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ABSTRACT

The Benue Trough of Nigeria is a sedimentary basin that extends from the Gulf of Guinea in the southwest to the
Chad Basin in the northwest for about 800 kmin length and 150 km in width. Lead-zinc-barytes occursin almost the
entire length of the Benue Trough. Lead-zinc-barytes mineralization in the Trough is believed to be hydrothermal in
origin and is associated with brine springs. Fracturing and jointing are intense in the areas of mineralization. Lead-
zinc minerals in the form of their ores of galena and sphalerite respectively and barytes mineralization are often
associated with copper, quartz, iron minerals (siderite, marcasite and pyrite), gold and silver as gangue occurring
in the form of veins and veinlets associated with the host sedimentary rocks in the axial zone of the Benue Trough.
The mineralization occurs in form of dissemination, stockwork and narrow beds with poorly developed wall-rock
silicification (alteration). The host lithologies are highly varied ranging in the Lower Benue Trough from shale to
siltstone, sandstone and occasionally igneous bodies; in the Middle Benue Trough from shale to sandstone,
siltstone, conglomeratic ironstone, minor limestone beds and occasionally igneous bodies; and in the Upper Benue
Trough from shale to sandstone, mudstone, limestone, clay and porphyritic granites.

Keywords. Nigeria, Galena-Sphalerite-Barytes Mineralizatidgdrothermal Origin.

INTRODUCTION

Lead (Pb) is a relatively soft, malleable, blueygreeavy metal and is probably the earliest disceyenetal that
does not occur naturally in its pure state. Leas &ahiny chrome-silver lustre when it is meltetb ia liquid.

Galena (PbS) is the principal ore mineral, usufidiynd in association with sphalerite (ZnS) and besyGalena
often contains inclusions of silver and is a majource of that metal.

Zinc (Zn) is a crystalline, bluish white metal thsibrittle at most temperatures but becomes mabdaetween 100
and 156C. Above 216C, the metal becomes brittle again and can be pmée by beating. It is principally mined
as the primary sulphide sphalerite (ZnS), usuallgssociation with galena and barytes. Sphaleoitéains 67% Zn

and often includes traces of simple sulphide sgc@admium, Gallium, Germanium and Indium in solutio

Barytes, is a mineral consisting of barium sulph#tés generally white or colourless, and is thaimsource of
barium. Barytes occurs in a large number of dejoosit environments, and is deposited through aelangmber of
processes including biogenic, hydrothermal, angeration, among others [1]. Barytes commonly océaread-
zinc veins in limestones, in hot spring deposits] avith hematite ore. It is often associated whke minerals
anglesite and celestine. It has also been idedtifieneteorites [2].
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The Benue Trough of Nigeria is arbitrarily sub-died into three portions; Lower, Middle and Uppertioon (Fig.

1) and kad-zinc-barytes mineralization occurs in almos #ntire length of the Trough. Lead-zinc-barytes
mineralization in the Benue Trough is associateth waline water intrusion or with fractures/sheanes and is
believed to be hydrothermal in origin. There aféeding views on their relationships. But therdhg possibility of
chemical interaction between the rising metal ephydrothermal fluid with the surrounding countogk in the
saliferous or evaporitic zone, resulting in the as#fion of Pb-Zn (galena-sphalerite) and barytés [3
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Fig. 1 Map of the Benue Trough of Nigeria[4]

Deposits of lead and zinc ores, galena and sptalespectively and barytes which are usually fologeither have
long been known in the Benue Trough of Nigeriathely have only been mined in the past on a verylsuoale.
The mining of galena and sphalerite for their metaltent has been possible owing to the high dosaonsport and
low metal prices. The Nigerian lead-zinc-barytetdfiextends for about 560km in a narrow belt fr@magu in the
Lower Benue Trough through Azara in the Middle Befliough to Gidan Dari in the Upper Benue Trouglaniyl
occurrences of lead-zinc-barytes are known, sudchase at Enyigba, Ameki, Ameri (near Abakaliki)akande,
Wanakom, Gabu and Oshina all in the Lower Benuaidmpat Keana, Aloshi, Akiri, Wuse, Akwana, Arufeaya,
Shata, Chiata, Gbande, Gboko, Sardauna, Karim Lan¥Yidro, Lau, Wukari and Ibi in the Middle Benueoligh;
and at Isimiya, Diji, Gidan Dari, Alkaleri and Gweaim the Upper Benue Trough. At least 30 lode®aftitzinc with
an aggregate length of about 6,000m have beentegbior Nigerian lead-zinc field. In Abakaliki aremn,particular,
the Nigerian Mining Corporation has indicated prbveserves of up to 711,237 tonnes [5]. Nigeriand-&inc
Mining Company in 1956 gave conservative indicaeskrves of 693,000 tonnes with 9.0% lead and Zi0&o[3].
The Abakaliki field is still Nigeria’'s most imponta lead-zinc deposit. In Azara area, the Nigeriamiivy
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Corporation has indicated reserves of 70,000 tomidsarytes [5]. Azara is the best quality knowrpaigt of
barytes in Nigeria.

This paper therefore, reviews some available infdiom on the geology, mode of occurrence and plessib
economic importance of lead-zinc-barytes mineribzain the Benue (Lower, Middle and Upper) Trough

Nigeria.
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Fig. 2 Stratigraphic succession within the Benue Trough [24]

Geological Setting

The Benue Trough is believed to have originated &isled arm of an aulacogen at the time of thenopeof the
South Atlantic Oceans during the separation offiesan plate and the South American plate. Theugiocontains
as much as 6,000m of Cretaceous—Tertiary sedimieictsiding those predating the Middle SantoniancliHhave
been compressionally deformed, faulted, and uglifteseveral places. Compressional folding durimg Middle
Santonian tectonic episode affected the whole @Bnue Trough and was quite intense, producing riian 100
anticlines and synclines [6]. The geology and graphic successions in the Benue Trough have bgtmsively
reviewed by [7-17] among others.

88
Pelagia Research Library



FatoyeF.B. et al Adv. Appl. Sci. Res,, 2014, 5(2):86-92

In the Lower Benue Trough, stratigraphic success@mmenced with the marine Neocomian—Albian AsueRiv
Group, although some pyroclastics of Aptian—Earlgidn age have been sparingly reported [18 and(Hig]} 2).
The Asu River Group sediments in the Lower Benueugh comprises predominantly of shales with loealiz
sandstones, siltstones and limestones [20] asasedixtrusive and intrusive material [8]; [21]; [2&2]d [23] of the
Abakaliki Formation in the Abakaliki area and théakhosing Limestone in the Calabar Flank [ITje Asu River
Group is interpreted as sediments of the firstdgagssive cycle into the Lower Benue Trough.

The marine Cenomanian—-Turonian Nkalagu Formatiotackb shales, limestones and siltsones) and the
interfingering regressive sandstones of the Agath/&gbani Formations (Cross River Group) rest anABu River
Group. Although sequence of sandstones, limestanéshales with calcareous sandstones of Odukpaumigfion
were deposited unconformably on the Basement riocttee Calabar Flank during the Late Albian.

The Santonian was a period of non-deposition, fgldind faulting. This was followed by uplift andbsion of the
sedimentsThe intensive Middle—Santonian deformation and metggm in the Benue Trough displaced the major
depositional axis westward which led to the formatof the Anambra Basin. Post deformational sediatiem in
the Lower Benue Trough, therefore, constitutes Ahambra Basin. Sedimentation in the Anambra Bakirs t
commenced with the Early Campanian—Early Maasidohtof the Enugu and Nkporo Formatiofisteral
equivalents) which consist of a sequence of bltostlark grey shale and mudstone locally with sastiles, thin
sandstones and shelly limestone beds. The shailgsfagade laterally to sandstones of the Owelli Afilpo
Formations in the Anambra Basin. The Enugu and Nkp@rmations are essentially marine sedimentiethird
transgressive cycle. These, in most parts of thenfora Basin is overlain by the Lower Maastrichandstones,
shales, siltstones and mudstones and the interelectthl seams of the deltaic Mamu Formation. THimiddacies
grade laterally into the overlying marginal margandstones of the Ajali and Nsukka Formations.

The marine shales of the Imo and Nsukka Formatieere deposited in the Paleocene. The Nsukka Faymatid
the Imo Shale mark the onset of another transgnessithe Anambra Basin during the Paleocene ImbNsukka
Formations are overlain by the tidal Nanka SandstinEocene age. The Eocene Nanka Sands markttha te
regressive conditions. Nanka Formation is overlaynsandstones, shales and lignite beds of the Oligoce
Miocene Ogwashi—Asaba Formation. These Tertiarysuoonstitute the proto- Niger Delta Eocene to Rece
sequences in the subsurfaé@own dip, towards the Niger Delta, the Akata Shatel the Agbada Formation
constitute the Paleocene equivalents of the AnaiBasin (Fig. 2).

In the Middle Benue Trough, the sediments thicknessbout 4,000m. The stratigraphic successiomisgart of

the Trough begins with the basal Albian Arufu, U@nfBboko Formations, generally referred to as the River
Group (Fig. 2). These are overlain by the Cenonmaitiaana and Awe Formations and the Cenomanian—Early
Turonian Ezeaku Formation. The Late Turonian—ESdptonian Awgu Formation lies conformably on thedku
Formation. The Late Santonian—Early Cenomanianayaeriod of folding and uplift throughout the Benueugh.

The post-folding Campanian—Maastrichtian Lafia Fation ended the sedimentation in the Middle Bentaugdh,
after which widespread volcanic activities took owvethe Tertiary.

The Upper part of the Trough bifurcates at its Imeastern end into the Gongola and the Yola bakirsoth basins,
the Albian Bima Sandstone lies unconformably on blasement (Fig. 2) and is conformably overlain bg t
Cenomanian transitional/coastal Yolde Formationclwhiepresents the beginning of marine incursiom tiné Upper
Benue Trough. In the Gongola basin, the lateralvadgent Gongila and Pindiga Formations lie confoligaon the
Yolde Formation. These Formations were depositethbymajor marine incursion into the Upper Benueugh
during upper Cenomania—Turonian—Santonian periodée Yola basin, the Dukul, Jessu and Sekuliyerfations
along with the Numanha Shale and the coal bearimgza Sandstone, are the upper Cenomanian—Turonian—
Santonian equivalents of the Gongila and Pindigamiations. The Upper Cenomanian—Turonian—Santonian
deposits in the Yola Formation basin are litholafficand paleoenvironmentally similar to those lie tGongola
basin, except the Lamza Sandstone which has a dommarine, sandstone lithology. The Mid—Santonias a
period of folding and deformation in the whole bé&tBenue Trough. Post-folding sediments are reptedeby the
continental coal-bearing Gombe Sandstone of Maasiain age and the Kerri-Kerri Formation of thetieey age.

Lead-Zinc-Barytes Mineralization in the Lower Benue Trough
In the Lower Benue Trough, lead-zinc-barytes milizgion occurs as epigenetic fracture-controllethvdeposits
which are restricted to Albian—Turonian sedimerigy.(2) but more widely distributed spatially. Digtd field
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studies carried out by [25] in four main areas, agnishiagu, Enyigba-Ameki-Ameri, Wanikande-Wanakand
Gabu-Oshina which together constitute the four majeas of mineralization in the Lower Benue Trougwealed
that in all the four areas, mineralization appeassricted to NW-SE and N-S fractures while the encsmmon NE-
SW fractures are barren. Apart from the Enyigba aigneous bodies are found in the vicinity of te deposits
and in the Wanikande area, barytes veins and vsinlere observed to be closely related to the siteubodies.
The host lithologies are highly varied ranging frefmle to siltstone, sandstone and occasionalkyoigs bodies.
According to [25], the ore assemblage also vargdarkably in the areas, with lead-zinc-barytesogatiarying
from approximately 3:1:0 at Ishiagu, to 2:1:0 atyigba, 1:0:2 at Wanikande at nearly 100% baryteSalbu-
Oshina. These show that there is a remarkable dserén barytes content from the southwest (Ishiaguhe
northeast (Gabu). Nigeria’s most important leadzbarytes deposit is the Abakaliki field which isade up of
primarily four lodes namely Ishiagu, Enyigba, Amekid Ameri in the Lower Benue Trough.

Lead-Zinc-BarytesMineralization in the Middle Benue Trough

In the Middle Benue Trough, lead-zinc-barytes mafigation also occurs as epigenetic fracture-cdietiovein
deposits restricted to Albian—Cenomanian sedimehfsu River Group, Awe and Keana Formations (B)g.The
fractures occur as single linear structures or aserges irregular fractures interconnected and expamver a
considerable width and distance. The lithologiesewmit by E-W and NW-SE trending mineralized veiisAKkiri,
the mineralization is associated with the followiggngue minerals: quartz, feldspar, hematite, tealeind copper
[26]. In Akwana and Arufu, lead-zinc-barytes minaation is associated with the above gangue misesad
occasionally with native silver. Limestone wall koat Akwana and Arufu is highly silicified, whiclppears to be
related to the mineralization process as the iitierd the silicification decreases away from thein/[27]. At
Azara, the veins are very rich in barytes with pfesphalerite and with occasional cubic galena.[&Yll, about 20
veins have been mapped in Azara, and conservattimates carried out in three rich veins, out of @20
occurrences in this locality, indicated a reserfvemto 130,000 tonnes of contained BaSé&nhd for only 10m depth
[3]. The host lithologies varied from shale to sstode, siltstone, conglomeratic ironstone, minoretone beds
and occasionally igneous bodies. There are alser &fown occurrences of lead-zinc-barytes mineatibn in the
Middle Benue Trough at Aloshi, Wuse, Gbende, Sardaukarim Lamido, Yoro, Lau, Wukari and Ibi areas.
However, Azara barytes deposit is the best knovposie of baryte in Nigeria.

Lead-Zinc-Barytes Mineralization in the Upper Benue Trough

In the Upper Benue Trough, lead-zinc-barytes miieation is fracture-controlled vein deposits riged to

Albian—Cenomanian sediments of Bima and Yolde Ftiona (Fig. 2). These mineralizations are locate@nd

around Isimiya, Diji, Gidan Dari, Alkaleri and Gwain Bauchi State. At Isimiya, quartz veins hodtgdsandstone
striking N-W host the mineralization while the veiare hosted in grey shale member of the Yolde Etiom at

Gidan Dari. The host lithologies include; sandst@tale, mudstone, limestone and clays.

Economic Prospective

Lead is used in building construction, lead-acittdsges for the storage of energy, ammunition @dslland shot),
weights as part of solders, fusible alloys, radiaghield, burial vault liners, ceramic glazes,neetics, leaded glass
and crystal, paints or other protective coatingsyter, and water lines and pipes.

Zinc is used in galvanizing steel to protect itnfraust, the manufacture of brass and other alloybber
vulcanizing, cosmetics, plastics, rubber, ointmesuty screen creams, soaps, paints, fertilizerserieg and the
production of pigments and certain medicines aradrgbals.

Barytes is used as a weighting agent for drillihgids in oil and gas exploration to suppress highmfation

pressures and prevent blowouts. As a well is dkiltbe bit passes through various formations, edtth different

characteristics. The deeper the hole, the moredmiy needed as a percentage of the total mudAniadditional

benefit of barytes is that it is non-magnetic ahdstdoes not interfere with magnetic measuremekentin the
borehole, either during logging-while-drilling on iseparate drill hole logging. Other uses are ideddvalue
applications which include filler in paint, papeflpthe and plastics, sound reduction in engine @itngents, coat
of automobile finishes for smoothness and corrogiesistance, friction products for automobiles angtks,

radiation-shielding cement, glass ceramics and caédipplications (for example, a barium meal beforontrast
CAT scan). Historically barytes was used for thedpiction of barium hydroxide for sugar refiningdaas a white
pigment for textiles, paper, and paint.

90
Pelagia Research Library



FatoyeF.B. et al Adv. Appl. Sci. Res,, 2014, 5(2):86-92

CONCLUSION

Deposits of lead and zinc minerals in the formhditt ores of galena and sphalerite respectivelykargtes occur
extensively in the Cretaceous sediments of the 8dmaugh sedimentary basin of Nigeria. Pb-Zn depasiBenue
Trough are sedimentary exhalative (Sedex) typeepiodit formed when metal-rich hot liquids are reéshinto
water-filled basin sediments, which results in finecipitation of ore-bearing material with basiadit sediments.
Nigeria’s most important lead-zinc deposit is thizakaliki field which is made up of primarily foundes namely
Ishiagu, Enyigba, Ameki and Ameri in the Lower Benlrough. The best known barytes deposit in Nigeriat
Azara in the Middle Benue Trough. The lead-zincsofgalena and sphalerite) and barytes are imprednat
relatively narrow fracture zones in shale, siltgtosandstone, limestone, mudstone, clay and ocedkidgneous
bodies.

There is need for further investigation of more a@{s of lead-zinc-barytes in the country espegilthe Benue
Trough. The development and utilisation of the mafe will create job opportunities for many unenysd
Nigerians. Furthermore, utilisation of Nigeriandezinc-barytes will have a multiplier effect on ethindustries.
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