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ABSTRACT

The Lesselhugh area lies witin the Lower Benue Trough, southeastern
Nigeria. The area, which was mapped on the scale of 1:10,000 is underlain by
Precambrian rocks comprising of gneiss, medgrained muscovite granite, coarse
grained biotite muscovite granite, and Turonian arenacéessel Sandstone. Baryte
mineralization occurs generally @sin and cavitytype deposits in Lessel Sandstone at
LesseliMbagwa andVibaakasgsouthwest of lhughand also in banded gneiss at Bunde
(northeast of Lessel TownBaryte veins mapped in the areegending mainly in the NE
SW direction with minor NWSE trends. The veins at Lessel area contain minor
amounts ofjuartz,galena and sphalerite associatedninerals. Petrographic studies on
the graniticand vein rock collected from the area were cadiout using transmitted
light microscope Whole rock geochemical analysis of granitic rocks, sandstands
baryteveins were carried outusing ICRAES and ICPMS to chemically characterize
baryte mineralization in the Lesdélugh area.In addition, barte minerals were
subjected to density, moisture content and uniaxial compressive strengthotests
establish their geotechnical attributes, variety and qualitysscutting relationship of
baryteveins suggests that opaque minerals (galena, sphaissit@xideg, quartz was
first deposited followed by early baryte, late baryte and lasgigin bythe opaque
minerals.Geochemical data indicate that the granitickeoare generally peraluminous
calcalkaline granites believed to have been emplaced duilieg compressional
tectonism resulting from the Pdirican orogeny. Geochemical classification
constrained the Lessel Sandstoneswaske, litharenite, sulitharenite and quartz

arenitesandstoneslerived from granite and gneiss terraBarytes from theLessel



Ihughareais characterized by enrichment in Ba, Sr, depletion in major oxides and trace
el ement s, T @34 pnh, Bdgatiye ' Eu @homalies (0i0R 05), positive Ce
and negative Ce anomalies (0.04..3) in addition to positive Gd anomedi (17.11
21.4). Trace elementataindicates Ba was leached from -Beh magmatic rocks
Cay/Smy versus Cg/Yby plot suggests that the mineralizing fluid was derived from
seawater dominated hydrothermal fluid. The interaction efi@afluid with sulplate

rich fluid led to precipitation of baryte under oxic and anoxic conditions in fractures
during the Santonian to Campani&eotechnical investigations reveal that the Lessel
lhugh barytes have low uniaxial compressive strength (2.636 N/mnf), modeate
moisture content (0.42 1.18%) and specific gravity (3.66 4.01). Based on the
geochemical and geotechnical characteristics of barytes in this study, thelhagkel
baryte fall belowinternationalstandard specificationgind are therefore aklatively

moderateguality or Grade Il barytes
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CHAPTER ONE

INTRODUCTION
1.1 GENERAL INTRODUCTION

Baryte is the principamineral of barium with chemical formula BaS0n the

proportion of 66% BaO and 34% $Ohem ner al I's sometimes ref
sparo or fispar0o, meaning a transparent or
having a vitreous luster (Thrush, 1968). Baryte is a relatively dense mineral with specific
gravity of about 3.0 4.4 g/cm® which is its most distinct feature. Other physical properties

of baryte are presented in Table 1.1.

Table 1.1 Physical properties of baryte (modified from Harben, 1999)

Property Description

Colour Pure baryte appearwhite to transparent but deperglion the impuritieg
(strontium andron oxides) present in the mineral, the colour may vary f
light shades of grey bluei yellowi brown. Plate)

Hardness 2.57 3.5
Habit The crystals commonly appear as tabulateai-like aggregates with edge

projecting into creslike or rosette forms and also as prismatic, com
(which may have the appearance of massive gypsum) or grainy masses.

Cleavage Perfect cleavage

2) | o) B>, ;
Platel: Photograph of baryte frofa) Tasmania, Australia (b) Dareta, ArRsstrict,
Northwestern Nigeria.



Baryte rarely exists in nature as a pure end member but rather as solid solutions.
Solid solution appears to be continuous betwdaryte anctelestine(SrSQ) (Hanor,
2000; Zhu, 2004Monnin andCividini, 2006) but discontinuous with anhydrite (CakO
The substitution of Ba in baryte (BagQvith other cations (such as'KMg**, C&*, SF,
R, P, La®", Ce*, Lu®", E') defends on its degree of sikaiity in ionic charge, ionic

radius and electronegativity (Hanor, 2000) (Table 1.2).

Table 1.2:lonic radii / electronegativity of selected cation$Griffith and Paytan,2012).

Cation lonic radius (Angstroms) Electronegativity (Pauling Scale)
K* 1.33 0.82
Mg?* 0.72 1.31
cat 1.00 1.00
St 1.16 0.95
Ba™ 1.36 0.89
R 1.43 0.90
PI* 1.18 2.33
La" 1.05 1.10
ce* 1.01 1.12
Lu® 0.85 1.27
EU 1.17 1.20

Baryte occus in diverse geologicagnvironments in a host of sedimentametamorphic
and igneous rocksvhich span from Early Archean to Late PhaneroZ@&onel, 2005)
Most of the baryte in th& a r tctush Bas been formed through mixing of fluids, one
containing Ba leached from silicate minerals and the other fluid camgasulphate
(Hanor, 2000)Baryte is usually ssociated wittone ormore of the following minerals:
Celestine (SrSg), galena(PbS) sphalerite(ZnS), pyrite (FeS), quartz (Si0,), calcite
(CaCQ), dolomite (Ca,Mg(CQ)), marcasite (FeS), chalcopyrite (CuFeS), fluorite
(CaR,), siderite(FeCQ) and witherite(BaCG;). China is the leading producer of baryte in

the world followed by India with the Mangampet deposit in Cuddapah district of Andhra



Pradesh being the single largest deposit in the world. Thebdistn of major baryte

deposits in some parts of the world is presented in Figure 1.1.

1.1.1 Types of Baryte Deposit
Baryte deposits can be classified based on the mode of occurrence into the following:
a. Bedded and Residual Deposits

b. Veins and Cavity Filling Deposits

a. Bedded and Residual Deposits

Bedded deposits are those formed by the precipitation of barytes at or near the sea
floor of sedimentary basins. The ore fluid is generated by migration of reduced saline
fluids and are concerated by major basin controlling faults. Baryte may occur either as a
principal mineral or cementing agent associated with stratiform massive sulphide deposits
(Harben and Kugvart, 1996) . Mo st bedded de
rocks chara@rized by abundant chert, black siliceous shale and siltstone referred to as
O0bl ack bedded baryted. Bedded deposits of
from Precambrian to Tertiary (especially from Early to NRidleozoic) (Ramos and de
Brodtkorb, 1989). Individual beds are figgained, massive to laminated and may contain
about 50/ 95% baryte. The bedded deposits are the most valuable and economically most
important deposit type because they are usually large and have higher gradesdhdrenz
Gwosdz, 2003). Residual deposits are derived from the weathering of-baayteg rocks
in which baryte is present as loose fragments embedded within residual soil or clay e.qg.
Georgia and Missouri baryte deposits (Bonel, 2005). Glaed. (1990) futher subdivided
the bedded baryte deposits into five groups based on its depositional environment as

follows:
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I Bedded deposits with baseetal sulphides (cratonic rift tgp associated with
alkali volcanic rocks, e.g. Meggen and Rammelsberg, Germany; Ballynoe and
Silvermines, Ireland; Selwyn Basin, Canada and Red Dog, Alaska.

i Bedded deposits without baseetal sulphides (continental margin type), e.g.
Arkansas and Nevaddeposits, USA; Jiangnan and Qinling deposits in China.

iii . Bedded deposits associated with volcanic series, e.g. Kuroko type ore, Japan;
Buchans deposit, Canada.

Iv. Stratiform baryte deposits e.g. Mangampet deposit in Andhra Pradesh, India.

V. Exogenedt baryte deposits: These are unconsolidated alluvial or residual deposits
formed by erosion or weathering processes occurring on or near the surface of the

earth e.g. Krakow deposit, Poland.

b. Veins and Cavity Fillings

These are epithermal deposithigh form by the precipitation of hot barium
enriched fluids in faults, joints, bedding planes, breccia zones, solution channels and
cavities as a result of fluid mixing or reduced pressure and/or temperature. In some cases,
the ore fluid dissolves the sounding host rocks (especially limestone and dolomite) and
baryte is deposited in its stead, thus forming replacement deposits. The resulting veins are
characterized by sharp contacts, extensive pinching and swelling, and extreme variations in
length anddepth. The veins consist predominantly of barytes (80% Ba8@d <5%
SrSQ), sulphides (galena, pyrrhotifEeS i magnetic pyrite), iron, manganese oxides as
well as fluorite, calcite and quartz. This type of deposits are generally smaller than the

bedde deposits, examples include Dreislar and RhineRaldtinate vein deposits in



Germany; Les Arcs deposit in France and Pennine ore fields in the United Kingdom

(Lorenz and Gwosdz, 2003).

1.1.2 Uses of Baryte

1.

1.2

The high density, nonorrosive, norabrasive chemical inertness and ntoxic
nature of baryte makes it a suitable weighting agent or drilling mud which is used
in drilling shafts of gas and oil wells. Baryte makes the mud dense and therefore
prevent blowup ensuing from oil and gas pressure.

Baryte is a raw material used in the production of barium chemicals such as:
Ba-metal which is used to remove traces of gases in vacuum tubes g, BT,
Ba(OH) are used to control efflorescence and scum from forming on brick and
ceramic materials durinigs manufacture.

Baryte is also used as an additive in the manufacture of plastics, paper, paints,
enamelsand leaded glass.

Baryte significantly blocks xays and gamma rays hence; it is used as a contrast
medium in medical xay examination and arggregate in high density concrete to

shield against radiation.

LOCATION AND ACCESSIBILITY

The study area lies within twguater sheets: 271 Gboko SE and 272 Katsita

SW in the southeastern part tife present Benue Stategrtivcentral Nigeria. tlis

bounded by latitudes’@ ®Nj and 71 ®(Nj N and longitudes® ®MNj and 90 IWNj E

and covers an area of aboi@tlkm? (Fig. 12).

Themajorroadin the areauns from Gboko through Lessel, Ge to Ihughis road

together witha network of footpathsake the aregenerally accessible.



1.3 RELIEF AND DRAINAGE

The study area is generally an undulating lowland. The eastern half of the area
shows gradual rise from plains and is characterized by gently sloping highlands that are
about 220 to 236 m abovees level. The terrain a the western half of the area is
dominated by low lands with elevation well below 150 m.

Most of the rivers in the area are ephemeral and usually dry up during the dry
season; very few of them flow all year round. TMienga, Ukyolav and Umaa streams
which are tributaries of the Konshisha River flow in a southeasternly direcigioudu
and Ingye streamare tributaries of th&atsinaAla River and runs in a southwesternly
direction. Other streams such as Mtema, Uire and Kpa floar mortheastern direction.
These rivers as well as their tributaries make up the drainage system in the afisalapd

a dendritic pattern of flow.

1.4 CLIMATE AND VEGETATION

The project area lies in norttentral Nigeria, which has Tropical SavaniZimate
with distinct wet and dry seasons. Rainfall is concentrated in the wet season, which
extends from April to October with an annual rainfall of about I0A800mm. The dry
seasorbegins in November and ends in March is characterized by high mmepartdures
of about 32° C. A large diurnal variation in temperature due to the harmattan is
experienced between December and January during which temperature may fall below
28°C (Bunnett and Okunrotifa, 1984).

The vegetation type ithe study area is typally the Guinea Savannah and is
characterized by scattered trees, shrubs and dense growth of tall grasses. Trees common in

the area include; raffia palm, locust bean, shea butter, doka, cashew.
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1.5 PEOPLE, SETTLEMENT AND LAND USE

The inhabitants ofhe area are basically the Tiv ethnic group. The Tiv people are
hospitable and have a rich and diverse cultural heritage which finds expression in music,
dance and clothing. The area is a fertile grassland and for the most part suitable for
agriculture (arble, citrus and pastoral farming) which is the backbone of the local
economy. A great majority of the populace are farmers; producing yam, cassava,
groundnut, rice, oranges and mangoes. In areas where there is an appreciable amount of
mineraldeposit (barie), the peoplare engaged in artisanal mining activities

The key settlements in the study area are Lessel and lhugh. Otloemmateated

settlements are Ge andmerousmallervillages.

1.6 PREVIOUS WORK

Earlier works on the Nigerian baryténdicate thatbaryte occur as gangue in
galena and sphalerite veins (Farrington, 1952; McConnel, 1948)baryte resource of
Nigeria started gaining recognitias from 1951 Bogue (1951)presenteda report of
baryte prospect near Gabu in Ogoja Province e present Cross River State.
Occurences of baryte have been reported 957edition oft he A MiIi ner al s an
in Nigeriao year book a-Gbahde Keana and Akiridh@enpea Pr
Province and Dumgel in Adamawa Province (Oden, 20IB¢ Geological Survey of
Nigeria in 1959 estimated baryte reserve to be 41,000 t@@edepth of 20 meters for
the Benue Valley deposits in the Azara locality.

In 2008, the Nigerian Geological Survey Agency embarked on the evaluation of
newly reporteddepositsin the presentCross Rivers, Benue, Nassarawa, Plateau and

TarabaStates(Table 1.3. The inferred resource of baryte in thesates was putta

(

(



State

21,123,913 metric tons (Fig. }.Furtherexploration activities revealeatlditional areas
with favourable geological setting for baryte miakzation namely:Liji Hil, Gombe
Town, Ganye, Suwa and Sabin areastheast Nigeria in addition @areta, Tofa Forest

Reserve, Rebeku and Yarkatsaraas in northwestern Nigelidable 13).

Plateau .
Benue .

0 2000000 4000000 6000000 8000000 10000000

Resource (tons)

Figurel.3: Inferred baryte resource of some states in Nigeria (Source: MMSD, 2008).

Daspan and Imagbe (2010) reported the occurrence of baryte veins corresponding

to the major Anka fault system in metasedimentary rocks at Daugtgan Kudaku area,

northwest Nigeia. According to Akpeket al. (2006), MMSD (2008) and Ekwueme and

Akpeke (2012) baryte mineralization in southeastern Nigeria (Obubra, Yakur, Akamkpa,

Biase, Nkarasi, Okpoma and Omoji areas of Cross River state) is localized mostly along

the boundary beteen theBasement rockgmigmatite, gneiss, graniteCretaceous

sedimentgsandstone) and also in doleritedu (2006) also observed that baryte is hosted

in basement gneisses, porphyritic and fine grained grandeme parts of the present

TarabaState northeastern Nigeria.
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Akandeet al. (1989) and Oden (2012¢poted that most baryteineralizationin
Nigeria are hosted in the Cretaceous sediments of the Benue Trougheasdociated
with leadzinc-flourite vein ore bodies and occasionally withts@¢posits (Fig.1.4).
Oden (2012) further documented the occurrence of baryte aggbdésnajor areasvithin
the Benue Trough (Adamawa, Benue, Cross River, Ebonyi, Gomissafdeva, Taraba
and PlateaBtates)(Table 1.3. The geology and stratigraphy tife Lessel and lhugh
areas have been captured in the works of Reyment (1965), Murat (1972), Nwachukwu
(1972), Dandume (1978Kogbe (1989),Najime (2010)and Obiora (2012)The field
occurrence, mineral association and paragenesis of baryte in somefphdsBenue
Trough have been documented by Farrington (1952), Omada (1985, 1987), Akahde
(1989, 1992), Omada and Ike (1996), Ekwueme and Akpeke Y201 Oden Z012.
Nwafor et al (1997), Ministry of Mines and Steel Development (2008)d Najime
(2010)repated the occurrence of barytelassel. In a more recent study, Oden (2012)
also described their field characteristics and qualitarf/te occurrences in lhugh and
Lesselareas

Ajayi (1987) carried out gravity survey tiie Middle Benue Trougand proposed
that baryte occuence in this part of the trough was most probably formed as a result of
the interplay of volcanic intrusions with brine water from buried salt do®keslapo and
AdeoyeOladapo (2011) recorded high gravity and low conditgtialues influenced by
the density of concealed baryte veins at Tunga in the Middle Benue Trough.

Several models have been suggested for the origin of baryte in the Benue Trough;
Farrington (1952) suggested a magmatic hydrothermal origin for thezieabtaryte

mineralization in the Benue TroughOfoegbu and Odigi (1989) suggested thatZab

11



sulphide baryte and other ore mineralizations in the Benue Trough are closely associated
with magmatic episodes and are mainly localized in steeply dipping &dtgracture
systems of predominantly -§, NESW trend.Hot mantle materials involved in the
rifting of the Trough provided the thermal energy needed for upward movement of ore

fluids (Ofoegbu and Odigi, 1989).

Sediments

- Crysiailine Rocks

> Loac-Zinc

Figure 1.4:Distribution of leadzinc-barite and salt mineralization along the Benue
Trough (nse sketch map of Nigeria showing the Benue Trough) (sourceeEne
al., 2012).

Reyment (1965) alleged that volcanic rocks generated the hydrothermal fluids from
which the ore was deposited. Qa#tp (1964) considered both sedimentary and igneous
rocks to be possible sources of the mineralizing fluid. Omada (1985) stated that Ba

(barium)was mobilised from the host rock and then concentrated in fractures with the aid

12



of hydrothermal fluids. Omadand lke (1996) further reported that the geochemical

signature of baryte in the Middle Benue Trough was derived from hydrothermal fluids of

igneous origin.

Table 1.3 Location of baryte resources and their current status of exploration in some
parts of Nigeria.

STATE LOCATION RESERVE STATUS REMARK
ESTIMATION
(TONES)
1. Nassarawa Azara, Akiri, | 730,000 recorde( Mining in progress| Very rich state,
Aloshi, Chiata,| by NMC at Azara, by private grade ranges fron
Gidan Bera, Gidar Akiri and Wuse| compalesand | poor to good,
Tailor, Wuse| alone (5 veins) artisanal miners. | reserve could bg
Kuduku, Ribi NMC has divested improved through
further exploration
2. Plateau Panyam (Wase) Yet to be Registered Furtherexploration
Faya determined companies and | could increase sto
artisanal miners a{ of veins
work
3. Taraba* Mbanga Petel| Yet to be| Active informal | Further exjporation
Mbanga 3 corner| determined and some necessary tq
Juo, Gidan Wayal organized mining | improve the
Kauyen Isa, in progress known stock of
Bakuyu, Ibua, veins and boos
Kumar, Pupule, reserve
Apawa 1 & 2,
Didango, Suwa
4. Benue* Ambua, Torkula,| Yet to be| Active informal | Exploration work
Makurdi, Kaseyo, determined and organized | necessary tq
Yandev, Orgba| mining in progress improve the
lhugh, Lessel, known stock of
Tombu, Kaorinya, veins and boos
lye, Zanzan, Logo reserve
5. Adamawa Ganye, Suwa| Yet to be| Only Suwa and | Further exploration
Sabin Village determined Sabin deposits arq necessary
currently mined
6. Cross River* Okumurutet, Yet to be Enormous Large scale
Okangha, Ago | determined informal and operators neede
Ekpo, Agoi Ibami, organized mining | and further
Akeptl, Akpet in progress exploratory  work
Central, Okurike, very necessary if
Lefin, Bitol, this state with the
Ugbem highest prospect
7. Gombe Liji Hill, Gombe | Yet to be| Mining activity | Requires  furthel
Town determined started here exploration
recently
8. Ebonyi Ishiagu Yet to be| No mining activity | Requires  furthel
determined is going on exploration

" Major producing sites

(Source: Oden, 2012)
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Ezepue (1984), Uma and Leohnéi992), Tijani,et al. (1996) believed that
igneous intrusions caused changes (pressure and temperature conglibbably
entrained precipitation and concentration from fluids to form the ore) in the geisthe
of the surrounding rocks thugleasing mportant masses of volatilesJuvenile and
connate brine origin was proposed by Offodile (1#@&lvocating that the brines evolved
from connate water by osmotic filtration or from meteoric water by solution of evaporites
in the course of sinking to greatepth in the sedimentary basiRussd (1978) put
together a circulating brine convection model for Irish base metal mineralization whose
mineralization is almost similar to that of the Benue Trough. Olade and Morton (1985)
suggested that brine circutat wasdriven by magmatic intrusions.

Basinalbrine source was adopted by Akareteal. (1989) who carried out fluid
inclusion and isotope studies on barytes in the Middle and Lower Benue Trough. These
authors noted that the mineralizing fluids werersabrines (14 to 21 equiv. wt% NacCl)
containing hydrocarbons with fluid temperatures of betweean@®200 C. Their Sr and
Pb isotopic data indicated that the metal ore components were sourced from the Lower
Paleozoic gneisses and migmatites while sulplas® suggested thsilphur was derived
from Cretaceous evaporite sounsgthin the trough. Sulphur isotope value=ported by
Akandeet al. (1989) matches that of the Lower Cretaceous seawater sulphate of Lieben
et al. (2000) which have been interpreteg Grandiaet al. (2003) to beconsistent with
mixing of metalrich brine with sulphurich fluid of Upper Cretaceous and Lower

Paleocene age.
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Similarly, lower temperatures and salinities of fluid inclusions in baryte from Alston
Block of the North Pennm Orefield indicate that baryte was deposited during the
waning stages of hydrothermal circulation, under cooler conditions when sources of
metds within the basement and/ognieous intrusiondecamedepleted(Bouch et al.,

2008) The studyof Bozkaya ad Gokce (2004) on the rare earth element geochemistry
of Karalar baryte veinsSputlern Turkey) showed thabaryteprecipitatedfrom seawater

dominatechydrothermal fluids.

1.7 RESEARCH PROBLEM, OBJECTIVES AND SCOPE OF THE STUDY

Since the Federal Govermmt banned importation of baryte in 2003, high priority
has been placed on exploration and exploitation of the baryte deposits in the chumtry.
bulk of the baryte mined in Nigeria are used as heavy mud-ineatildrilling. Hitherto,
the demand for oiind gas remains strong and demand for baryte may probably continue
to grow giving the fact that further exploration and development of wells will
consequently boost baryte consumption.

So far, as can be ascertained, there has not been any detailed work on
geochemistry and genesis of baryte mineralisation in the Lessel and Ihugh areas. There is
therefore, a need to characterize the baryte mineralization in the area using major oxides
and trace elements composition and other physical parameters whichrvellaseguide
to further exploratory work. This research work focuses on the geological and
geochemical factors controlling baryte mineralization in the area. The objectives of this
study, therefore, are:

I. To produce agplogical map of the study area ascale of 1:40,000

15



il. To establish the origin of the baryte mineralisation based on petrographic and

geachemical attributes of the baryte veins, host rocksbancenrocks.

iii. To determine the variety (or varieties) of the baryte and its qualityrestect to

standard quality specifications.

In line with the set objectives, this research work essentially indahaborate
desk studyto review theexisting literature on the arebield mappingcommenced with
reconnaissanceurvey followed bydetaled mapping Rock andbarytevein samples were
collected during field mapping and subjectedatooratory analyse The results obtained
were interpretd based orbackground geological knowledge of the area and geochemical
behaviour of elements in geologlcsystemswith the aid of variation, classification,
geotectonic, discrimination, spider and rare earth elements diagfaesature of the
mineralizationand geotechnical attributegas established bgomparing barytes from
Lessellhugh areawith similar studies on baryte mineralization parts of Nigeriaand

else where in the world
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CHAPTER TWO
GEOLOGICAL SETTING
2.1 INTRODUCTION
The Bewe Trough is a linear mtheastsouttwest trending basin about 800 km
long and 90 km wide on theverage. The Benue Trough is considered tan originated
as an aulacogen on tHerecambrian shield resulting from theparation ofthe African
and South Amecan continents in the Earl@retaceougKing, 1950 andOlade, 1975).
The Cretaceous rocks filling theotigh are bordered on either side by basement

complexrocks of ages ranging from Precambrian to Early Paleozoic (Ofoegbu, 1985).

2.2 PRECAMBRIAN BASEMENT ROCKS

The Precambriageology of southeast Nigeria is folded with northerly (NNE to
NNW) axes, conprising parts of Gboko, Katsifidla, Takum and Obudu and bordered to
the west by the Benue Trough. The igneous bodies recognized are of giiapelikaite
T granite association, monzodioritegranodiorite association and pesagmatic rocks
(Umeji

, 181).

2.2.1 Granulite 7 Perknite i Granite Association

The ultranafic perknite forms a NNWSSE aligned ridge within the enderbitic
granulite southwest of Obudu. The Obudu Massif forms part of the western part of the
Bamenda Massif which underwent PAafrican polyphase deformation and
polymetamorphism, producing -8 trending belt of migmatites, gneisses, schists,

amphibolites and quartzites (Raharnesal.,1981; Ukaegbu and Ekwueme, 2005).

17



2.2.2 Monzodiorite and Granodiorite Association

Hypersthenegjuatz monzodiorite and hornblengbgroxene granodiorite plutons
form isolated domes and high rugged relief often having discordant contact relations with
the granulite. The monzodiorite forms NNESW oriented elongate hills east of Katsina
Ala River. The graadiorite is exposed between Gboko and Kat#ife Outcrops of
these rocks make up the Mkar Hill and other low land mound ex@dsedthe Yandev
T KatsinaAla road cutting (Umeji, 1981). Obiora (2012) documented the Precambrian
Basement rocks around Iwanye and Katsindla to comprise of banded gneiss
intruded by norporphyritic and porphytic hornblendebiotite granitods. Umeji and

CaenVachette (1983) gave the Rb&schron ages of these gramits to be 546 86 Ma.

2.2.3. Postmagmatic Rocks

The pyroclastics and lavassociated with volcanic activitiege scarce in other
parts of theBenue Troughbut in the Gboko area however, these oagmatic rocks
form the NESW trending Gboko Hill and lkyuen Hill (Umeji, 1981). Najime (204@p
Nwajide (2012)documented the post Réfrican rocksat Gboko to comprise of basalts,
trachy-andesites, dacitesyenites, gabbros dmuartz diorite which exhibitonspicuous

NE-SW lineament parallel to the Benue Trough.

2.3 CRETACEOUS SEDIMENTARY ROCKS
2.31 Origin of the Benue Trough
The Benue Trough is a sediment filled 1$&V trending structure (Cratchley and

Jones, 1965; Burke and Whiteman, 1970). Benkhelil (1982) also described it as an
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elongated sedimentary basin extending over 800 km from the Nigéa Bakin in
southern Nigeria to northeastern Nigeria where it bifurcates into-\dhtéending Yola

Basinand a northeast trending Gongola Basin (Eit).
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Figure 2.1: Outline geological map of the Benue Trough and adjacent areas. Lower
Benue Trough (BT), Middle Benue Trough (MBT) and Upper Benue Trough
(UBT). (1) Precambrianocks(2) Mesozoic (Anorogenic) Granites (3) Cretaceous
sedimentary rock&) PostCretaceous sediments (5) CenozZBmcent basalts
including those of th€ameroun line (afteZaborski, 1998).

The origin of the Benue Trough is intricately linked to the opening of the Atlantic

Ocean in the Early Cretaceous and several models have been proposed to explain its

origin. King (1950) regarded the Benue Trough, Bida Basin/Gao Trasigixtensions of

the rift which produced the Equatorial and South Atlantic oceans respectively. Lees

(1952) described the trough to be a compressional downwarp induced by deep seated
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basement contraction. Cratchley and Jones (1965) are of the opiniotheéhBenue
Trough was a rift and on the basis of gravity data inferred marginal faulting along most of
its middle and upper parts, the faults being concealed by Cretaceous sediments. Stoneley
(1966), Uzuakpunwa (1980), Hoque (1981, 1984) attributed tlggnaoi the trough to
rifting. Wright (1968) related the opening and slight Santonian closure of the trough to
the separation of the Africa and South America which resulted to-lkavéolding event
propagating from souttvest to nortkeast along the BenukErough. Burkeet al. (1971,
1972) (Fig. 2.2b), Burke and Whiteman (1973), Burke and Dewey (1974), Olade (1975,
1979) and Wright (1981, 1989) associated the formation of the trough with the breakup
of the Afro-Brazillian plate in the Early Cretaceous ahdd regarded it as a failed arm of
the triple rift junction developed over a Cretaceous hotspot located beneath the present
day Niger Delta.

lllies (1970) and Wright (1981) associated the rifting along the Benue Trough to
doming and volcanism. Grant (197fjoposed a riftift-fault triple junction with the
faulted arm along the Benue Trough representing an aulacogen. Nwachukwu (1972)
regarded the Benue folding as caused by the collision of continental plates during the
Cenomanian and Santonian thereby pomag two folding phases. However, Olade
(1975, 1976, 1979) related the Early Cretaceous magmatism to hotspot activity and
interpreted the Benue Trough as an aulacogen related to intermittent mantle upwelling
(Fig. 2.2a). Burke and Dewey (1973) and Ofoedi984a, 1984b, 1984c, 1988)
suggested that evolution of the trough involved the rise of a mantle plume, followed by

updoming and development of lines of weakness marginal to the plume.
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Freeth (1978a, 1978b, 1979a, 1979b, 1990) suggested a subductiorfontiok|
preserdday Lower Benue Trough which he believed to be floored by oceanic crust.
Benkhelil (1982), Benkhelil and Robineau (1983) and Mastim@l. (1986) proposed a
strike-slip model for the Benue Trough which developed as extension of equatorial
oceanic fracture zones (Romanche, Chain and Charcot fractures) onto the African
continent. Benkhelil (1989) retreated slightly from a pure stsike model regarding the
evolution of the Benue Trough as best explained by a combination of extensional and
strike-slip movements. Fairhead (1988a, 1988b) (Fig. 2.2c), Fairhead and Green (1989),
Fairhead and Binks (1991), Binks and Fairhead (1992) and Genik (1993) matched the
separation of Africa and South America with its effects on the African plates and the
development of a closely linked rift system known as the West and Central Africa Rift
System (WCARS).

The WCARS developed within Pdkfrican lines of weakness (Maurin and
Guiraud, 1993) weakened by the underlying St. Helena hotspot (Morgan, 1983;
O 06 Co n d®uncaa 1990). According to Guiraud and Maurin (1991, 1992) the Benue
Trough and the Central African Shear Zone (CASZ) are regarded as ancient shear zones
reactivated during the Cretaceous times with crustal thinning and ultimately
sedimentation extendingver a wider area than the actual zone of faulting. Shear
movements originating along the transform faults of the Equatorial Atlantic due to
differential opening between the Central and South Atlantic Oceans were transmitted into
the African plate as sisiral and dextral strikslip movement along the Benue Trough

and the CASZ respectively.
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2.2:(a) Proposed stagesn the tectonic evolution othe BenueTrough

involving active mantle upwelling (after Olade, 1975). (b) Sketch mafhef
Gulf of Guinea area in the Early Cretaceous with the Lower Benue Trough
floored by oceanic crust (after Burle¢ al., 1971, 1972). (c) Lithospheric model

for the WCARS basins involving extension and passive upwelling (after Fairhead,
1988b).

TECTONO-SEDIMENTARY EVOLUTION OF THE LOWER BENUE
TROUGH

The Lower Benue Trough extends roughly as far north as a line running through

Makurdi and along the course of the KatsAla River. The line corresponds to the

nGb

Lower

oko |l ineo of ¥shwhithetme gprSanf{odia® &lébgcentaes of dhe

and Middle Benue Trough are offset (Fig. 2.3).
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2.4.1 Tectonic Evolution

The tectonic evolution of the Lower Benue Trough was controlled by three major
tectonic phases (Murat, 1972). The first phase mented during the Albian and is
characterized by movements along major-8M trending faults resulting in the
formation of the riftlike Abakaliki-Benue Trough. To the northwest, the limit of the
basin was the BeniBenue Hinge Line (fault zone) beyond wii no preUpper
Santonian sediments have been reported. Between the hinge line and the Abakaliki
Trough, shelf deposits were laid down on the Anambra Platform. On the Calabar Flank,
sedimentation was governed by major SE trending faults.

The second phas&pper Santonian to Lower Campanian) was characterized by
compressional movements along the establishecsWEtrend which resulted in folding
and uplifting of the AbakalikBenue Folded Belt. The Abakaliki uplift coincided with
the subsidence of Anambra Btam and the axis of the basin was displaced to a position
SW of the Benue Folded Belt and NW of the Abakaliki Uplift. A new structural unit, the
relatively shallow Dahomey Embayment appeared to the west of the Benin Hinge Line as
a result of an active N#SSW fault system. With the onset of the Abakaliki folding
phase, a large number of intermediate to basic intrusions occurred accompanied by lead
zinc mineralization (Farrington, 1952).

The third phase occurred towards the end of the Eocene. Periodssiohesnd
nondeposition during the Middle and Upper Eocene were experienced in the eastern part
of the Niger Delta downdip of the Abakaliki Plunge and the Calabar Flank whereas a
large deltaic complex was deposited in the downdip Anambra Basin. Thes&eposi

movements of blocks bounded by MV and NWSE trending faults, preceded the
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subsidence of the Oligocene and Younger Niger Delta Basin along th&ENWdult

trend.
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Figure 2.3: Geological map of the Lower Benue Trough region and adjoanegs.
(1) Cenozoic basalt (2) Nsukka Formation (3) Ajali Sandstone (4) Mamu
Formation (5) Otobi/Ekeh Sandstone (6) Enugu Shale (7) Owelli Sandstone (8)
Afikpo Sandstone (9) Nkporo Shale (10) Agbani Sandstone (11) Awgu Formation
(12) Makurdi Formatio (13) Agala Sandstone (14) Amaseri Sandstone (15) Eze
Aku Formation (16) Keana Sandstone (17) Awe Formation (18) Asu River Group

(19) Mamfe Formation and lateral equivalents (20) Precambrian (after Zaborski,
1998).

2.4.2 Sedimentary Evolution and Statigraphy
The sedimentary fill of the successive basins was controlled by tectonic events

and by epeirogenic movements which resulted in major transgresgiressive cycles.
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Murat (1972) identified four Cretaceous cycles of transgression and regressios

Lower Benue Trough namely Middle Albian to Cenomanian, Early Turonian to Middle
Turonian, Late Turonian to Early Santonian and Late Campanian to Maastrichtian. These
cycles display a remarkably constant depositional pattern. Shales were depogigd in
structural depressions whereas sl{ehallow watercarbonates developed on submerged
structural highs protected from clastic influx during the transgressive phases. The
regressive phases are characterized by extensive deltaic sediments, fillsudpguéng
basins and by fine clastics deposited over the structural highs.

Murat (1972) described p#lbian deposits in the Anambra and Calabar areas as
Abasal gritso. I n the Ogoja area, Uzuakp
described arkosic cormgherates overlying the basement complex as the Ogoja
Sandstone. According to Benkhetil al. (1989) similar deposits recorded east of Gboko
are believed to be lateral equivalents of the Mamfe Formation of the Calabar Flank and
Mamfe Basin.The sedimentatn in the Gboko area started with the clastic continental
deposits of the Agyaku Sandstone from Aptian to Middle Albian (Najime, 2(Fi@)

2.4).

The Mid-Albian to Late Cenomanian transgressive phase which resulted from
subsidence within the trough andstitic sea level rise coincided with the global sea
level rise (Kominz, 1984) and deposited the first marine sediments known as the Asu
Ri ver Group (Simpson, 1954) . The Asu Ri v
deposited on the Calabar Flank (Murat, 1972he Gboko Formation, Akpagher
Formation, lkumbur Limestone and Mayange Limestone were deposited during the

Middle to Late Albian.The transgression was followed by a regressive phase in the Mid
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Cenomanian during which the Gbemacha Sandstone and theaNSargistonavere
deposited(Najime, 2010) The Albian sedimentation was accompanied by igneous
activity, such as in the Wanakum Hill area and the Mt. Ikyuyen rhyolitic dome in the
Gboko area associated with NV trending rhyolitic dykes.

The Late Cenomaan to Lower Santonian succession was deposited during the
second cycle of marine transgression. Murat (1972) recognized two cycles of
sedimentation separated by a middle Turonian regression. Simpson (1954) referred to
these sediments as the Lower P41 Shal es and a-Ndé&appeh SWavlge
whereas Reyment (1965) and Mur at (1972) r
AEzeaku Shale Groupo respectively. Reymer
Turonian and the latter as Upper Turonian to Coniawdh the Makurdi Formation
representing the middle part of the Turonian. According to Simpson (1954), thkE&ze
Formation consists mainly of hard, flaggy, dark grey to black calcareous shales and
siltstones with minor sandstones and the Awgu Format@anlynbluishgrey shales with
intercalated finggrained sandstones and thin shelly limestones. Petters and Ekweozor
(1982) proposed Nkalagu Formation for the Cenomanian to Santoniadistestne
minor sandstone succession in the Lower Benue Trough alethg the Amaseri,

Makurdi, Agala and Agbani sandston@#is unit madeup the Cross River Groufhe
TseAgberagba SandstoramdLessel Sandstonsere alsadeposited during ik interval
(Late Cenomanian to Turonip(Najime, 2010).

The Campandaastrichian cycle began with Late Campanian transgression

during which the lower parts of the Nkporo Shale and its northerly lateral equivalent the

Enugu Shale were deposited in the Anambra Basin, Afikpo Syncline and the Calabar
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Flank (Zaborski, 2000). A regressiphase in the Anambra basin, deposited the Mamu,
Ajali and the Nsukka Formations of Reyment (1965), Murat (1972) and Petters and
Ekweozor (1982).

The final transgression occurred during the Late Paleocene. During this event, the
Imo Shale was deposited the Anambra Basin and eastern Benin Basin. A subsequent
prolonged regressive phase is represented by the Ameki Formation and the Eocene to
Recent Niger Delta.

Several lithostratigraphical subdivisions for the Cretaceous rocks of the Lower
Benue Trough ha been proposed by Simpson (1954); Reyment (1965); Murat (1972);

Petters and Ekwezor (1982); Agagiual.(1985); Agumani{1989) and Ojoh (1990) (Fig.

2.5.
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CHAPTER THREE
METHODOLOGY
3.1 DESK STUDY
The desk study involved 4depth andextensive review of previoysublishedand

unpublished works on the area of study.

3.2 FIELD MAPPING

The first phase of the field mapping involvegtonnaissance surveyhich was
carried out in order to have a broad overview of the geology of the area on a scale of
1:50,000Areas of intereswith respect to baryte mineralizatiorere delineated from the
reconnaissance survepdmappedon a scale of 1:10,000he area was traversed via the
major roadsfootpaths and stream chann&dobal positioning system (GP$)as used to
locateoutcrogs in the area Compass clinometer facilitated traversing and was also used
to take &rike and dip measurement$ the various lithologied_inear measurements were
taken with the aid of meter rule. Rosamplesverecollectedfrom the outcropsvith the

aid ofahammerand examined usingand lens.

3.3 LABORATORY SAMPLE PREPARATION AND ANALYSIS
3.3.1 Petrographic Study

Barren granitic rocks, mineralized rocks and basdenples obtained from the
study area were prepared into thin sectitmsinderstand their mingiogical variation.
This was carried outising the Meiji transmitted light microscope at the Thin Section

Laboratory, Department of Geology, Ahmadu Bello University, Zaria.
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3.32 Geochemical Analysis

A total of twenty (20 selectedsamples were analyse@hree (3) representative
samples of baryte anseventeen ()7rock samples were pulverizeéd 1150 € min a
tungsten carbide mill at the Department of Geology, Ahmadu Bello University, Zaria.
The samples were thereafter packagedteatsported to Acme Labatory, Vancouver,
Canaddor wholerock analysis ofmajor oxides andrace elementsrhe majoroxidesin
the sampleswere analysedusing Inductively Coupled Plasma Atomic Emission
Spectrometry (ICFAES) following a lithium borate fusion and dilute acig@stion of a
0.2 g sample pulpTrace element analyses requiredy of sample pulsubjected to
lithium borate decompositiofor rare earth/refractory elemerdad aquaegia digestion
for base metalsising Inductively Coupled PlasnMass Spectrometryy@P-MS) to give

total abundances.

3.3.3 Geotechnical Studies

In order to ascertain the quality, baryte samples from Lédbabwa, Bunde and
Ihugh areas were subjected to three distinct geotechnical tests namely density, moisture
content and uniaxial compmge strengthat the Concrete Laboratory and Soil Mechanics

Research Laboratory, Department of Civil Engineering, Ahmadu Bello University, Zaria.

Moisture Content Test
Thethreesamples were first weighed and oven dried at a temperature €110
Thesesamples were removed after 48 hours, cooled at room temperature and weighed

using a D and G JJ3000 Electronic Scale. The process was repeated until a constant
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weight was attained. The moisture content of each sample was calculated using the

following equaton:

%W = (A1 B)100 = Weight of waterx 100
B

Weight of dry sample
Where:
%W - Percentage of moisture in the sample
A - Initial weight of sample (wet sample in kg)
B - Final weight of sample (dry sample in kg)

Densityand Specific Gravity

Baryte samples were cut into rectangular blocks (cuboid) and the length, breadth
and height of the each baryte block measured with a vernier caliper. Each block was then
weighed on the D and G electronic scale and the desnity caltulEte density of each
sample is calculated as the mass of a material per unit volume.

Density = Mass of sample (g)
Volume of sample (cf)

Where: Volume = length x breadth x height
The specific gravity is therefore derived by suising the density values into the

specific gravity formula.The specific gravity is a dimensionless unit defined as the ratio
of the density of a substance to the density of water at a specified temperature.
Mathematically, this can be written as:

Specifc Gravity = Density of sample
Density of equal volume of water

Where:
Density of water = 1g/cfrat 4°C
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Uniaxial Compressive Strength (UCS) Test

Uniaxial compression test is a conventional method often used to iratedting
strength, deformation behavior and failure characteristics of materials, including rocks
(Yanget al.,2012).

Sample preparation and test procedure follow the methods prescribed by the
American Society for Testing and Materiég@&andards (ASTM D704, 2007) and the
International Society for Rock Mechanics (ISRM) (Brown, 1981).

The rock samples were cut into regular rectangular block and compressed by the
Denison Compression Testing Machine model TIB/MC 29206 with capacity of 2500 kN
(Plate 11} The sample was loaded axially under a constant stress until failure occurred.

The postfailure characteristics were observed and recorded.

k|

g L Y
Y = |
% Baryte sample
e
o

Plate II:Uniaxial compressive strength testing of baryte block using the Denison
Compression Testing Machine
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Uni axi al C 0 mp roevas daleultedsas theefailgre Ibad (P)idivided
by the initial cross sectional area (A) of the sample. This can be written mathematically

as.

CIC =P (kN)
A (mm?)
kN - KiloNewton

3.3.4 X-Ray Diffraction Analysis
The X-Ray diffraction technique wasn®loyed to identify the mineralogical
componentsof the baryte samplesusing the Empyrean-say diffractometerand was

carried out at Nigerian Gsoience Research Laboratorikaduna.

3.4 DATA HANDLING AND PRESENTA TION OF RESULTS

Data derived from field work and laboratory analyses were subjected to statistical
analysis using statisticalmapping and geeanalytical computer softwasenamely
Microsoft Excel,Minitab, Rose NetSurfer,Petrograph and Geochemical Datol Kit
(GCDKIit). The results obtained wepgesented as tables, figures, plates iatelpreted

based on geological knowledge.
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CHAPTER FOUR

RESULTS
41 INTRODUCTION

The area of study isovered by Cretaceous sediments mainly sandstands
underhin by basmert rocks consisting ofiranites and gneissSandstones make up about
90% while gneiss and grangeonstituteonly about10% of the rocks in the arg#ig.

4.1). Macroscopic and microscopic descriptions, structural characteristics and field
relationships geochemical variation of these rocks / baryte veins as well as geotechnical

attributes of barytes in this araeepresentedn the following sections.

4.2 BASEMENT ROCKS
4.2.1 BandedGneiss

Exposure obanded gneiss poor and it igeneally observed in mining pits. The
banded gneisss exposed at Mbato@nd Bundeand for the most part is greatly
weatheredOutcrops of this rock are oriented predominantly in a-S®&/ direction. In
hand specimen it isnediumgrainedwith minor mafic/felsiclayering, which confers
weak foliation on the rock. The foliation is defined by streaks of biotite having narrow
bands of about 0.1 cm. The quartz andeKispari rich streaks have wider thickness
between 0.2 cm and 0.3 crQuartz is observed in the bawdgneiss as subhedral
colourless crystals exhibiting undulose extinction and conchoidal fracture (Plate III).
Plagioclase is cloudy forms subhedral grains and displays polysynthetic twinning.
Conchoidal fracture filled with well formed intergrowths of quatan be observed in

most parts of the section.
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Alteration of plagioclase to sericite is observed in the central and top right part of the
field of view. Biotite is pale brown in colour and also exhibits pleochroism from pale

brown to dark brown. It has moderate relief, the crystals are elongate and subhedral

exhibiting one directional cleavage.

(b)
Plate Ill: Photomicrograph of banded gneiss from Mbatoo area in (a) plane polarized
light (PPL) and (b) crossed polariddight (XPL) (Q-Quartz, PPlagioclase, B

Biotite)
4.22 Granite

Medium graineemuscovite ganite was observed in a mining pit at Bunde
northwest of Lessel. The granitic rocks are highly fractured, trendir§WEand dipping
10° to 5CE (Plate IVa). Tk rock ismediumgrained pale grey to whein colour largely
due to the abundance of quartz and felsic mineralscdaese grainediotite-muscovite
granite exposure at Mbaakase (southwestern part of the study area) is a low lying dome

shaped outcrop anit is coarsegrainedin texture. For most part, it is covered by the

Mtema stream (Plate IVb). The granite exposatréAkaajime gouthwest of Ihughis
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mediumgrained trending NWSE andis grey in appearance due to the presence of

muscovite.

e et — b. '
Plate IV: (a) Granite exposure at Bunde (N°@¥28.1", E 00%1'34.9") (b) Granite
exposure in Mtema stream channel, Mbaakase {B0J30.3", E 00%8'40.8").

The coarse grainediotite-muscovitegranite at Mbaakase is composed mainly of
guartz (40%)plagioclase (30%), microcline (5%) while biotite and muscovite constitute
about 107 15%. Quartz forms colourless anhedral crystals and exhibitsumiform
extinction. Subhedral crystals of quartz occur as intergrowths in plagioclase (Plate V).
Plagioclas is observed as subhedral grains some of which are fractured and also show
well developed polysynthetic twinning. Microline is seen to occur as interstitial grains
around plagioclase feldspars and quartz. Tartan twinning is also exhibited by microcline.
The pale green colour of muscovite stands out in relief relative to quartz and plagioclase.
One directional cleavage is well displayed in the muscovite crystals. Slight alteration is
noticed along the rims of the muscovite crystals binefringencecoloursof pink and

blue are common in crossed polarized ligkPlate 1X). Biotite appears pale brown in
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colour with pleochroism from pale brown to yellowish brown. Alteration in biotite is
observed along the crystal edges leaving greenish patches of chlorite.

In thin section, the granitt Akaajimeis composed of quartz (30%), plagioclase
(30%), muscovite (20%) and orthoclase (10%) (Plate VI). Quartz is colourless,
polycrystalline, cracked and exhibits wavy extinction. Plagioclase is subhedral and
lamellar twiming is common. The section shows alteration of plagioclase to sericite and
black blebs of opaque mineral enclosed in plagioclase. Orthoclase is euhedral to
subhedral in form, cleaved in one direction and displays carlsbard twiMusgovite is
pale grea in cdour underplane polarized light. It is subhedral to euhedral in shape with
perfect cleavage in a common direction. In crossed polarized light it shmfisngence
colours of dark green, blue and pink. (Plate VI).

The granite from Mbatoo is ogposed of quartz (40%), plagioclase (35%),
microcline (10%) muscovite %), biotite (5%) and opaque mineral§3%). Quartz
crystals are subhedral and exhibit undulose extinction. Plagioclase is cloudy, subhedral
with poor relief and intergrown with quartt.is slightly altered and exhibits lamellar
albite twinning. Microcline is subhedral with its characteristic cteash twinning.
Muscovite ispale greenin colour, anhedral in shapeith onedirectional cleavage.
Biotite appears green in colour, pleagie, with moderatéigh relid and characteristic
cleavagesThe edges of some of the biotite crystals have been altered to chlorite (Plate
V).

Based on the textural characteristics and mineralogical composition, the granite in
the study compriseof medium-grained muscovite granite andoarsegrained biotite

muscovite granite.
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(a (b)
Plate V: Photomicrograph @barsegrainedbiotite muscovite granite from Mbaakase in
(a) PPL and (b) XPI(Q- Quartz, PPlagioclase, MMicrocline, B-Biotite, Mu-

Muscovite)

(a (b)
Plate VI: Photomicrograph ahediumgrainedmuscovite granitat Akaajimein (a) PPL
and (b) XPL(Q-Quartz, PPlagioclase, MtMuscovite)
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CA b

Plate VII: Photomicrograph ahediumgrainedmuscovitegranite from Matoo in(a)
PPL and (b) XPL(Q- Quartz, PPlagioclase, MMicrocline, Mu-Muscovite B-
Biotite, Opaque minerals

4.23 Pegmatite
A pegmatite vein trending NBEW is exposed along Mbason stream channel

(northwest of lhugh) where it intrudabe mediumgrainedmuscovite granite It is

weathered (the feldspars have been altered to clay) and fraduwedovite flakesand

large angular crystals of quartz of abouit@ cm wide are very common (Plate VIII).

Plate VIII: Pegmatite veialongMbasonstrean channe(N 07°00'48.3",
E 009°01'22.4").
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4.3 SEDIMENTARY ROCKS

The Cretaceous sediments comprising of Lessel Sandstone, Ezeaku Formation
and Makurdi Sandstone is collectively called the Cross River Group. The Cross River
Group (Late Cenomanian to BaiSantonian) was proposed by Petters and Ekweozor
(1982) to include shales, limestones and sandstones previously assigned to the Ezeaku
and Awgu Formations and marginal intenguing regressive sandstones such as the
Makurdi, Agala, Amaseri and Agbani frations of Murat (1972), Offodile (19Bpand

Banerjee (1980).

4.3.1 Sandstone

The study area i s covered inwhclaisge pa
Turonian in age Najime (2010) described the Lessel Sandstone as poorly bedded
conglomeratic sarsones outcropping along River Nienga near Abuul and extending
eastward to Lessel Town and southwestward to lkyobo and Agbeedesanaiwest of
Gbokg. The sandstones consist of angular to rounded pebbles of mainly polycrystalline
quartz scattered in matrix of coarse to mediwgrained sand and clay. The sandstones
are whitishin Lessel area and laterally change to reddish or brownish varieties
(ferruginous sandstones) towards Ikyobouhwest ofGbokq.

The sandstonbed northeasiof Mtema streanis fine grained reddish brown in
colourcomprising basically ofjuartz, iron oxides anchicaeous minerals. The sandstone
bedstrend NE-SW with near vertical dimlongthe Mtema stream(Plate Xa). Thick

sandtone beds arebserved suthwest of the Mtemareamdipping 40W.
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IateIX: (a, ~ Sandstonegexposurmrtheast of Mtema streafdash lines show beds
with vertical dip)(N 07°00'33.8", E00&8’55'43.0").

An exposure of the sandstonbserved in a drainage channekthwest of lhugh
alongMbaon streamhas been affected by various degree of join{lg-SW andNW-
SE joint sets) and as a reshéis beershattered into medium to large angutediesof
rock (PlateX). The sandstone mediumgrained rusty brown in colour witlabout50%

quartz.

PlateX: Sandstone exposurag Mbasonstream northwest ofhugh (N07°00'42.2",
E 00901'25.6").
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An outcrop of the sandstone was observed along the Ajun Stream channel. The outcrop is

fractured and fragmented into thick massive boul¢felasteX1).

g‘,,' s 1 ‘:Q.{\ e 0 J

a

Plate Xt Massive boulders of sandstone at Ajun streard{100'45.5", E009°02'02.9").

At LesselMbagwa the Lessel Sandstone appeegddsh-grey in colour. The
topmost layer isnediumgrainedcomposed of angular fragments of quartz. In cahtra
the bottom layer is fine tmediumgrainedwith reddishbrown tint. In hand specimen,
the sandstonés composed predominantly afuartz (>40%), feldspars (20%)micas
(10%)and ironoxides (10 - 15%). The feldspars are alteredtclay minerals

Thegritty andfriable nature of the sandst@did notallow thin sectionstudiesto

be carried oubn them.

43.2 Shale
Shaleoutcrops in astream channaouthwest of Kaskhasa NW-SE trendand dip
of 12° E. It is thinly laminated and intercalated with sstathe(Plate XI). The shale is

very fine grained, fissile and appears dark grey to greenish brown in colour.
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"\ ¢ﬁ‘}%’.%&‘~ FAR. “
Plate XI: Outcropof Shale(in-betweerdash linespat Kase, nrtheast othugh (N
07°00'45.0", E00902'02.9").

4.4 QUARTZ VEIN

The quartz vein crosscuts the Lessel Sandstone at LesBdlagwa about 50
meters to a baryte mining pit (PlatéllX The exposed portion of the vein is about 9.1 m
in lengthand 3.0 mwide. It is massie, highly fractured and trends NMW-SE direction
In handspecimen it apgars glassyyhitish to bluish grey in colour with a tint of red.

In plane and crossed polarized light, the crystals of quartz are submicroscopic and
indistinguishable from one another. In a higher magnification (X100) boundaries of some
guartz crystals are partially visible and the crystals appear compact. This character
sugeests that of cryptocrystallinguartzthat iscrystals that are too small to [wentified
with the microscopeThe most distinct feature of the quartz vein is thesgmee of
numerous micrdractures although; there are other mifnactures which are
perpendicular to the formeFfhese microfractures are infilled with opaque minerals likely
to be iron oxide. Under crossed polars, the crystals display a Haistfoingence colours

of pink-blue-green to blue (Plate XIV).
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Plate XlI: Quartz vein {n-betweendash
009°00'59.4").

(b)
Plate XV: Photomicrograph of quartz vemock from LesselMbagwa areda) PPL ad
(b) XPL (Q- Quartz Mag. 40)
45 LATERITES
Laterite is a residual ferruginous rowkhich occurs in most parts of the study

area.lt is particularly widespread in the western half of the area. It is reddish brown in

colour, hard and sometimes appearshgaand porous.
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4.6 SUPERFICIAL DEPOSITS

Superficial deposits are unconsolidated soil cover or regolith derived from the
weathering of the underlying bedrock. Sandstone regolith is loose, pebbly contairing sub
rounded to angular pebbles of quartz abolt 05 cm and has been affesd by

laterization giving itareddish colouation

4.7 STRUCTURES
Structuresn the study area comprigé joints and faults majority of which have a

NE-SW trend (Fig. £a, b (Appendix VII). Other minor trend direction ISW-SE.

4.7.1 Faults

The qartz vein at LesseMbagwa (Plate X/) is characterized by intensive
degree of fracturingvith visible fault surface The mediumgrained muscovite granite at
Bunde hasbeen affected by\NE-SW trending sinistral strikeslip fault (Plate VIII). A
minor shift ofsandstone lamina in shad¢ Kasetrending NWSE shows a vividdextral

displacement of about 4 cm (Plate KV




b. S

Figure 4.2: Rose diagram showing the general structural trend of joints in (a) granitic
rocks (b) sednentary rocks

ity o SHWRY.h s
A /£ ‘f;'i\- AL

Plate X: Slickenside surface on quartz vein@®07'58.2", E009°00'59.4").
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Plate XVI: Sandstone lamina ihae at Kase, northeast of Ihugh displaced by a fault

(N 07°00'45.0", E 00%02'02.9").
4.7.2 Joints

Joints are fractres thatcut acrossa rock and do not show any discernible
displacement of one side of the fracture relative to the other. The-auriteg joint
systemwith NE-SW and NWSE trendsis particularly intense in the quartz vein (Plate
XVII). The outcropsof sandstoneat Mbason and Ajur{presicely atN 07°00'42.2", E
00901'25.6" and N (°00'45.5", E 00%2'02.9" respectively are fractured by NESW
trending joints The former isbrokeninto small rock fragmentéPlate|V) andthe later

into thick massive boders(PlateV).
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Plate XMI: Crosscutting joints in quartz veiat LesseMbagwa(N 07°08'00.5",
E 009°01'03.2").

4.8 BARYTE MINERALIZATION

Severalbarytemining pits are scattered over the study arBae vein system is
guided by fractures andint patterns in the country rocks trending NESW in addition
to the minor veins characterized by NWSE trend Baryte is thehe primary ore mineral

while galena and sphalerite are minor minerals.

4.8.1 Field Occurrence
4.8.1.1 Ihugh Area
Baryteoccurs as thin whitisNNE-SW trendingensesand varies in thickness from
0.57 1 cmwithin the ferrugenised.esselSandstoneverburden(Fig. 4.3) The lenses
can be traced from pit to ppinching in and out of thevall-rock over a distance of about
30 meters (Plate XWI). The lateritic sandstone overburden has concealed these
mineralized zones. At greater depth (greater than 3 meters), baryte appears much clearer

and densethe reddish tint observed on the baryte and surrounding host rock is due to
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the presence of iromminerals typical of sandstones in the ardaryte in this area is

massivecleavedand appears yellow colour.

Plate XMII: Baryte mineralization at TarzoHdbaakase, lhugh (86°59'53.6",

E 00859'35.2").
4.8.1.2 Lessel Aea

Thehighest concentration dfarytemining pitsare located in Lessel ardaessel
Mbagwa, Bunde and Mbatae the focal pointdMining in this area is both manual and
mechanized as major mining pits have reached depth greater than 40 Atetersse)
baryte mineralizatioroccurs within thebanded gneissnd in thelLessel Sandstone.
Baryte veins trending NSW anddipping 65° E at LesseliMbagwa are hosted in the
sandstones whereas at Bunde and Mhataobaryteveins arehosted bybanded gneiss

(Plag XIXb) (Fig. 4.3)
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Baryte lense
Weathered sandstone overburde

Lessel Sandstone

Baryte vein

Basement (banded gneiss)

Figure 4.3 Idealized vertical sectioof barytemineralizationin basement, sandstone and
weathered overburden iressellhugh area

Plate XX: Baryte mining pit in Basement GneisBainde(arrow shows the vein

trend)(N 07°09'28.1", E009°01'34.9").

At Lessel Mbagwa, the host sandstone appears to have been altered as it displays
gradational chages in colour varying from pink to white andgreen In hand specimen,

the sandstonbasgreater peentage of micas aneds of quartzfeldspars. The major
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barytevein exposed in a mine pit cuts through thesselSandstonand stretches over
length of over 150 m. Baryte mineralization is widespread in this area and oc®s as
SW fractureinfilling. Smaller veins havenaaverage width of about 1t8 2.2 cmand
larger veins about 8to 4 m A thick fractured quartz vein (PlatelX) trending NWSE
cuts across the former NEW trend of sandstone and baryte veilreadzinc suphide
veins with an average width of 2 chavebeenobserved in the sandston&aryte in
LesselMbagwa area occur as bladed to tabular compact masses and appedriseoff
with reddish tint.

At Bunde and Mbatodbaryteveins arehosted inthe baadedgneiss (Plate XX
The bandedgneiss is more densmassive and pale green to slightly dark green in colour

than a typical gaissic rock.

Plate XX (a) Vertical baryte vein itbanded gneisat Bunde(b) Baryte vein inbanded
gneisg(notice the pale green colour of the host rock)

This colourationof the banded gneiss an indcation of waltrock alteration while the
foliated character appears to be masKéw: length of the larger vein is about 10200

m. The minor veinfiowever,have an average width of 4.20 cm, thickness of 15 cm
with a nar vertical dip. Veinlets are also common having an average width of about 0.4
cm. Medium sized vugs are common in the veithese vugs presensuitable
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environment for the development of external crysthigalena, sphaleetand iron oxide
(Plate XXI a, b). Baryte in this area is massjveleavedand appearswhite in colour.

Though its colour may also vary from white to grey depending on whether baryte is

intermixed with sulphide ores (PbS, ZnS).

Plate XXI: (a, b)Vug in baryte sample from Bumdwith shiny black crystals of galena,
greenishyellow coloured crystals of sphalerite and reddish grains of ioaide

4.9 MINERALOGICAL AND PETROGRAPHIC CHARACTERISTICS

Barytes fromLessellhugh areais denseand composed dhbularcrystals(Plate
XXIl a, b, 0. It is clear white to pinkish white in coloyPlate XXIl a, b, c) The
deviation in colour from clear white is probably due to incorporation of iron in the lattice
structure of baryte. Xay Diffraction (XRD) was used to identify and chadeaze the
mineralogical forms of baryte and the associated minerals. The result obtained shows that
baryte pattern masks the weak lines of the small amounts of the associated minerals. It
however reveals thajuartz isthe major associated mineral preséppendix HiII).
Galena occurs as small cubic crystals or tiny grains in vugs as recorded in the baryte from
Bunde (Plate XXI a, b). Sphalerite occurs as patchy coatings in vugs associated with iron
oxide and galena. Its colour varies from pale gregreliow and is not as widespread as

galena (Plate XXI b).
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C.

Plate XXII: Photographs of baryte samples from (a) Letegwa (sample NMib)
Bunde(sample NO5) (c) Tarzohblbaakase, lhugh (sample NQZ2) (d) ayjadena
from LesselMbagwa.

The barytemineralizedbanded gneiss a mediumcoarsegrainedrock (Sample
NO3) composef plagioclasg40%), quartz(30%) and opaque minera{d0%). Coarse
grained plagioclase crystals are embeddedn equigranular plagioclase and quartz
groundnass (Plate XXl). The pagioclasecrystalsexhibits lamellar twinning andre
slightly alteredin some placedo sericite Baryte mineral constitutes about@®%6 and

occurs as colourless tabular or lath shaped crystals
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Plate XXII: Photonmicrograph ofbarytemineralizedbanded gneisffom Bunde area in
(a) PPL and (bXPL (Q-Quartz, P PlagioclaseBa Baryte, O Opaqgue minerals)
Optical analysesf the barytemineralizedbanded gneis€Sample NO2)evealed

that plagioclase crystalare pale white anhedralin shapewith irregular cracks (Plate

XXIV). Intergrowth and inclusionf quartz arecommonin some of thdarge crystalof

plagioclase In plane polarized lightwhitish to pale green euhedradystals of epidote

with moderate reliefvere observed By contrasthe crystalsof epidoteexhibit pinkish-

blue third order birefringencecoloursin crossed polarized lightEpidote is cracked

having numerous crossutting micrefractures. Thenicro-fracturesare characteristic of
rocksthat hae been affectedly intense tectonism. Opaque minerals appear as swarms of

micro-veins whichcut throughquartz, plagioclase and epidatgstals(Plate XXV).

A section of baryte veinutting throughthebanded gneisshowsmediumgrained
quartz and batg crystaldn fine grained matrix oplagioclase, quartz, biotite and opaque
mineral (Plate XXV). The right hand field of vievgtretching from top to bottonm both
plane and crossed polars shows subhedral blquksdizgrains Quartz hasloudy to pale

brown colour, subhedral crystals withladededges and exhibits undulose extinction.
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Plate XXN: Photomicrograph obarytemineralizedbanded gneiskom Bunde area in

(a) PPL and (b) XPI(E-Epidote, GQOpaque mineral)
The contact betweerugrtz and baryte crystals show interference colours of yellewish
brown and pink (PlatXXV). Baryte crystals bordering the bladed quartz crystals also
appear to be well formed but straingusindicating that it has been subjected to stress
(Plate XXV b) The early stage baryterystals at thaupper region of the section are
cleaved andnicro-fracturesare also evidenBaryte crystals (that is the late stage baryte)
at thelower region of the section appear colourless, with low to moderate relief and
exhbit onedirectional cleavage in plane polarized light. In crossed polarized light,
outlines of individual crystals are visible and the contact between each crystal appears
sharp giving it a compact outlookhe crystal form) size and contact relationship
between quartand baryte indicate thétereareat least two stages of crystallization of

baryte.
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Plate XXV: Photomicrograph obarytemineralizedbanded gneisffom Bunde area in
(@) PPL and (b)XPL (Q-Quartz, Ba(eEarly Baryte, Ba(l)-Late Baryte, O
Opaque mineral).

Another viewof the section in crossed polarized light shawell developed
granoblastic textur®f baryte and quart¢gPlate XXM b). Quartzis colourless having
subhedral to euhedral crystalhe noruniform shadowyextinction and strainedature
of quartzsuggests thathe banded gneistas beersubjected taectonic deformation.
Baryte is predominant relative to quartit is cloudy, with clear to unclear crystal
boundaries antias lowrelief in plane polarized lightln crossedolarized light baryte
commonly displays various shadesgoéy. The crystals are well formed, highly compact
and exhibit straight extinctioninclusions of quartzbaryte and opague mineralsare
present(Plate XX\ a, b).The largertabular crgtalsof barytehad enough time to grow
and consequently,exerted some pressure against the quartz grémesefore their

elongate shape (Plate XXVc).
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C.
Plate XXM: Photomicrograph of baryte veiock (a) PPLand (b, c)XPL (Q-Quartz Ba
Baryte, OOpaque mineral)
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4.10 GEOCHEMICAL DATA

The geochemical data comprisimgajor oxides andrace including rare earth
elements concentratian the basement and sedimentary rock samples are presented in

Tables4.1to0 4.6.

Table 4.1: Major oxides composition in granitic rocks from the study area(all values in
weight percent wt. %] except the ratio)

Major Pegmatite Granite Banded Gneiss
Oxides
MGMG* CGBMG"

NJ NI NW1 NX NW2 NT2 NX2 NX3
SiO, 80.9 79.7 8l.1 75.6 75.04 85.5 77.7 74.5
TiO, 0.01 0.01 001 0.2 0.1 0.1 0.01 0.01
Al,O4 11.6 10.6 12 13.9 155 7.1 139 147
Fe,0s 0.6 1.3 0.2 0.4 1.2 2.5 0.7 0.9
MnO 0.03 0.1 0.01 0.01 0.03 0.1 0.03 0.03
MgO 0.1 0.3 0.03 0.2 0.2 0.6 0.1 0.2
CaO 0.03 0.3 0.2 0.2 0.4 0.2 0.4 0.2
Na,O 2.8 4.5 25 2.2 1.7 3.6 3 2.1
K,0 3.7 3.5 4.1 5.9 3.3 0.4 4.2 5.4
P.Os 0.1 0.04 0.1 0.1 0.2 0.04 0.04 0.1
TOTAL 100.00/ 100.00 100.00 98.70 97.4 100.0| 100.0 98.0
Ratio
K,0O/Na,O 1.3 08 1.7 2.65 19 0.1 14 2.6

*MGMG T mediumgrained muscot granite
"CGBMG i coarsegrainedbiotite muscovite granite
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Table 4.2: Trace elemens concentration in granitic rocks from the study area(all values in parts per million [ppm] except the

ratios)
Trace Pegmatite Granite Banded Gness Average
Elements - Granite**
MGMG* CGBMG
NJ NI NW1 NX NW2 NT2 NX2 NX3

Ni 1 1.8 0.4 20 20 10.4 20 20 0.5
Sc 1.6 0.6 0.6 2 2 1.3 1 0.6 5
Ba 132 44 64 787 314 277 806 743 600
Be 2 2 1 3 4 1 3 2 5
Co 29 25 28.7 32 20.7 42.5 40 29 1
Cr 4.4 6.1 4.4 29.2 14.6 29.2 4.4 15 4
Cs 1.7 2.5 3.6 2.5 2.8 0.3 2.1 2.5 5
Ga 21.4 26.4 14.7 22.5 27 7.8 20.9 25 18
Hf 5.1 7.8 11 3.5 1.6 1.6 4.6 2 4
Nb 0.6 2.13 0.4 16.2 10.2 0.3 16.5 12 20
Rb 163 378.9 241.6 313.8 162 14.4 287 195 150
Sn 2.2 4.8 13 4 5 0.4 0.7 0.8 3
Sr 42 4 19 74.7 37.9 108 32 40 285
Ta 0.8 14 0.4 1.2 1.6 0.4 14 11 3.5
Th 1.6 2.1 0.9 22.7 4.8 4.2 18.7 20.4 17
U 0.6 1.8 0.8 3.6 1.8 0.5 3.4 6.1 4.8
\% 2 5 1 8 8 10 8 8 20
W 1863 164.7 187.1 195.6 139.7 200 190.4 195 2
Zr 9.4 28.9 7.7 95.4 36.7 8.9 74 82 180
Y 1.9 3 1.6 6.7 6.9 10.4 7 6.9 40
Mo 0.1 0.1 0.1 0.1 0.1 0.1 0.11 0.1 2
Cu 1.2 2.36 05 0.5 0.1 4.9 0.8 0.3 10
Pb 438 15.3 57.09 22.8 3.2 3.2 30 37 20
Zn 5.4 27.3 2.3 150 3 44.9 131.2 110 40
As 0.2 0.2 0.2 0.5 0.5 0.2 0.5 0.5 15
Cd 0.1 0.1 0.1 0.1 01 0.03 0.1 0.1 nd
Ag 20 0.1 20 0.1 0.1 20 0.1 0.1 0.04
Au 0.1 0.1 0.1 1.3 2.6 0.1 0.1 0.1 nd
Ratios

Ba/Rb 0.8 0.1 0.3 2.5 1.9 19.2 2.8 2.8 0.5
Ba/Sr 3.1 11 3.4 10.5 8.3 2.6 6.6 6.5 4

*MGMG T mediumgrained muscovite granite ACGBMGI| coarsegrained biotite muscovite granite

** AverageGranite (Taylor, 1965) ndi not detected



Table 4.3: Rare earth elemens concentration in granitic rocks from the study area(all values in ppm except the ratios)

Rare Earth Pegmatite Granite Banded Gneiss|
Elements MGMG * CGBMG"
NJ NI NW1 NX NW2 NT2 NX2 NX3

La 3.5 1.9 0.7 28.1 10.7 14.5 26.2 40.3
Ce 8.3 3.8 1.9 62 23.3 29.9 51.1 82.5
Pr 1.1 0.6 0.2 7.3 2.7 3.8 5.25 9.35
Nd 3.3 14 0.8 25 9.9 13.5 17.7 34.1
Sm 0.8 0.3 0.5 5.4 2.3 2.7 3.5 6.3
Eu 0.3 0.1 0.1 0.4 0.2 0.9 0.4 0.2
Gd 0.6 0.4 0.4 3.3 1.9 2.5 2.3 4
Tb 0.1 0.1 0.1 0.4 0.3 0.5 0.3 0.7
Dy 0.5 0.5 03 1.7 14 2.1 11 3.1
Ho 0.1 0.1 0.1 0.2 0.2 0.3 0.2 0.5
Er 0.2 0.3 0.1 0.5 0.5 0.8 0.4 1.4
Tm 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2
Yb 0.1 0.3 0.2 0.5 0.4 0.7 0.4 1
Lu 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
EREE 19.1 10 5.6 134.8 53.8 72.4 109.1 183.7
Ratios

F L R EHFHREE 8.1 4 2.7 18.2 9.8 8.1 20 154
(La/Yb) y 23.3 4.2 2.3 41.6 16.9 13.8 43.7 26.9
(CelYb)y 211 3.2 2.4 35 13.8 10.9 32.5 21
(La/Sm)y 2.7 3.9 0.9 3.2 2.8 3.3 4.6 3.9
Eu/Eu* 1.3 0.9 0.7 0.3 0.3 11 0.4 0.1

*MGMG i mediumgrained muscdte granite

ACGBMG coarsegrained biotite muscovite granite
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Table 4.4: Major oxides concentration in sedimentary rocks from the study area(all values
in ppm except the ratios)

Major Shale Lessel Sandstone

Oxides NF NH NK NN3 NT1
SiO, 77.6 97.2 96.3 73.7 65.3
TiO, 08 0.1 0.1 0.7 1
Al,O3 14.4 14 2.2 13 16.1
Fe,03 4 0.2 0.7 7.0 89
MnO 0.1 0.1 0.1 0.1 0.3
MgO 1.1 1.1 0.1 15 2.4
CaO 0.4 0.1 0.2 0.2 0.7
Na,O 0.1 0.1 0.1 0.1 15
K,0 15 0.1 0.4 3.8 3.7
P.Os 0.2 0.1 0.01 0.2 0.2
TOTAL 1000 100.0 100.0 100.0 100.0
Ratios

K,0/Na,O 15 1 4 38 2.5
SiO,/Al 04 5.4 694 44 5.67 4.1
CIA* 88 80.4 76.69 76.68 73.18
Al,04/TiO, 18.5 207 43.78 19.92 16.04

*CIA - Chemical Index of Alteration
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Table 4.5: Trace elemens concentration in sedimentaryrocks from the study area(all values in ppm except the ratios)

Trace Shale Lessel Sandstone

Elements NF NH NK NN3 NT1
Ni 18.6 1.9 2 40.1 54.5
Sc 10.4 0.8 0.6 19.5 15.1
Ba 822 210 171 857 1097
Be 2 1 1 1 6
Co 14.8 80.7 80.3 30.9 41.1
Cr 146.1 10.2 10.2 146.1 146.1
Cs 3.6 0.3 0.3 7.1 7
Ga 22.1 1.6 2.8 20.8 27.5
Hf 15.2 1.1 0.6 6.3 14.3
Nb 1.91 0.3 0.4 0.1 1.3
Rb 67.1 3.5 12.9 140.3 159.5
Sn 3 0.3 0.1 0.7 3
Sr 327 58 23 12 135
Ta 1.1 0.4 0.1 0.5 1
Th 12.4 2.1 3 3.8 14.6
U 2.3 0.7 0.4 0.6 2.4
\YJ 93 4 5 135 103
W 43 200 200 116.2 323
Zr 61.1 9.9 11.3 2.4 41.3
Y 18.4 4.8 2.3 5.7 44.8
Mo 0.6 0.4 0.3 0.05 0.13
Cu 20.4 1.4 1.7 37.1 7.82
Pb 27.4 5.6 6.2 2625.3 29.0
Zn 37.8 3.1 5.6 301 140.2
As 2 0.2 0.2 0.5 0.2
Cd 0.1 0.1 0.1 0.4 0.1
Ag 22 20 20 22 20
Au 0.1 0.1 0.1 0.1 0.1
Ratios

Th/U 5.4 3 7.5 6.3 6.1
La/Co 2.8 0.1 0.3 1.6 0.2
Th/Co 0.8 0.1 0.1 0.1 0.4
Ba/Sr 2.5 3.6 7.4 71 8.1
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Table 4.6: Rare earth elemens concentration in sedimentary rocks from the study area

(all values in ppm except the ratios)

Rare Earth Shale Lessel Sandstone
Elements NF NH NK NN3 NT1
La 40.7 13.4 8.1 8.8 65
Ce 97.6 29.4 19.3 225 135
Pr 12.9 3.8 1.6 2.8 19.2
Nd 42.9 14.1 5.1 11.4 65
Sm 8 25 0.9 2.3 13.7
Eu 15 0.6 0.1 0.5 37
Gd 6.1 1.9 0.8 2 12.6
Th 0.9 0.3 0.1 0.3 2.1
Dy 4.4 1.2 0.4 1.6 9.5
Ho 0.9 0.2 0.1 0.3 1.8
Er 2.1 0.4 0.2 0.8 3.8
Tm 0.3 0.1 0.1 0.1 0.6
Yb 1.9 0.3 0.1 0.6 3.1
Lu 0.3 0.1 0.1 0.1 0.5
EFREE 220.5 63.2 36.5 54 3356
Ratios

¥ L R EFHREE 11 12.9 23.3 7.7 7.9
(La/Yb) 13 27.1 49.1 8.9 12.7
(La/Sm)y 2.8 2.9 4.9 2.1 2.6
(Gd/Yb)y 2.6 5.1 6.4 2.7 3.2
Eu/Eu* 0.7 0.9 0.4 0.7 0.9

411 GEOCHEMISTRY OF BASEMENT ROCKS

The oxides composition athe granites shows that Si@aries from 75 to 85.9.

%, Al,Oz ranges from 7.1 to 15.&t. % while the concentration of K&s;, MgO, CaO,

NaO, KO, P.Os and TiQ varies from @ to 2.5wt. %, 0.03 to 0.6wvt. %, 0.03 to 0.4wt.

%, 1.7 to 4.5wnt. %, 0.4 to 5.9 wt. %, 0.04 to Ovzt. % and 0.01 to 0.%t. % respectively

(Table4.1).

In the gneissic rocks, the average concentration of iSi@bout 76.1wt. % and

14.3wt. % for Al,O3; while average concentratioof Fe,03, MgO, CaO, NgO, K;O, P.Os
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and TiQ are0.8wt. %, 02 wt. %, 0.3wt. %, 2.5wt. %, 4.8wt. %, 0.1wt. % and 0.01wt.
% respectively.

The total alkaksilica (TAS) plot is a useful tool for classification of igneous rocks
and for distinguishig between two types of magmatic serid&aline series anaalc
alkaline/holeiitic seriesThe analyzedacks plot within the calalkaline/tholeiiticmagma

series (Fig. 4).

15

- Alkaline

Transalkaline

10

Na,O +K,0

- Explanation
Calcalkaline +Tholeiitic 4 MGMG

+ CGBMG

< Banded geiss

60 65 70 75 80 85

Si0,

Figure 4.4: Total alkaltsilica plot of granites handed gneisacluded)in the area (after
Middlemost, 197) [MGMG i mediumgrained muscovite granite, CGBMG
coarsegrained biotite muscovite granite]

Alumina saturation is based on comparing the mole proportions (mole proportion =

weight percentagef @mxide/moleclar weight of theoxide) of the alkalis to alumina in the

rock. In order todeterminethe petrogenetitrait, the samples were plotted on an A/CNK
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versus A/NK (where A/CNK = molar AjJO3/ [CaO+NaO+ K,O] and A/NK = molar

Al,0O3/ [Na,O+K,0]) diagram of Maniaand Piccoli (1989]Fig. 4.)
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<y Banded geiss
i ]
o T T T T T T T

g5 oy 09 114 13 15 17 149

AJCNK
Figure 4.5: A/ICNK versus A/NK plotof granites banded gneisgcluded)in the area

(after Maniar and Piccoli, 1989)[MGMG 1 mediumgrained muscovite granite,

CGBMGT coarsegrained biotite muscovite granite]

The ganitic rocks plot within the peralkaline and peraluminous field.@.5). The
granites are peraluminous whileediumgrained muscovitegranite (I) appears to be
slightly peralkaline. An overall peraluminous character is inferred from the A/NK and
A/CNK ratios.

The plot of SiO, against AJOz NaO, KO, MgO, CaO, Fg3, P,Os and TiQ is
usedas anindex of differentiationThe plot shows that SiJs negatively correlated with
Al,03, K70, CaO, RBOs while NgO is positively correlated Fe&Os;, MgO shows bth

positive and negative correlation with Si@hereasriO, shows no correlatio(Fig. 4.6).
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Figure 4.6 Bivariate plot of SiG, (wt. %) versusAl,0O3 NaO, KO, MgO, CaO, Fs,

P,Os and TiQ in granitic rocks.[MGMG 1 mediumgrained muscdte granite,
CGBMGIT coarsegrained biotite muscovite granite]

The trace elementsave good correlation with Si® Ni, Ba, Rb, Zr,Zn, Pbare

negatively correlatedith SiO, whereasSr, Cu,Co display positivecorrelation with SiO,

(Fig. 4.7).
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Figure4.7: Bivariate plot of Si@ (wt. %) versusNi, Ba, Rb, Sr, Zr, Zn, Pb, Cu and @Go
graniticrocks [MGMG T mediumgrained muscovite granite, CGBMG coarse
grained biotite muscovite granite]

The banded gneisand mediumgrainedmuscovit graniteat Mbatoo contaisthe

highest concentratioof Ba, Th, Zncomparedwith the othergranitic rocksin the area and

the average granite value of Taylor (196bal§le 4.2). The concentration of Ni (0.5 20
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ppm), V (17 10 ppm), Zr (7.7 95.4 ppm)are low whereas Co (20i742.5 ppm) is high
in the granitic rocks comparedlith the average granite values of Taylor (196bable
4.2). Copper(Cu) andPbcontens in the granitic rocks are low relative to valueported
by Taylor (1965¥or granite. Bycontrastthe concentrationf Pbin pegmatite is high (438
ppm). Ag content inthe pegmatite coarsegrainedbiotite muscovitegranite andnedium
grainedmuscovitegranite (NW1) also appears to be high (20 ppm).

Trace element dataormalized to chondet values of Thompson (1982pd the
multi-element spider ploshow that the large lithophile elements (LILE) are generally
enriched relative to the high field strength elements (HRBIg) 4.8). The large lithophile
elements(LILE) Rb, K are enriched wtlel Sr is depletedn the rocks The hgh field
strength elemestNb, Zr, Y are slightly depletedvhile Ti is strongly depleted in the
granitic rocks.

The ratio of Ba/Rb ranges from 0.12& in the granitic rocksncreasing to 2.8 in
banded gneiss and mudigher valuean coarsegrainedbiotite muscovitegranite(19.2).
Ba/Srratios are higher in the granitegelative to the gneiss rocksand Ba/Rbratios are
higherin thegneissic rocks relative to the granites.

On the Y+NDb versus Nb discrimination diagr (Fig.4.9) the banded gneiss (NX3)
is straddled on the boundary line between theliision (syrCOLG) and volcanic arc
granite (VAG) fields. The mediurgrained muscovite granite (NI) and coagsained
biotite muscovite granite plot in volcanic aganite field while the other mediugrained

muscovite granite and banded gneiss (NX2) plot within theZ9hG field.
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Figure 4.8 Multi-element spider diagram imranitic rocks from the study area
(chondrite normalizing valuesThompson, 1982)[MGMG i mediumgrained
muscovite granite, CGBMG coarsegrained biotite muscovite granite]
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Volcanic arc granite; WPG = Within plate granite; ORG = Ocean ridge granite]
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The rare earth elementREE) are usually subivided into the lightrare earth
element(LREE) and heavyare earth elemefHREE) classesThe LREE consist of La to
Sm (atomic numbers 57 62) and the heavy REE are Gd to Lu (atomic numbeiis BY).
The REE data omgranitic rocks in the area is presentedlable 4.3. The FREE varies
from 5.6 to 183.74 ppmThe mediumgrainedmuscovitegranitefrom lhugh (NI, NW1)
has the lowesg REE ofdpmdd Bppmwhereast he hi ghest EFREE
recorded in banded gneiss (109.1 ppm, 18pm) andmediumgrainedmuscovite grare
from Mbatoo(134.8ppm). The ratio of light rare earth element to heavy rare earth element
(FLREEEHREE) varies from 2.30 20. Negative europium anoma(jeu/Eu*) relative to
chondriteis present irbanded gneisand mediumgrainedmuscovitegraniteand ranges
from 0.17 0.9 while a positive anomaly is observeddnarsegrainedbiotite muscovite
granite(1.1) and pegmatite (1.3Yable4.3).

Rare earth elementiata are normalized to chondrite values of Nakamura (1974)
(Fig. 4.10. The REE pattern dbanded gneisgNX2, NX3), mediumgrainedmuscovite
granite(NX, NW2) displays a steep slope from the LREE to the HREE and a negative Eu
anomaly. Thebanded gneissnediumgrainedmuscovitegranite(NX, NW2) andcoarse
grained biotite muscovitegranite have generally similar REE pattermwhile the other
mediumgrainedmuscovitegranite (NI, NW1) show dissimilar irregular REE patteFhe
normalizedLa/Yb ranges from 2.3- 41.6 in the granites ar6.91 43.7in banded gneiss
NormalizedCe/Yb in the granitic reks ranges from 2.4 35 and 217 32.5in banded
gneissIn granite (La/Smj, varies from 0.9 3.9 and inbanded gneisss is about 3.9 4.6.

These ratios are generally low in tmediumgrainedmuscovitegranites (Table4.3).
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Figure4.10 Rare earttelementdistribution pattern irgranitic rocksfrom the study area
(chondrite normalizing valuesNakamura, 1974)[MGMG i mediumgrained
muscovite granite, CGBMG coarsegrained biotite muscovite granite]

4.12 GEOCHEMISTRY OF LESSEL SANDSTONES ANDSHALE
SiO, ranges from 73.7 97.2wt. %, Al,Os ranges from X to 16.1 FeOs; varies

from 0.7to 89, MgO ranges from 0.05 to2wt. % in the Lesselsandstonedn addition,

the concentration of CaO, Ma, K;O, MnO, TiG, andP,Os in the sandstones alsanes

from 0.03 to O7 wt. %, 0.01to 1.5wt. %, 0.04 to 3.7Awt. %, 0.01 to 0.3wt. %, 0.1 to 1.0

wt. % and 0.4 to 0.2wt. % respectively Table 4.4). There is a positive correlation

existing between AD; and KO, NaO, MgO, CaO, Fs, TiO, (Table4.4). SiO;is in
abundance compared to the average Upper Continental Crust valae db&aylor and

McLennan (1985)Fe03;, MgO, MnO concentration is slightly high sandstonearound

Lessel andlhugh areaswhereas CaO contens low compared to values repged by

Adeigbe and Jimoh (2018)r the Cross River Grou{ able4.7).
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Table 4.7: Average chemical composition of shale and sandstone from the study area
compared to those from other sedimentary basins in Nigeria and worldwide.

Major Presant NASC* PAAS® Present Study: Cross
Oxides Study: Average River

Shale Sandstone Group®
SiO; 77.6 64.2 62.4 83.1 79.6
TiO, 0.8 0.8 1 0.4 0.4
Al,O3 14.4 17.1 18.8 8.2 7.7
Fe,0s 4 5.7 7.2 4.2 1.4
MnO 0.1 - - 0.1 0.1
MgO 1.1 2.8 2.2 1.2 0.4
CaO 0.4 3.5 1.3 0.3 15
Na,O 0.1 1.1 1.2 0.4 0.3
K,0 15 3.9 3.7 2 2.0
P.Os 0.1 0.2 0.2 0.1 0.1
Total 100.0 99.4 97.9 100.0 93.4

a. NASC (North American Shale Composiéjaskinet al.(1966)
b. PAAS (Post Archean Australian Shal@)aylor and McLennan (15
c. Cross River GroupsAdeigbe and Jimoh (2013)

The chemical composition of shale relative to global average for shale shows that
the shale in the study area is rich in S#dd poor inCaO contentAl,03, Fe0Os, MgO,

NaO, K,O contents are fdy low relative to NASC (Haskinet al., 1966) and PAAS
(Taylor and McLennan, 1985R,0s and TiQ concentration are similar to NASC and
PAAS.

Silica enrichment is a measire of the matuity of sandstonelt reflects the
duraion, intensity of weatheing and destuction of other minerals during
trangortation. The ratio of Si@and ALO3 can therefore be used to determine whether a
rock is enrichd or depleted in silica. In the area of stu8yO, content is dw (4.1 to 5.7)
in some of the sandstoneNH, NN3, NT1) whereas its high (44 - 70.5) in the other

sandstone@\NK, NH) (Table4.4).
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According to Crook (1974K,0/N&O ratio > 1 indicate quartzrich sandstones,
while K;O/N&O ratio < 1is an indication ofjuartzpoor sandstone#n Lessellhugh area
the ratio of KO/N&O ranges fronl 1 38, indicaing that thesandstoneare quartaich.

Employing theplot of log SiG/AI,O3 versus log F£3/K,O as proposed by
(Herron, 1988)sedimentary rocks are classified as shale (NF), wacke (Niffigrenites
NN3), sublitharenite (NK) and quartarenite (NH) Fig. 4.11). The average composition

of theLesselsandstones the study areplot within the suHitharenite field Fig. 4.11).
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Figure4.11 Chemical classification diagram for sandst the study arebased orlog

SiO,/Al,O3 versus log FgO3/K,0 diagram of Herron (1988).

As proposedy Neshtt and Young (1982khemical index of alteration (CIA¥ a
measureof the degree of eathering in the source region.réicordsalso the pogressive
alteration ofplagioclase and Keldspars to clay minerals (Rahaman and Suzuki, 2007).
The CIA is calculatedis shown in théollowing the equation: CIA = [AIOs / (Al,Os +

CaO* + NaO + K,0)]100(in molecular proportionyvhere CaO* representsg amount of

CaO incorporated in the silicate phakene (CaO values are accepted only if CaO
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N&O; consequently, when CaO is > it is assumed that the concentration of CaO
equals that of N® (Bocket al.,1998).
Nebitt and Young (198 suggeste€IA values of 10Gor kalonite and chlorite and
70- 75 for average shales. High values of-72®0 indicate intensive chemical weathering
in the source areas whereas values <50 indicate unweathered source areas. CIA values for
the sedimentary rocks ithe study area vary from 73:288 (Table4.4). Shale NF) has a
CIA of 87.9. The suftitharenite (NK), litharenites (NN3), wacke (NT1) and quartz aeenit
(NH) have CIA values of 76,767, 732 and 80.4 respectivelyl &ble4.4) thusindicating

that an intasive chemical weathering occurred in the source &iga4.12).

100 1 A0: K aolinite, Chiorite
7 .
%0 4 \Advanced weathering trend
80 4 Smectit H lllite .
& Muscovite
< 50 1
@) .
60 / Biotite
_ Average Granit
50 -+ Plagiocla K-feldspar
0 Explanation
T Average Gabbro
30 | # Shale (NF)
& Eph-litharenits (NE)
& Litharenite (NN3)
<¢ Wacke (NT1)
w  Quartz arenite (NH)
Ca0+Na,0 K,0

Figure 4.12: Chemical Index of AlterationGIA) ternary diagram of sandstonas the
study aredafter Nesbitt and Young, 1982).

According to McLennaret al. (1993), the ratio offh/U in sedimentary rocks can
be used to determine the degree of weathering and recycling of sedimentary rocks. During
weathering U is lost leading to an increase in the Th/U ratio. Th/U ratio in most upper

continental crust rocksanges fron.5to 4.0 (McLennanet al, 1993). THU values > 4.0
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may indicate intense weathering in source area or sediment recycling (Rahaman and
Suzuki, 2007). Th/U ratio in shale and sandstandke study area ranges from 3.00.5
(average of ) (Table4.5) thusimplying a moderate to intense weathering in the source
area.

Trace element concentrations are normalizedverage upper continental crust
(UCC) vdues of Taylor and McLennan (189 The trace element concentration in shale,
litharenite and wacke sandstones hesmpositions almost similar to those of the average
upper continental crust thoughith depletion in Zr and Nb (Fig}.13. Pb is strongly
enriched in litharenitbut strongly depleted in Sr, Zr, Nb than in the other sandstones. The
concentration of therace elements in stlltharenite and quartarenite sandstones are

generally laver than the average UCC (Fig13 except for the high Co content
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Figure 4.13: Multi-element spider diagram shale and sandstoné®m the study area
(chondrite normigzing values,Taylor and McLennan, 1995).
Hayashi et al. (1997) propsed that AD3/TiO, is useful in determining the
provenance of sedimentary rockfayashiet al. (1997)furtherassigned AlO3/TiO; ratios
of 31 8 for mafic igneousourcerocks, 8i 21 for intermediategneous sourceocks and
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2171 70 for felsic igneous rocks. The A8)/TiO, ratios for shale and sandstone in the
study area range from 1620 whereas, the stlltharenite (NK) has a ratio of 43 able
4.4).

Roser and Korsch (1988) posed a discriminant diagram using the functions F1
and F2 (Appendix IV) to determine the tectonic setting of terrigenous sedimentary rocks.
The Lessel sandstones and shat# within the P4 field which represenggsanitegneiss
provenancdFig. 4.14). The average REBOf sandstonevas plotted alongvith REE of the
granitic rocks in the study ared@he plotshows that the REE pattern in sandstonss
similar with that of mediumgrained muscovitegranite (NW2) and banded gneisgFig.

4.15).

10 )
Felsic Igneous
Provenance
P1 Intermediate
Igneous
5 Provenance
P2
& 0o A Mature quartzose detrit
or GraniteGneiss
Provenance -
P4 [
Mafic Igneous
Provenance
-5 - P3
|
|
-10 T T T
-10 -5 0 5 10

F1

Figure 4.14 Provenance discriminant function plot of the Lessel Sandstones and Shale
(after Roser and Korsch, 1988).
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Figure 4.15 Rare earth elementistribution pattern of average sandstamad granitic
rocksfrom the study aregchondrite normalizing valueblakamura, 1974).

Total REE concentration in sandstones ranges from 36335.6 ppm with
FLREE/ FEHRE E23.cRare éarth7element distributionf the sedimentary rocks
normalized to chondrite values of Wakgé al. (1971)is presented irFigure 4.16 The
REE distribution plot exhibits REE pattern (([&by = 9.8 - 54) with a gentle sipefor the
LREE relative to the flat HREEwith negative Eu anomalyanging from0.4 - 0.9in the

sandstones and shale
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Figure4.16 Rare earth elemesplot of shale and sandstamm the study areéchondrite

normalizing valuesWakitaet al., 1971).

4.13 GEOCHEMISTRY OF BARYTE

The concentration of BaGncreasesgradually from the barren rocks to the
mineralized rockreaching maximum irbaryte vein with BaO content in baryteein
varying from 79.2i 83.7 wt. % (Table 6.8). SiO, content of nmeralized gneiss and
sandstongranges from 24.9 62.6 wt. % and’7.11 75.7wt. % respectivelyIn baryte
veins, SiO, content is lowarying froml3.31 20.5wt. % (Table4.8).

The cortent of FeO3 increases fronv.21 8.8 wt. % in the barren sandstones
(NN3, NT1)to 7.1- 12.5wt. % in the mineralized sandstones (NN1, NQdj very much
depleted0.17 1.9 wt. %) in the baryte veinslables4.4 and4.8). The other major oxides
TiO,, Al,O3, MnO, MgO, NaO, K,O, andP,Os are enriched in the barren and
mineralized rocks butlepletedin the baryte veinsCalcium oxide CaO content in

mineralized gneiss (NO2ndleadzinc sulphidevein (NO3)is high (18.2 wt. % and 4.9
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wt. % respectively in mineralized gneisBom Bunde area. Conversely, CaO content in

all other mineralizedocksand baryteveinsare low ranging from 0.08B 0.1 wt. %.The

major oxidesconcentration in baryteseins is generally depleted compared to the

mineralized host rocks and barren sandstones/granitic rocks.

Table 4.8: Major oxides concentration in mineralized host rocks, baryte veis and leadzinc
sulphide veinsfrom the areaof study (all values are in wt. %)

Major Mineralized Mineralized Baryte Veins Lead-Zinc
Oxides Gneiss Sandstone Sulphide Veins
NO2 NO4| NN1 NQ1 NM NO5 NQ2 NN2 NO3
SiO; 771 75.7| 626 249 20.5 18.9 13.3 92.2 35.0
TiO, 0.1 1.7 1 0.5 0.01 0.01 0.1 0.2 0.04
Al,O5 2.9 95| 171 9.6 0.2 0.05 11 3.4 0.8
FeOs 0.1 14 7.2 125 0.1 0.04 1.9 2.3 0.1
MnO 0.01 0.01| o0.01 0.9 0.01 0.01 0.2 0.9 0.01
MgO 0.1 0.5 14 0.6 0.01 0.01 0.1 0.2 0.01
CaO 18.2 0.1 0.04 0.1 0.04 0.03 0.1 0.1 4.9
Na,O 0.2 0.01 005 0.01 0.01 0.01 0.01 0.01 0.01
K,0 1.6 3.2 5.2 1.7 0.01 0.01 0.2 0.7 0.3
P,Os 0.1 0.1 0.2 0.1 0.01 0.01 0.01 0.01 0.01
BaO 0.3 3.5 0.2 48.9 79.2 80.9 83.7 0.05 514
SrO 0.1 0.04| 0.003 0.4 0.5 0.3 0.6 0.07 0.4
TOTAL 100.4 96.4| 9495 100.4| 100.7 100.7 101.2| 100.0 100.0

There is a psitive correlationof the base metals Pb, Zn and @ith one another

in the mineralizedocks and baryte vein§able4.9). The highest contérof Pb, Zn, Cu

recorded in baryte from the northern part and gradually decreasewauighn the study

area (Table ). Pb is strongly positively correlated with Zn and moderately positively

correlated with Cu. Copper has a strong positive correlatitim Ag, Cd, FgOs;, and

MnO.
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Table 4.9: Trace elemens concentration in mineralized host rocks, baryte veis and leadzinc
sulphide veins from the area of study(all values are in ppmexcept the element ratiok

Sample Mineralized Mineralized Baryte Veins Lead-Zinc
Gneiss Sandstone Sulphide Veins
Bunde Lesset lhugh Lessel  Bunde
Mbagwa Mbagwa
Trace NO2 NO4 NN1 NQ1 NM NO5 NQ2 NN2 NO3
Elements
Ni 5.3 20 23 20 20 20 20 4.4 20
Sc 14 20 17 9 1 1 2 6 1
Be 1 1 3 5 1 2 1 1 2
Co 391 25.2| 30.6 357 12.5 19.3 14.5 72.3 26.2
Cr 8.7 146.1| 2045 1315 73.1 29.2 29.2 58.4 43.8
Cs 0.7 1.2 6.6 6.3 0.1 0.1 0.5 0.8 0.1
Ga 4.65 149 229 16.1 2.6 3.5 2.3 8.2 7.7
Hf 51 3.2 7.8 2.5 1.9 1.3 2 1.74 2.3
Nb 0.7 84| 124 9.5 1.6 0.3 1 0.05 15
Rb 8.5 138.8| 1924 113.3 0.3 0.1 9.6 25.3 6.1
Sn 1.3 1 1 1 1 1 1 0.1 1
Ta 1.1 0.8 1 1.6 4.4 6.2 3.8 0.3 3
Th 4.1 0.6 8.9 9.5 0.2 0.2 1.1 2.6 0.8
0.9 0.2 2.1 29 0.1 0.1 0.2 0.4 0.1
V 2 252 87 71 27 8 13 31 15
W 200 162.9| 1135 131 77.4 96.9 43 200 144.1
Zr 146 105.8| 280.8 86.5 14 1.2 10.6 15 8.7
Y 77.5 24| 30.7 19 2 1.8 4.5 2.6 4.9
Mo 0.67 0.5 0.1 4.4 0.1 0.1 1 0.6 0.2
Cu 43 200.2, 30.3 51 25.1 66.4 7 150.2 121.1
Pb 404.96 5132.1| 488.2 713.7| 4142 12946 25.6| 5446.6 >10000
Zn 569.7 366 234 146 93 3764 54| 2925.9 >10000
As 1 10.6 0.5 8.5 0.5 0.5 1.9 0.2 0.5
Cd 0.04 0.5 0.3 0.1 0.3 9.8 0.1 12.6 23.4
Ag 96 0.7 0.1 0.1 0.3 0.3 0.1 499 1.9
Au 0.1 28.7 5.4 4.3 5.9 7.2 2.3 0.1 34.2
Hg <0.01 0.04| <0.01 <0.01 0.03 0.03 <0.01 <0.01 0.09
Ratio
Ba/Sr 41.1 96.9| 544 138| 1474 268.3 1311 0.7 11.9
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Trace element data for the baryte normalized to the values of Taylor and
McLennan (1995) exhibit an almost similar pattern in all three baryte sampled.(Hyg.
The baryte samples are highly enriched in Ba, Sr but stronglgtddph Rb, K, Ce, Zr.
The trace elements Th, Y, La and Ce are positively correlated in the baryte from the
different locations. Cerium content in baryte from Ihugh is fairly depleted but strongly
depleted in barytes from Lesddbagwa and Bunde.

The traceelement distribution pattern in baryte veins and the mineralized rocks
slightly differs from what is observed in the barren rocks. The raldthent plot shows
high enrichment in Ba, Sr and high depletion in Rb, Th, U, K, Ce, Nd, P, Hf, Zr, Ti (Fig.

4.18 a4, b, c).
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Figure 4.17 Multi-element spider diagrarof baryte from LesseVibagwa, Bunde and
Ilhugh (chondrite normalizing value$aylor and McLennan, B%)
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However, Ce is slightly depleted in baryte from lhugh (Fig. 6.16 c) and there is also
a slight Ti enrichment baryte froBunde (Fig. 6.16 b). Ba/Sr is low in barren sandstones
(2.57 71) and gneiss (2.82.4), moderately high in mineralized sandstones (L %8.4)
and gneiss (41.1 96.9) but very high in the baryte veins (131.268.3) (Tables 6.2, 6.5
and 6.8).

Rare eah elemerd plot of baryte normalized tohondritevalues of Nakamura
(1974) shows thatbaryte from LesseMbagwa and Bundéiave similar distribution
pattern Fig. 4.19. However the pattern fdvaryte fromlhugh differsslightly, displaying
strong enrichnent in LREE relative to HREERare earth element abundances in the
baryte veins are low ifbaryte fromBunde (7.2 ppm), Lessébagwa (7.3 ppm) and
fairly high in baryte from Ihugh{39.4 ppm) (Tabl&.10).TheE RE E i nisgbnerelly t e
lower thanZREE alundances in mineralized and barren rodkable4.10). The La/Yby
and [EMRHEE ratioin baryteare 10.8 and 1.7n LesselMbagwag 15.6 and 1.2n
Bunde 14.1 and 3 in Ihugh In addition,barytesfrom the three main localitiesxhibit
strong negative &®#Eu* of 0.04, 0.05 and 0.02 in addition $trong positive Gd/Gd* of
17.1, 18.6 and 21.#h barytes fromhugh, LesselMbagwaandBundeareasrespectively.
Strongnegative Ce/Ce* of 0.06 is evident Ibarytes fromBunde and Lesséllbagwa
while baryte fromlhugh showspositive Ce/Ce* of 1.3 The rare earth elements Dy, Ho,
Er and Lu are not reflected iparytes profiles fronLesseliMbagwa and lhuglareas
Dysprosium (Dy) is also singularly not reflected in baryte prdfien Bunde(Fig. 4.19.

The reasorfor this is that the values of Dy, Ho, Er, and Lu in the barytes are low and
therefore below the limit of detection of the analyticedtrument(Inductively Coupled

PlasmaMass Spectrometer) employed in the analysis of the sample etdxtidn limit of
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