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Abstract

The Azara Barites Mineralization in The Middle Benue Trough Occurs as Vein Infilling Materials associated
with Lead-Zinc Lodes. A Fracture Formed as Single Linear Structures with thickness of generally not more than
0.5m. The Geological Characterization of The Azara Barite Deposits which Include; Geotechnical, Petrological
And Geochemistry Were Studied Within The Four (4) Selected Veins Samples: V1 N (08°20°40.6°") E (009°
17°21.3>") V 12 N(08°21°59.0°*) E(009°21°13.6") V13 N(08°21°44.0°*) E (009°21°14.6>") V17 N(08°22°27.1"")
E(009° 17°31.7°"). Soluble Alkaline Earth Metal Test (100mg/L) Indicate Presence of Calcium or Magnesium
which is Good for Drilling Fluid, Hardness Capacity of the Veins Mineralization ranges From 3.0 to 3.5 with an
average Specific Gravity of 4.2. this classify the Veins as a High Grade Barite. Fluid Performance was Measured
based on Yield Point and Plastic Viscosity which is high even at aging and at high Temperature. Quantitative
Mineralogical Analysis reveals Barite as the Main Mineral with an average of 92 Wt.% and Quartz as an
associated Minerals with average of 8wt.%.The Mineralogy revealed a Mineralization with One of the purest
Veins and less Number of Impurity, the Colour Index Criteria also classify the Veins to be Melanocratic (60-
90).The Elemental Composition of the Veins show classes of Major Elements with average weight Percentage
of greater than 1% (Sio, SO5; Bao, Sro,) also reveal the Veins Are Oversaturated Based on The Composition
of Sio, And Metaluminous Group ( K,0+Na,0+Ca2>Al,0;>Na,0+K,0) With Modal Minerals Of Feldspar and
Normative Minerals of Anorthite + Diopside. These have contributed to the grade and value of Azara Barite
Mineralization Veins and its Purity and Quality for Exploration Purposes.
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1.0 Introduction

Barite is the natural form of the sulphate of barium (BaSO,). It is a fairly dense industrial mineral used in oil
drilling operation and other industries. The importance of Barite as a major raw material in paints, paper, rubber,
plastic, glass, match, leather processing, tobacco, fertilizer, radiological and pharmaceutical industries has been
found on its specific gravity and the percentage of other constituents or inherent impurities. Barite may be found
in conjunction with metallic and non-metallic mine, but its quality and quantity determine its economic viability
in any deposit before considering for extraction. Barites veins in Benue trough seem to have their root in the
basement complex beneath the cretaceous sedimentary rock cover (Oyawoye 1972). Barites mineralization in the
Middle Benue Trough occurs in Aloshi, Akiri, Wuse, Azara, Faya, Gbande(Plateau State), Keana (Nasarawa
State), Gboko, Guma, Gwer, Ushongo, Markudi, Konshisha (Benue State),Sardauna, Karim Lamido, Yoro, Lau,
Dumgel, and Ibi areas (Taraba State). The barite resource in these areas is hosted in the igneous-metamorphic
rocks of the Pre-Cambrian as well as in sandstones, shale, mudstone, siltstone and limestone of the Benue
Trough sedimentary formations.

The barite deposit in Azara occurs as hydrothermal veins within the Cretaceous Keana sandstone of the
Middle Benue Trough. The defunct Nigeria Mining Corporation identified eighteen hydrothermal veins (Fatoye
et al., 2014). The mineralized veins strike generally in the NE-SW, NW-SE and E-W directions (Chaanda ef al.,
2010). Azara barites deposit is the best known deposit of barites in Nigeria. Government need to support more
research on Barite mineralization in order to meet its utility in our industries. This paper therefore intends to look
more into geological properties of Azara Barite to ascertain its qualitative and geotechnical strength necessary
for industrial application.

1.1 Location And Accessibility

The study area is located within Azara in North-west of Nasarawa state, Nigeria. It lies within coordinates
8°22°0” N and 9°15°0” E in DMS (Degrees minutes seconds) or 8.36667 and 9.25 (in decimal degrees).The
whole area is reasonably accessible by roads and network of footpaths.
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Fig. 1. Base map showing the location of the study area

2.0 Regional Geology

2.1 Geological Setting of Benue Trough

The Benue Trough of Nigeria is a rift basin in central West Africa that extends NNE-SSW for about 800 km in
length and 150 km in width. The southern limit is the northern boundary of the Niger Delta, while the northern
limit is the southern boundary of the Chad Basin. The trough contains up to 6,000 m of Cretaceous — Tertiary
sediments of which those predating the mid-Santonian have been compressionally folded, faulted, and uplifted in
several places. Compressional folding during the mid-Santonian tectonic episode affected the whole of the
Benue Trough and was quite intense, producing over 100 anticlines and synclines (Benkhelil, 1989). Following
mid-Santonian tectonism and magmatism, depositional axis in the Benue Trough was displaced westward
resulting in subsidence of the Anambra Basin. The Anambra Basin, therefore, is a part of the Lower Benue
Trough containing post-deformational sediments of Campanian-Maastrichtian to Eocene ages. It is logical to
include the Anambra Basin in the Benue Trough, being a related structure that developed after the compressional
stage (Akande and Erdtmann, 1998). The Benue Trough is arbitrarily subdivided into a lower, middle and upper
portion. No concrete line of subdivision can be drawn to demarcate the individual portions, but major localities
(towns/settlements) that constitute the depocentres of the different portions have been well documented (Petters,
1982; Nwajide, 1990; Idowu and Ekweozor, 1993; Obaje et al., 1999).
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Fig 2.: Geological map of Benue Trough modified from Akande (1989)

2.2 The Stratigraphic Settings of the Middle Benue Trough

In the Middle Benue Trough, around the Obi/Lafia area, six Upper Cretaceous lithogenic formations comprise
the stratigraphic succession. This succession is made up of Albian Arufu, Uomba and Gboko Formations,
generally referred to as the Asu River Group (Offodile, 1976; Nwajide, 1990). These are overlain by the
Cenomanian — Turonian Keana and Awe Formations and the Cenomanian — Turonian Ezeaku Formation. The
Ezeaku Formation is coterminous with the Konshisha River Group and the Wadata Limestone in Makurdi area.
The Late Turonian — Early Santonian coal-bearing Awgu Formation lies conformably on the Ezeaku Formation.
In the Makurdi area, the Makurdi Sandstone inter-fingers with the Awgu Formation. The mid-Santonian was a
period of folding throughout the Benue Trough. The post-folding Campano-Maastrichtian Lafia Formation
ended the sedimentation in the Middle Benue Trough, after which widespread volcanic activities took over in the

Tertiary.
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Fig. 3. Cretaceous stratigraphy of Lower Benue trough and Middle Benue trough (modified After Akande
1989)

3.0 Material And Method

The method involved traversing across the mapped area, using the Global Positioning System for location and
the Outcrop in the study area were conspicuously exposed for Identification and description of their Features.
Samples were taken along the established Veins. These samples were studied in the field as hand specimen and
also taken to the Laboratory for detail analyses. The Petrological study included Colour, Lithologies and
Structures of various sizes along the host rocks. Geochemical analysis was carried out at XRD and XRF facility
of the Department of Geology, University of Pretoria, South Africa. Geotechnical tests were carried out at
Petroleum Training Institute, Effurun, Nigeria. The tests include: specific gravity, hardness, soluble alkaline
earth metals test and fluid performance.

3.1, Geochemical Analysis

Mineral identification: Initial investigations was done using the naked eye, the hand lens and a stereobinocular
microscope to determine the ore types present and select representative specimens for thin and polished section
preparation. At this stage uncommon minerals were identified in the hand specimen by using the determinative
charts in mineralogical textbook.
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X-ray diffraction: X-ray diffraction is used to identify clay mineral structure and properties, and for mineral
analysis and mineral abundance measurements through spectroscopic sensing. The samples were milled to
powdered form and packed into an aluminum holder. It was then placed in the diffractometer and bombarded
with X-rays. The diffracted rays are collected by a detector and the information relayed to a computer where they
were converted to d-values of specific intensities. These were later presented graphically in the form of
“’diffractograms’’ Diffractograms were later identified using a database of over 70,000 recorded phases for
mineral.

4.0 Results and Disussions

4.1 Petrological and Geotechnical testing Results

The geotechnical test show various results across the veins of the ore samples. The following specific gravity
were recorded 4.2, 4.2, 4.1 and 3.6 (Vein 1,Vein 12,Vein 13 and Vein 17 respectively). The value presents
barites of Azara mineralization as a good grade based on values higher than 4.0 with just a sample falling short
of the quality in Vein 17.The weight % of the BaO in the Vein 1,Vein 12 and Vein 13 in table 1 of the
Elemental composition, confirm the value of their specific gravity as a high grade ore, and also provide
required weight for the drilling mud in the oil industry. The hardness observed is range between 3-3.5 on the
average. Performance test show that the plastic viscosity (6.5 to 20) and yield point (4 to 6) remain high even
when its contaminated under very high temperature. The test results reveal Barite as an ingredient for a good
lubricant and drilling fluid, a good gel to suspend drill cuttings and source materials for paints, pharmaceutical,
glass and chemical industries with little or no beneficiation when compare to ASTM standard.

4.2 Geochemical Analysis and Results

Geochemical results show the intrinsic nature of the ore in the area

The chemical composition of the Azara Barite samples show three major classes of Element in their oxides form
in Table 1 below.

1. Major; SiO,, SO; BaO | SrO,

2. Minor; TiO,, Fe,0; CaO Na,0, CuO

3. Trace; AL O; MnO, MgO, K,0, P205, Co304, WO3, ZrO2, V205, Cr203

Vein 1 show high content of BaO responsible for high specific gravity and Vein 17 with least BaO content has
lowest specific gravity of all. Elemental composition of BaO in all the samples is 56.6% on average and this give
room for less impurities in the overall value of the Ore grade. Other impurities like water soluble elements: CaO,
MgO and K,O are less than 0.01 in concentration. And Al,O3 and Fe,O; were presence in Trace and minor form
and this account for absence of silicate minerals and high resistance of the ore to weathering.

Table 1. Elemental composition of Barite Ores from Azara Barite Mineralization

Location BARITE BARITE BARITE BARITE Location BARITE BARITE BARITE BARITE
Elemental VEIN13  VEIN12 VEIN1 VEIN17 | Elemental VEIN13 VEIN12 VEINI1 VEIN17
composition(%) composition(%)

BaO 56.70 56.30 59.10 54.20 SiO, 6.20 8.24 5.49 8.39
CuO 0.04 0.02 <0.01 0.04 TiO, 0.05 0.07 0.09 0.04
P205 <0.01 <0.01 <0.01 <0.01 Al O; <0.01 <0.01 0.70 <0.01
Co0304 <0.01 <0.01 <0.01 <0.01 Fe,;0; 0.25 0.09 0.19 3.40
SrO 1.89 1.78 0.72 1.55 MnO <0.01 <0.01 0.02 0.15
WO, <0.01 <0.01 <0.01 <0.01 MgO <0.01 <0.01 <0.01 0.30
Zr0, <0.01 <0.01 <0.01 <0.01 CaO 0.05 <0.01 0.02 0.07
V20;s <0.01 <0.01 <0.01 <0.01 Na,O 0.60 0.44 0.71 0.61
Cr20; <0.01 <0.01 <0.01 <0.01 K,O <0.01 <0.01 0.12 <0.01
LOIL 1.13 0.90 1.38 1.00 SO; 33.10 32.20 31.50 30.20

4.3 Discussion of X-Ray Diffraction

The quantitative and qualitative analysis of the sample show Barite and quartz as the major minerals in Table 2
below. Barite is the dominant mineral in the four samples, the weight ranges from 90.17wt% to 93.80wt%. The
average mean of the barite weight % is 92.145wt% this indicate that the veins in the area is very rich in barite
mineralization with less or no trace of impurity. This findings are in agreement with the Nigerian Geological
survey Agency (NGSA) report and this is an indication that the purest and the most economically viable barites
mineralization in Nigeria occur at Azara in the Middle Benue Trough with >80% BaSO, as shown in the table 2.
Quartz is the only recorded associated mineral in the sample analysed, with the weight percentage of less than
10% make it trace minerals. The weight range from 6.2wt% in vein 1 to 9.83wt% in vein 17 with average mean
of 7.855wt% which indicate that none of the vein host quartz up to 10wt%. Vein 1 is the most high grade of all
veins with value of 93.8wt% of Barite and 6.2wt% of quartz. From the observation of the results of all the veins
sample, the minerals could be classified as melanocratic, this could be as a result of the less purity and less
associated minerals.
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Table 2: Result of the XRD analysis

Barite Vein Barite Vein
Barite VEIN 12 Barite VEIN 13 1 17
weight% weight% weight% weight%
Barite 91.34 | Barite 93.27 | Barite 93.8 | Barite 90.17
Quartz 8.66 | Quartz 6.73 | Quartz 6.2 | Quartz 9.83

Table 3: Comparison of average barite composition from different localities in the middle Benue Trough,

Nigeria
Localities Azara Deposit | Azara Chiata Gbande Keana Ibi Deposit
Present Work Deposit Deposit Deposit Deposit NMC
NMC NMC NMC NMC
Ave. BaSO4 | 92.145 86.49 93.53 60.51 93.12 92.91
(wt %)

*NMC:Nigeria Mining Corporation data Source

5.0 Conclusions and Recommendations

5.1 Conclusions

This research work has attempted to characterise the barite mineralization in Azara and its properties based on
terms of petrological and geochemical analyses which revealed its hardness range to be 3.0-3.5, specific gravity
mean of 4.2 with fluid performance that can be compared with API standard and other industrial specification
by ASTM shows that the ore are of very good grade with just an exception of a single vein quality, this could be
said to be controlled by the concentration Barium Oxide (BaO) and presence or absence of associated minerals.

5.2 Recommendation

Based on the need to have a fair playing ground for both processors and consumers of barite in Nigeria, it is
important that the product is processed to the required standards. Uncontrolled importation of barite poses a
serious threat to the development of the local mining industry. The very laudable efforts of the government in
developing the local industry may be undermined if a favourable environment for the local production of barite
is not created. Regarding production, one of the objectives of the local content policy is to promote a framework
that guarantees active local participation and uphold the desire quality to compete with the foreign content
without compromising standards.
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Fig4.1 Showing X-ray diffractogram of barite in vein 12
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