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" ABSTRACT

The present study is necessitated as a result of industrial demand for clay as raw
material for ceramics and refrac tory. Four residual clay occurrences in the Basement
CU”’P., ex of northwestern Nigeria were investigated to examine their mineralogical and
chemical characteristics. The siudy area Jall within the north western Precambrian
Basement Complex comprising granite. schist and gneivs. Combine AAS and XRD
techniques swere employed in the determination of the chemical and mineralogical
composition of the clay occurrence, The residual clays in the study area are
differentiated into white gritty and vellowish hrown variety, with thickness ranging
between 5 and 10 meters. Mineralogical results indicate kaolinite major elay mineral
and quarlz as major non-clay mineral. Chemically, sifica content values of the white
residual clay of Tunga Gade and Tufa renges between 47 80% amd 50 G156 while the
brownish variety of Kuchi and Mallam Karo is hetween 33.90% and 35.90%. alumina
content of these clays is hetween 206276 and 16 270 Presence of goethite in Kuchi
and Mallam Karo clays is responsible for it vellowish brosen color. The high S5i0; and
low Na;O, Fe;O and MgO could yield good material for the manufacture of refractory.
Field evidence suggested that the clay is formed in-situ with average thickneys of 5-10
meters. Reserve estimation and industrial propertics are recommended ay follow-up
investigation.
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INTRODUCTIONS

Clay bodies are widely distributed on the Precambrian basement complex of Nigeria (Ajayi and Agagu,
1981, Emofurieta and Salami, 1988; Ehinola etal, 2009). In the northwestern part of Nigeria, most
especially Minna area, is noted for two main categories of clay occurrences, residual clays in the basement
and sedimentary clays in Bida Basin (Alabi, 2009), in the basement-sedimentary transition zones (Elucze
d Bolarinwa, 200‘1) and in Niger Delta (Elueze et. Al 2004). These clays are generally consumed as
imdustrial raw materials in the cement, ceramic, paper, pesticide, fertilizer, refractory and pharmaceutical
mdustries. p ) ) )

The study area is underlain by the Older granite, ss:lnst .anf! migmatite gneiss complex. Grante and related
migmatite predominate, but granodiorite, quart-diorite, fhontc and syamlc’havc also been recorded. The low
wade schist is a relic of single super crystal cover which was unl'czldcd into lh; hascmcn‘t coﬂmgq‘ (Russ,
1957). Trustwell and Cope 1963, classified schist in the area nto l\.us!\cnkr. schist formation, Brxr-t|n Gwari
frmation and Kushaka formation. In Minna arca lI!cu: two types 'ol migmatite; those formed by high grade
metamorphism and anatexix and those formed by migmatite nuccl'n-or‘\. i o '

With increase in population and demand, there is need for prov "*;U“l “I ‘0“5fl‘}‘ equipment including
teramics and houses. Therefore, there is need to evaluate the residual clays within the basement complex

¥ound Minna. northwestern Nigeria (Fig. 1), this will be a scientific contribution towards mcreasing the
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. o Atomic Spectrometric (AAS
\imeralogical and chemical analyses were by Xeray d'“.""‘;,";‘.l.(’ftl))\;n?soo model X-ray machine wmz
methods Powderad samples of the clays were analyses using Philips =7 ¢ le of 1.000°

i e & i £ i rteous scanning process a an ang and
2 SIMASOKY power supply using Cu ube anode 1n a cou * 1oa0/min/cm with 8 Ni - filtered Fe K -
RN 2 The d:!?m_‘mm patterns were recorded at sfcan rate © .a D wotable intensitics with those of
alpha madiation. The diffractograms were interpreted by comparing peass dard (JCPDS. 1980). T3
standard minerals established by the Joint Committee of Powder Diffraction Standar (J e 2! e
srea method was also emploved in calculating the relative proportion of the identified fmr:icra 5. it lanccs
of mazior and wace clements of twenty representative sample of "“f clays were determined, l:;.mir"; pha 4
chem tech atomic absorption spectrometer (AAS). After digestion of lhc’clay‘ samples, S, Al e, Mn,
MgCa Na K and Th concentrations in the clay samples were measure Wl}h single clement light source
Calidration for cach element was achieved using four AAS standard solutions of known_ cgnccn!ra!:ons,
Two comsecutive rums were camied out for each measurement and the standard deviation "‘fo'd‘d
Elemental values were recalculated to oxides by conversion factors. P10, was determined by colorimetric
methad
The inter-granular water (H;0) was determined as percentage loss in weight of the clay samples after drying
in 2m ovem 2t 110°C for four hours. The structural (H,07) was determined at loss on ignition (L.I) after
heating the driad clay samples in muffle fumace for four hours at | 100°C.
The detailed amalytical conditions are as stated in Perkin cimer’s Cook Book of chemical Analysis (1982},
The mineralogical and chemical analyses were done at National steel Raw materials exploration Agency
Kaduma, Nigeria. "

RESULTS AND DISCUSSION
GEQLOGY OF THE AREAS AREA
Fieid studies show that the rock types in the study arca comprises of migmatite-gneiss, schist, gneiss and
g:rr:a ;.-g: Gade amea is compose of migmali.tc gneiss which is characterized by mafic and felsic bands,
o fyimg felsse graning rock mtrude into the gneiss. Meso-structure of fold, joint and facts are observed oo
the goeiss. Average dip of the gneiss is 45°E. other rock types in Tunga Gade area include marble which
extends 10 Kwartuti area and quartzste.
I= Kaochs area, schist and Siotits granite are the major rock types. Weathered schist occur as ridges snd flo
hymg bodies, the general Lrnd pf' the rock measured on the foliated but weathered outcrops is generally o«
the 'xx'.htxsz - southwest direction. The sc_hzst in hand specimen contains flakes of muscovite fcidst;zzr. The
-rd:r- dark color Franits ocur a flat lying body intruding the schist and consist of quartzite veins mos!
remming m north-south direction. R
Tofa srea n :m'-md of m:nh - south Ming granite gneiss and muscovite schist with intrusion of
pepmatiic within the gramite gnetss.  The granite gneiss occur as rid A
outcrops along river channcly  In handspecimen the granite gneiss is
iight mmeraiz. The schist 15 weathered and contained faks
marwde mio the gramste gnciss i highly feldspartic
I» Mallarn Karo area, schust and porphyritic granite :

S — ) are the dominant rock hile migmati ~
u smail suit withm the dommant rocks. Meso-structures wuch as folds, 'm“h'k e e hﬁ:
discordant quariz veins intrusions are present on the schist, General st ‘; . swella, concordant nt
»verage dip angle of 45°E. o rike direction is north - South and

ges \\hi!_c the schist occur as flat lving
porphyritic showing bands of dark and

of muscovite mineral. The pegmatite tha
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Clay o - haracteristics
e e M courrences are within the basement complex of the northwestern Nigeria (fig

5 T o oy vy arnca be e o o bahd n <o and texure T whi
gritty type occurred in Tounga Giade and Tufa, while the reddish bro ariety accurred in Kuchi and Majlam
f:im_

Uin the basis of textural and :
frvvtymy thick overlios magnetite pneiss
P Simetesn, and dark grey in eolot due fo

cnmp«vsiﬁn"ﬂ' characteristics, the clay occurrence in Tunga Gade is abhout

hasement. Apart from the top soil which vaties from 0 3 %

high erganic content. The clay Is whitish in color with sminee
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Kuchi, Tufa, and Mallam Karo

amounts of angular quartz crystals and partially decomposed feldspar grains at the lower part of the profile,

Clay occurrence is Tufa is quite similar in texture and field to that of Tunga Mallam. :

Clay occurrence of Kuchi and Mallam Karo are similar in ficld and textural attributes. T].IC_ clays overlies |
schist basement in these locations, the weathering profile over schist basement can be divided intg three
gradational horizons. The first is the top soil, which varies from 0.5m to about Imetre and dark in color, The |
second layer is composed of hard reddish goethite rich lateritic material. The thu:d horizon is below the
lateritic layer and above the partially decomposed parent rock. The zone is reddish brown in color and
composed dominantly of clay material with muscovite flakes. The upper part of this layer is motted, while ©
the lower part is more fr:lgm;mcd. In both locations, average thickness of clay material varies from dmefreg
to 6metres. Field measurement revealed average thickness of clay bodies in the study area to range between |
S = 10metres. Therefore, they could be mined through open cast method. , ‘
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Fig 3. X —ray diffraction traces for clay samples (A - Tunga Gade, B - Tufa, C - Kuchi D~
Mallam Karo). ' ' '

Table I. Average mineralogical composition (in9

o) of raw clay samples

ineral composition ¢
Kaz:il:iete e &ggg(:& Kgghi Tufa Mallam Karo
Quartz 25 20 % -
Goethite N 3 . 3
5 2 8 2
2 5 2 5
Table 2. C"Gf"‘Cﬂl composition of Tunga Gade, Kuchi, Tufa and Mallam Karo clay samples
. Oxides Tunga Gade Kuchi Tufa Mallam Karo

| Si0_ 47.80 55.80 50,01 53.90
ALO; 36.27 29.62 33.97 30.01
| Fe,0n 1.48 1.59 1.40 151
| Mno 0.16 0.04 0.71 0.07
MgO 0.20 0.15 0.22 0.18
CaO 0.98 1.12 0.89 1.14
Na,0 0.09 0.10 0.06 0.09
K,O 0.12 0.09 0.17 0.07
TiO, 0.52 1.23 0.55 1.21
P,05 0.07 0.04 0.08 0.02
H,0 2.41 1.90 2.50 2.00
H,0* 9.64 8.09 8.98 9.60
Total 99.74 99,77 99.54 99.8

Mineralogical analysis results presented in Table 1, show that kaolinite is the major clay mineral while illite
occur in minor concentration. Quartz is the major non-clay constituent that exhibit notable intensities while
feldspar is in minor concentration in the samples. Distinctive kaolinite peaks are recorded at 20 values of
1.5° 11.5°% 23.5° 26.0°, 60.0° 61.50° 21.0°, 27.0°% 49.5° and 43.5°. lllite peaks are found at 21.0° and 46.0°.
Quartz peaks reflect at 09.5°, 50.5°, 62.5°, 25.0° and 40.5° in Tunga Gade and Tufa clay samples (figure 3A
and 3B).

In K::Jcl)li and Mallam Karo samples kaolinite peaks are recorded at 24 values of 41.5°, 50.5°% 60.0°, 66.0°,
38.5° 47.0°, and 62.5°. Illite are recorded at 46.0% 52.0° and 62.5°. Quartz peaks are reflected at 55.0%, 64.0°,
55.5° and 64.5°. Feldspar peaks occur at 66.5° and 39.5°. Geothite peak are reflected at 42.5° and 43.0°

valu iv figure. 3C and 3D).
Thise;;re]?::lc;'g‘izg éhfmcleriﬂ"c suggest that the residual clay profile developefi over the ba:scment complex
and can be of good raw materials for ceramic, pottery, refractory or filler, with the associated quartz and
";‘cl:ccisf:srualts ggt;i'mical analysis result is presented in la_ble 2. Silic_a values of ll_xe whil? res?dual clay of
Tunga Gade and Tufa is between 47.80% and 50.01% while the reddish brown \/'ancty ofl:uchl and Mallam
Karo is between $3.90 and 55.80. The alumina content ranges bctw’een 33.97% and 36.2_ % in Tuga Gade
.d 29.62% and 30.01% in Kuchi and Mnlln‘m I\I.II’O samples. Total iron content range
and Tufa sample, an ’ ion of other oxides is very low, generally low than 1%

%o i samples. Concentrati ) . |
;rrcém 1.40r— 1'5”9;{2 l': ;lll,chi nzd Mallam Karo clay samples is responsible for the reddish brown colour,
sence o goeth \

The high SiO | low Na,0, total iron and MgO could yield good materials for the manufacture of
€ nhigh 510, and IC rhed

rcfrﬂctory and Ccrnmicg (Nl]rse, 199607 CO'C. I()(?O)

CONCLUSIONS al analyses suggest that the clay is formed in-situ. Field

. - R : and ChCmiC .

Field evidence, mmsmlnglcncf |l‘|ickn(“9 of clay bodies in the study areas to range between § ~ [Ometres
Tieen oale vera p

iwasurement revealed averag ) open cast method.

Therefore, they conld be mined throug!
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Geology, Mineralogy and Chemical Composition of Residual Clay Occurrences in Tunga Gadle,
Kuchi, Tufa, and Mallam Karo Areas of Northwestern Nigeria

RECOMMENDATION ‘ ; :

The area extent and exploratory drilling to establish the clay reserves, also industrial properties (firing,
specific shrinkage, loss on ignition and water absorption capacity) are recommended as follow-yp
investigation,
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