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ABSTRACT

The distinct lateritic profiles around "Kano Metropolis”
were investigated using conbi ned geol ogi cal and geochem cal
met hods. The area studied is a part of north-central
basenent conplex of Nigeria, and is underlain mainly by the

rocks of "Oder Ganite Suite" (Danbatta, 1985).

Laterization in the area was found to be controlled by
l'ithol ogy and drai nage. Lateritic profiles studied were
identified into three types:- high-land, |owland and foot-
slope iaterites and were distinguished into four horizons
from bottomto top; fresh bedrock, saprolite, nottled and

i ndurated | ayers.

Mul tivariate statistical nethods involving correlation and
accunul ation factor (AF) were enployed in interpretation of
geochem cal data. The correlation pattern of elenments in
the lateritic profiles was found to vary with the type of
bedrocks and maturity of lateritic horizons. The lateritic
hori zons are strongly depleted of K, Ca, Rb, and S and
enriched by Fe, Zr, My, Cu, and Pb relative to the parent
rock. Accunul ation factor (AF) values indicate a possible
concentration of V, Cr, WM, Co, and N in lateritic
profiles, especially in indurated and nottl ed horizons. 1In
terms of their potential for mneralization, the nottled

and indurated horizons of lateritic profile overlying

Vi



diorite hold good prom se for concentration of V, Cr, M,

Co and Ni .

The indurated layer of granite-derived lateriti profile
al so shows potential for concentration of Cu, M and Pb.
Simlarly, the saprolite layer of the sane profile shows

good prom se for concentration of Zn.
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CHAPTER ONE

INTRODUCTION
1.1. LOCATION AND EXTENT OF THE'STUUY AREA
The study area which forms part Ol the greater
"Metropolitan Kano", covers an area of approximately 1825km’
and 1 situated within latitudes 11°35' and 11°55'N and
longitudes 8°15' and B8°45'E, extending from Riv..« Rafin
Malam in the North, the wvillage of Tamburawa to tpe South

fig.{1.) ard 3.2).

1.2. GEOGRAPHY

The area of study lies on an altitude oi 450 metrivs above
sea level, comprising gently undnlating plains, sloping to
the nortlreast. There are two prominent hills, Goron Dutse
and Dala, whi't, rise 203m and 148m respectively above the

surroundng plain.

The: southern part of the area is drained by Cha'l wa Hiver
and 11s main tributary the Kano River (fig. 3.2.). The
remainder ol the area also lies within the Challawa River
basin  with the river being ‘joined on its left Lank by a
number ot major tributaries, including Watari, Tatsawarki,
Jakara and Tsakama stream system. Within the are. no major

streain joins the Challawa in it right bank.

The study area is influenced by tropical and continental

112 A 1
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climate, evaporation is generally high and 1s in evcess of
rainfall, except in the months of July-Azgust. The
vegetation is the Sudan-Savanna t,pe. The Land iz vsed for

agricultural, forestation and urban purposes.

1.3. ACCESSIBILITY

The area s accessible almost entirely by means ot various
motorahle roads traversing it (fig.3.2.). Access Lo most
parts ot the area can be gained either by motourcars,
motorcycles or by foot, because of the plain nature of the
relief. However, there are difficulties 1n gettin access
to places owned by private or official sectors because of

the cosmopolitan nature of the arca.

1.4. NATURE OF OUTCROPS AND MI'THCDOLOGY Of MAPPI'IC AND
SAMPLING

Few rock exposures are encountered in the stue - area.
These outcrops are scattered and only few of tben are of
relatively great areal “extent, e.qg locality #M10 at
Tamburawa village in the south and locality M7 near Hade jia
road to the north, where they form low hills (plate 111},
The remaining exposures form either low-lying outcrops
iplate iv, v, viii, and ix), or detached bouldeirs (plate 1
Ho11)., However, exposures ol lateritic protile are

abundant everywhere in the area.

The Ltiraverse method was used for the geological mapping in

the area. Traverses were taken with the aid aof a



geological compass. The area was mapped on the scale of
1:25,000 on a base map provided by Geolggical Survey of
Nigeria Kano Office. And compiled at the scale of 1:500,000

(fig. 1.1},

Rock samples were taken and described from outcrops along
the traverses. Samples from laterite horizons we. taken

along the vertical protiles.

1.5, DURATION OF PRESENT WORK

The lrierature review on the subject of lateritizacion in
general was carried out in September 1996, Fioldwork
started later 1n December 14997 lasting tor two weeks tor
the reconnalssance and later another two weeks o the
detailed work. Laboratory work started from mid-Jan .ary to
February 1998 for the preliminasy analysis and again from

mid-May to July 1998 tor more geochemical analyses.

1.6, PREVIOUS WORK

There nad not been much geological! werk done in the study

ared. The tew workers that previously studied vatious
aspects ui the area include: '
{3). Ravbun and Jones (1934), who while stud, .ng the

hydrology of Chad drainage basin, agave joeneral
descriptions of the rock types found 1n the

basement complex within the present Kano State.

5 U S Du Preez (1948), Du Preesz and Richards (195%8),



who worked 1in Gumel Emirate of ¥ 70 State,
studied the hydroloygy and described the basement

rocks.

(iii) Du Preez (1956}, studied the origin,
classification and distribution of Nigeria
laterites and some of the examples used were from

Kano State (formerly Kano Province).

1.7. AIMS AND SCOPE OF PRESENT WORK

Laterite has a wide distribution in the stu’'v area and
hence, farms a high potential tor economical exploitation
Because in many places of the world i1nterest ha v developed
0.. the economicC potential of laterite, such as Indonesian
nickel laterite |( Chadwick, 1992), some attem have been
made to find whether the laterite occurrence «n the Kano

area can have potential for economic mineral exploration.

Long time aqga, the local inhabitants af this aread were
awarc of the importance of laterite as a sOouil<e of iron,
for this reason they have for long been exploiting them tor
their local needs from the Dala hitl (plate x)(E.D.R.E.5,

1997).

The scope of this wurk includes:
(a). The study of the general geology ot the study
area.

(b). The study ot t e types, distribution and

rl::n-..... ——————
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(d).

classification of laterite profiles ar..nd the
area.

The study of the pougible chemical tr..ads and
distribution patterns of both majocr and trace
elements with special attention to ba: metals
e.qg V, Cr, Mn, Co and Ni in the lateritic
profiles around the area.

To assess the 1implic.cion of the geochemical
characteristics of lateritization for mineral

exploration in the area.



CHAPTER TWO

LITERATURE REVIEW

" J R SNTRODUCT ION "

Prolirtic literature have developed since Buchanan (1807)
gave: the name "laterite" to the mantle of fer,uginous
deposits which cover large areas 1in  Southern India.
According to Maignien (1966) Lhe reason for this abundance
of literature seems to be that laterite - and its ftar more
economical ly important variant, bauxite - 1s not uniquely
identitied with any particular parent rock, geological age,
single way of formation, climate per se, or geographical
locat 1on. The detalls of the mechanism of ftormation of

laterite and bauxtite have long bLeen argued Ly soil

sclentists and geologists. Excellent review: o1 all
aspects of laterites {morphology, compositioan,
distribution, cliassification, origin, etc) bBave been

prepared by Sivarajasingham et al (1962), Maigyanic (1966),

Valenton (1972) and Hleakely (19b4).

2.2. DEFINITION

According to Prescott and Pendlenton (1952) it was duchanan
(1807) who tirst gave the name "laterite, which 15 merely
a translation trom latin "later" meaning "brick" and so
relating solely to the use to which these blocks are put.
It seems that rhere 1s no unanimity anong gealogists upon

the definition of the term "laterite", and this can be



cited from the works of Buchanan (1807), Babington {(1821),
Walther (1915}, D'Hoore (1954), Maignien (1966),
Sivarajasingham et al (1962) and Zeissink (1969). However,
it has been generally accepted that, the term will embrace
a hignly weathered material, rich in secondary oxides of
iron, aluminium, or both, it is nearly void of bases and
primary silicates, but may contain large amount of quartz
and kaolinite (Alexander and Clay, 1962). M .arlane,
(1983) reported that, some types of laterite 1wve the
ability to harden Iirreversibly when exposed and dried
(plinthite), whereas some aie gquite soft and remain so
alter exposure. The laterite wmay be few centimetres to
tens of meters thick., It may rest almost direct. n fresh
rock, but 1is more comnonly underlain by saprolites
(weathered rock, commonly kaolinitic which retains the
original! rock structures and .cxture). Saprolite zone
sometimes reaches over a hundred meters in thickness.
Freyssinent et al (1990), distinguishes the lateritic
profiles into five zones, these are from the base to the
top, fresh bedrock, coarse~grained saprolite, fine-grained
saprolite, mottled =zone and an indurated pisolitic

(ferricrete) fig.(2.1.).

Laterites are often reccgnisable by the segregat on of Fe,
Al, or both, to form a variety or structures and textures,
ranging from discrete segregaticn (pisoliths or r-dules) to
con' tnuous skeletons (vermiform or vermicular scructures)

(McFarlane, 1983).
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2.3. GLOBAL DISTRIBUTION

Laterites are widely distributed throucghout the world [(fiq.
2.2.) but especially 1in the tropical and i1intertropical
regions of Aftrica, Australia, India, Southeast Asia and
South  America. Distribution does not neccessarily
correspond to existing conditions of genesis, Many of
these occurrences are relics or fossils (Maignien, 196b),
Matgnien (1962) and Muckentiousen (1962) reported ‘hat the
faerr jenous soils in the USA can be largely classitied as
laterite. Some of the burried soils under the Condioze
Sandy Loam (Belgium) have all characteristics ol
concretionary ferruginous tropical soills. There are many
such examples. Laterites are widely distributed in semi-
humid and humad regions of the globe and 1n fossil state
ate  tound 1n drier climates, and sometimes even  in
toemperate climates. As 1ndurated occurences, laterites
vatend beyond sub~humid tropical climate to desert regions. P 4

(The African and Australian deserts) where they are

indication of more humid influence in the past.

2.4. LATERITIZATION ‘\
. L]
Elueze and Philip (1993) believe that the forirat i.bon of

laterites and lateritic profiles, that may contain ore-
deposits of Fe, Al, Mn, Cr, Cu, Au, and NI 1in several parts
of the world is due to a climate which i1s botu tropical
and consoonal, whose characteriscics include long period of
alternating wet and dry seasons. This variation results in
éa cyclic fluc?unggn of the giggq?water—table thot promote

| 467902
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intense chemical weathering arrfd alspo the prescnce of
suitable source materlals such as mafic and ultramafic
rocks. This may lead to the reeidual concentration aof base
metals by leaching of mobile elements by meteoric water.
This water may then carry thosg metals down the lateritic
proflles or down slope. These depnglts according to Elueze
and Phlllip (1993) are characterized as weathering-related
supergene enrichment of more or less immobile elements.
Foschl (198%) shares 1deas with Levinscon (1974) upon the
various stages of lateritic formation., According to them
during the first stage of lateritic weathering Al-Si-
bearing minerals become "kaolinlzed" prodacing s.prolite,
feolluwed by chemical reaction with tendency to mobilization
of alkali and alkaline earths end silica (fig. 2. .}. The
end product consists of a mixture of mainly geothite,
heamatite, and Al-hydroxides. Iron, after its release from
mineral migrates upwards in the ferrous state, elther with
the rising water-tuble or by capillary action, where it is
later oxidised to an insoluble ferric oxides intially
geothite but later this may change to heamatite. As a
result of the movement, iron beconmes separated from
aluminium. The largest concentrations of iron are found in
the massive zone {mottled layer}, which is at the highest
level reached by water-~tapble. The mottled colour is F irmed
by periodic oxidation during fluctuation of w.ter-table

(Levinson, 1974},

In tne ferruginous zone iron and aluminium are depcsited

12
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with a concretionary or pisolitic texture (fig. 2.1.). The
iron in the two layers according to Levinson (1974) are
ditie;ent both in morphology (pisulitic versus massive) and
processes of formation. Quartz appear to be stable in
ferruginous layer because 1t ie protected by coating of
iron or aluminium oxides. Gibsite [ ALO(OH)']) is t e first
aluminium oxides to form, it slowly converts to be -“mite [
AlO(OH)] and eventually even diaspore [ ALO(OH)] may form.
Laterites are subjected to further changes wicn tiin , which
may 1 clude erosion, a change in groundwater chemistry, and
depos.tion o0of a wind-blown cover al! of which result in
variation from ideal structure described above (levinson,

1974).

Thomas (1974) states that "laterite" developes near on the
land surface, an interface 1in an ecosystem comprising
atmosphere and biosphere above and lithosphere belinw., The
accumulation of laterite occurs during the late stages of
a land surface reduction cycle (McFrlane 1983)., McFrlane
(1976), distinguishes laterite into two main genetic
classes. 7These are; ground-water laterites and pedogenetic
laterite. In the case of ground-water laterites ‘“he iron
segregation appear to be within the narrow range of
oscillation of water table. Whereas, Thomas (1974) divides
the ‘'aterites 1nto two categories: wviz, pri ary and
secondary laterites, primary laterites are formed in situ
whereas, secondary laterites are those formed as a result

of erovsion and transportation of the primary ones.

14



2.5. LATERITIC ORES

Laterites and their derivatives have been tar exploited for
ages for alluvial Au, Sn and diamond concentrates, zircon,
apatite au well as Ni, Cr, Co mineralization. In somue
other cases, they have been ertoded and seqgregatoed into
massive clay-deposits as in Nigeria (Emafuriet. et al,
1995; Coker, 1986; G.C.U. 1981; Emofurieta and Salami,

1988; €£moturieta et al 1992,

Avia: (1978) provided a succint review of theories of
nickel-lateritic formation. For economic accumu ation of
a nickelferous laterite, a high original countent »nf Ni 1s
a prequistte Kuhnel et al (1978) claims that the economic
enrichment by laterites 1is restricted to a relatively
nickel-rich ultrabasic rocks, with an  average nickel
content of 0.2%. The most favourable are considered to be
Saxonite (harzburgitej and dunite in which Ni and Co have
partially replaced Mg,especially in olivine (de Vletter,
1978). The nickelferous-laterite profile is divisible into
two main parts: an apparent limonitic zone in which nickel
15 assocrated with iron oxides, and lower silicate zone in
which nickel occurs combined with silica (garnierite),

For formation of Mn-laterites, McFarlane (1983) reported
that, the parent rock should bt . rich enough in Mn, see

table 2.1 below.

'f".""'n.

' '..: ."q' |
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Tahle 2.1.: Manganese content of some parent roc s of Mn-

laterite
.arent Rock % MnO Tgurce
Gondites 13 Varentsov 1964
Manganege Carbonates 14 ~ 47 Varaentsov 1964
Metasedimunts {phyllite, 0.0y - 0.3 Nags=11 1964
gschigts etc) Varentsov 1964

Wember (1968) studied the mangan. farous laterites of Gabon.
Nagell {(1962) has provided data on the process of manganese
concentration in pisoliths (termed gronzon pellets).

Y
Initially smail (less than 0O.4cm in diameter) grozon
pellets increase in size up to 2cm in diameter, and this
physical growth 18 first accompa-ied py decrease in
relative amount of silica, but as pellets continue to grow
first iron and then aluminium are replaced by Mn. Since
size and age are clearly related this pattern shows that
pellets initially forming in upper parta of soll,
subsequently move downwards. This processes af “-rmation
place them within the pedogenetiec class of aterites
(McFrlane, 1983). Nagell (1962) studied the Mn-latarite of

Brazill protore,.

Cr c¢an alsc be brought *o economic accumulation by
lateritization. It has been corcentrated to 5% in Western
Australian laterite from an ultramafic parent rocks
containing 0.3% Cr (McFrlane, 1983). Ti, Zr, V, are also

krnown to accumulate in laterite (McFrlane, 1983).

Ward (198l) has described an economically variable

titanomagnetite deposit at Barrambie Western Australia.

16



For Cc the horizan of accumulation being usually a little
above the Ni-silicate zone, concentration of 1. »>J% are
exploited in Greenvale, Australia, (McFrlane, 19871). Au,
has sporadically been extracted from laterites but usually
on small scale. Diamond have «lso been extracted from
laterites where, they accumulate as residuum (McFrlane,
1983).

Poschl (1985) determined four types of lateritic ores as

shown below (table 2.2.).
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Table 2.2.5 Types of laterite ore deposits

Types of Ore Genesis Fxample
1. Saprolite ore "Release™ of Cassiterite,
chemicaliy central Goidas,
resistant mineral Brazil-gold
1 by saprolitization serra Pelada-
- Brazil semi-

pr-'n‘iuu:i slLone,
Brazal.

2, Residun! ore Relatively Haematite-rich
. concentration of ore: Brazil,
. chemically Australia

resistant minaerals,
through selective
solution,
particularly of
alkali, alkaline chromite=
earths, silica Philipine-Papua
Niw 1inea
pyrochlore,
apatliie, anatase,
"ire. 1, mincral;

. Enrichment by Bra 1. Alrica

vertical solution Besides

trausport concentration in Bauxites Ni-
the residuum, later 1bes,
vertical ion- llateritic Mn ores
migration play wealber 11
adecisi ¢ role in phosphates
the formation of

4. Enrichment by ore

lateral colution

Liwnspart Lateral ion pulymctallic
migqrations of concenrations in
metals limonilte crusts

and saprolites:
Australia Zn-
oxides ores:
Brazil Australia

In the practice of geochemical prospecting in laterite area
according to Poschl (198%5) marked ancmalies of Lon-toerrous
metals are frequently located, The examinati-n of which
does not, nowever, shcw any siqgns of mineralization in the
bedrock. It is false anomalies which make xploration

difficult and expensive, Instead of regardine this as a

18



hinderance for prospecting of primary ore bodies, Poschl
(1985) believes that these false anomalies hould be
examined for economic concentrations within the .aterites.
According to Poschl (1985) systematic investigation are
lacking. From limonitic c¢rusts and saprolit s in the
Ban c¢mall area in Western Australia, however, the following
values are quoted by Moeskops (1980): Zn up to 1., Pb up to
0.25%, Cu up to 0.1%, The wecthering profile 1o 40 to 70
metres deep here. The bedrock is Proterozoic slates and

dolomites without traces of mineralization (Poschl, 1985).

2.6. METALLOGENY OF LATERITIC ORE-DEPOSITS

2.6.1. Metallogenetic Epoch

The  invddurated laterite ol Queenland Australia 18 of
Pliocene times, while in €Ceylon most of the crusts are
probably of Pleistocene and Pliocene age or even older
(Whitehouse, 1940). Fernando (1948) and Rule (! 34) dated
the laterites ot Ituri (Congon) as Middle and Late
Tertiary. Michel (1960) is of the opinion that, the first
levelling surface of basin of fenegal and Upper cambia 1s
Lowe . Cretaceous, while the second 1s Eocene and Lowe

Feringinous crust 1s of Neogence age,.

The first major period of lateritization in frica 1is
probably in Tertiary, and developed on Cretaceous 'evelling
surface (Maigien 1966). Pendeiton and Shanasuvana (1946)
attribute most soil lateritization to T liary period and

principally to Pliocene and Miocene epochs. Invariably the

19



geological periods marked by high raifall and accompanying
drought and absence of earthh movements, are 1. 2al for

formation of laterite.

Though most of laterite depositse are easlly postulated as
prehistoric geological occurence reauiring a great length
of time, yet there is no evidence to support the hypothesis
that lateritization must require millions of years to occur
Persons (1970). And there are however many cases of

laterite of present day formation (Harrison, 191.,.

2.6.2., Metallogenetic Province

Laterites and lateritic deposits are a function o: climate
and rock type, a c¢limate which is both Lropical and
mansoonal, whose characteristics include long weriod of
alternating wet and dry season, and rock which ran easily

Le altered will favour the formation of laterite.

Intertropical regions of Africa, Australia, India, Asia and
South America are the known metallogenetic provinces of
laterites. Though, some deposits are recorded outside

these provinces around the world.

2.7. EXAMPLES OF SUCCESSFUL EXPLORATION IN LATERITIC AREAS
OF THE WORLD

2.7.1. Australia

Vast areas of Australia show substantial lateritic

weathering. This applies to the ~entral and weste - n parts

20



of the country as well, with a geologically young cover of
desert-soils. Until some decadess ago the laterite areas
were unexplored. The basis for the country's rise to its
present position as a "raw material power" was in part,due
to the discoveries of major lateritic depasits (such as,
bauxites at Weipa i1n 1955 and the Hamersley iron-ore in
1957) and in part to the development of ability to locate
primary oré bodies beneath lateritic covers. The discovery
of nickel-copper sulphide deposits at Kambalada in 1966 was

the beginning of long series of exploration (Posch: 1985).

2.7.2. Hrazil

Farly n 1967 prospecting of manganese deposits began 1in
the t.opical rain-forest of eastern Amazonia. In mid 1967
in the course of this campaign geclogists landed w n their
helicopter on a grass covered hil!l 200 meters «iove the
surrounding jungle. The cause of this geobotonical anomaly
proved to be heamatite ore, Mewnwhile, 16 million tonnes
of 11on-rich ore have been found 1in Serra dos Caralas

{Poschl, 1985).

Laterite nickel deposits have been known in Brazil since
the last century, accounting for about 350 x 10° tonnes of
ore with average of 1.5% Ni, These deposits are scattered

throughout the country (Oliveira et L, 17902),



2.7.3. Indonesia

Indc .esian nickel laterite resource 1s estimaved to he
19,1 ¢ aof contained nickel. It is the third larg. .t in the
world atter New Caledonia (27.7Mt) and Cuba (27.3Mt).
Annual national mine output is around 845,000t of nickel

{Chadwick, 1996).

Chadwic.. (1996) reported  tha. Saroako's ({ Indunesia)
integrated mine and smelter complex 1s one of the largest

lowest cost nickel laterite operation in the world.

2.7.4. Nigeria

According to Emofurieta et al {1995) the economic
inportances of laterites are numerous to list ana cannot be
over-emphasized. Unfortunately, their study has not
recerved the proportionate attention they deserve and this
resulted 1n downward trend 1n wineral
exploration/exploitation prograrmmes of many developing
couuntrics, especially Nigeria. However, somn. notahle
attempts have been made in the last few years by Matheis
(1978) who 1dentified the Cr-Ni-Co mineralization 1in
amphibolite-derived laterites from I[fe-1'esha arca of
southwest Nigeria. Emorturieta and  Salami ({1988)
emphasized the economic importance of paper-white kaolin
drived through chemical weathering of pegmatite  body
occuring in Ibadan area southwestern part of Nigeria.
Bauxite occurence have dlso been reported to have tuimed

through extensive lateritization in southern part of Jos
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(Valenton and Bassner, 1986). Mesida (1978) found some
laterites and lateritic clay quite useful for mak ag high
quality bricks in southwestern Nigeria, They have
compressive strengh of between 4,200 KN/m' and 6,900KN/m’,
The study carried out by Elueze and Philip (1993, on the
miner-.logical and geochemical features of laterite profiles
around ITA-OSAN, southwest Nigszsria indicates sssible
metallfzat;on associated with the lateritization in the
area. According to them the mineralogical characteristics
and chemical trends indicate thut the surfacial horizons
are particularly leached of Fe, Mn, Ni, Co and Cr

consequent to incipient decomposition of the bedrocks.

Accumulation Factor (AF) and gains and lcoses of element
(K) as well as pH data indicate a possible concentration of
Ni, Ca, Cr and V down the profile essentially in the

saprolite zone above mafic and ultramafic units.
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CHAPTER THREE

GENERAL GEOLOUGY

3.1. REGIONAL GEOLOGY

The carea of the study 18 1in and around the city of Kano
which falls within the basement complex of central! Nigeria
(fig.3,1.}. The Nigerian basement complex lies within the
Pan-African mobile belt east of West Africa Craton. The
belt comprises two sectors; Viz: The Tuarey shetld and
Togo-HdBenin-Nigeria sheild. These two sectors are seperated
by extensive Phanerczoic sediments. The Nigerian basement
complex outcrops over large part of the country in broad
shei1lds which are separated by various sedimentary basins
{fig.3-12). The complex comprises the northwest, north-
central, northeastern, and southeastern parts of Nigeria.
This sheild forms a continous fterrain which extends
eastwards from Republic of Benin to the Rep blic ot

Cameroon.

The Nigerian basement complex is classified into three main
subdi sision (McCurry, 1976, Ajibade, 1982):
11}, Migmatite - gneiss complex comprising iotite-
hornblende gneisses, quartzites and quartz schists,
small lenses of calc-silicate rocks, piotite-

hornblende schists and amph hbolites.

(11). Low to medium grade metasediments which consist
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of schists , phyllites, quartzites etc. They are
mainly restricted to the western half of Nigeria
(McCurry, 1976). They form belts known as schists
belts, each belt is surrounded by the migmatite-gneiss

complex and older granites.

(iii). Older granites which comprise rocks that are
!urther subdivided into three subdivisions, basic and
intermediate intrusives, migmatites and syntectonic to

late tectgnic granites.

3.1.1. Geologic Evolution

Generally, four orogenic events, namely Liberiarn (2800 =+
200Ma), Eburnian (1900 + 250Ma), Kibaran (1100 + 200Ma) and
Pan-African (600 #+ 150Ma) have affected the Nigerian
basement complex giving it a polycyclic nature (Rahaman,
1989, Ajibade and Fitches, 1988). The migmatite - gneiss
complex constitute the basement to schists and are accepted
as the older rocks. They are considered to conta-n rocks
of Archean age which have been deformed and modified
several times prior to the Pan-African orogeny. Evidence
from Ibadan area indicates that the Archean rock: include
metasedimentary and metavolcanic which were deformed and
modified before the emplacement of the Eburnian granite
gneiss. The granite gneiss 1s also considered to t.ave been
derived from pre-existing rocks by partial fusion (Burke et
al, 19786). The early Eburnidan event was |, obably

accompanied by sedimentation, deformation, metamorphism and
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syntectonic igneous activity. However, no reliable
evidence for this Eburnean plutonism is known y=2t, until
more detail field and geochronological data become
available from many parts of i(he basement. Some of the
schist belts of NW Nigeria have yeilded ages varying from
600m.y to 700m.y which suggests a major Pan-African
deformation in the region. Evidence for the Kibaran
orogeny comes from Ile-Ife granite gneiss (Grant et al,
1972). The Pan-African orogeny 1is represented by rocks
with ages in the range of 650 - B50 m.y with a predominant
N-8 structural trend. Table 3.1 shows the generalized
succession of metamorphic rocks 7»f the basement, affected

by the four orogenic events.

3.1.2. Regional Structures

The majority of features have a N-S trend. Other trends
are NE-SW and NW-SE. Infact, majur rivers dre structurally
controlled by these main strike direction of featares, an

example being River Hadejla.

The predominant NeS5 trend is due to the Pan-African Orogeny

600 m.y which affected most West Africa (Grant, 1978). A
few E-W trends exist. These are due to pre-Pan-African
events., The regional strike of foliations in the rocks of

the basement complex are well-defined N-5 trends, while

fold axes appear to maintain a N-S trend.
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3.2, GEOLOGY OF KANO METROPOLIS
The main lithologic units mapped in the area of the study
include:

6. 3upercrustal deposits
5. Minor intrusions
4, Granites
3. Grancdiorites
2, Dicrites
1. 3chists

The geclogy ©f the area is shown in Fig 1.1,
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3.2.1. Schists

In hand specimen, the schists are fine to medium grained
schistose rocks of argillaceous to arenaceous character.
They are reddish (rusty) to greenish grey in colour, and
are highly weathered (plate 1). They are found associated
with diocritic boulders at locality MI and M348 to the
central north of the area (plate 1 & 1I). This association
1ndic&te$ﬁthdt the schists have been intruded by small
dioritic bodies, and hence, are considered older than
diorites 1n the area. The schists occupy an arec »f about
52.5km’ within the "walled city" to the northcentral! part of
the area (fig.3.2). This comprises approximately 5% of the

total area mapped. The schistc.e units mapped ¢ 'sist of

mica-schisgts and quartz-schists. No thin section was made.

3.2.2. Diorites

These are dark greenish-grey in colour, medium o fine-
grained i1n texture. They outcrop as rounded to subrounded
boulders, (plate 1 & I1). These dioritic bodies occur in
both the schists and grdnadiorites (fig 3.2}. Their true
attitude 1is difficult to ascertain because they are
generally only seen as float or boulders (plate [ & 11).
They occupy about 3% ot the total area mapped, at the

northcentral and southwestern parts (fig 3.2.).

In thin sectiuon the diorites are made up o:. mainly,
plagioclase (An25-An40), biotite, hornblend, ., roxene,

olivine and accessory, apatite and opaque mineral. Quartz
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is completely absent (?). The feldspar form subhedral
crystals, which intergrows with pyroxene and biotite. K-
feldspar is represented by few crystal of orthoclase, which
intergrow with biotite. The ﬁlagioclasa constitute
approximately 58-60% of the chemical composion of the
diorites. Pyroxene crystals are seen intergrowing with
olivine (fig 3.3.) (which alters along fractures to iron
oxides). The pyroxene are mainly clinopyroxene, avagite and
aegirine. Biotite 1s seen intergrowing with hornblende.
The opaque mineral are identifieu to be mainly macnetites

with rew tiny crystals of chalcopyrite.
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Plate I: Photograph of a highly weathered schis ', seen

overlain by a diorite boulder. Locality M1 (fig.3.2).

- -~ ;“:;.‘ '.:“

Plate | [: Photgraph of a weathered dioritic boulder showing

b |
) !

characi.eristic exfoliation. The dark reddish backg.ound is

a weathered schist locality M38 (fig3.2).

i
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3.2.3. Granodiorites

The granodiorites constitute about one quarter of the total
area mapped (fig 3.2.). They outcrop mainly in the western
portion as large or massive boulders (plate [ ) & At
locality M14 they outcrop as low lying bodies. Guenerally,
the rocks look massive. In handspecimen, the r1ocks are
porphyritic in texture, with p.cnocrysts of pl ioclase
euasl ) tecognisable on field outcrcps ang handspecimens.
Generwlily, light 1n colour, however, look spot. d with
segregat.on or clots of more mafic portion which are mainly
hornblende and bilotite. In thin section, pluayioclase
(Anl7-An40) is the most abundant constituting abou® 5H5-60%
of the total chemical composition of the rock. Quartz 1s
Seen intergrowing  with plagqilioclase as da mermekite.,
Hornblende forms prismatic crystals intergrowing with
biotite. The accessory minerals are mainly apatites and

opaqu.: minerals (fig 3.4).

3.2.4. Granites

The granites constitute about three quarter of « .e total
area mapped (fig 3.2). They are of two types nd may
differ 1n age; these are the prophyritic granttes and the
medium-grained granites.

+. The porphritic granites

These ar» the most abundant granites in the s .4y area
{fig.3.23. They wvary 1n colour from pink to light
varieties. It appears that the propaortion of the white

milky or pink phenocrysts of foldspar i1s responsible for
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this variation in colour (plate IV & V), The are. extent
of these rocks gives the impressicon that they are a part of

a large batholith(?).

Aligr en* of feldspar phenocrysts and dark minerals 1is
obser "2d in outcrops to the soutu western part (v .rt VI &
VII), al! in a N-S trend. Also observed are minor bodies
of aplite dykes (plate VIII). In thin sectior gquartz
constitute the must abundant mineral, microcline cccurs in

a large phenocrysts (fig 3.5), and (fig 3.R),

33



Plate 1I7I: Photograph of typical - occurence

granodiorite. Locality M29.

Flate IX: Photograph of a contact trending N30°E between a
foliated porphyritic granite (A) and a medium-grained

granite (B).
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PlatelIV: Photograph granitic outcrop at locality N10

(Tamburawa Dutse).

Granite Granite

Plate V: Photograph of Challawa River with granitic outcrop

at the two banks. Locality M4,

36



.

Plate VI: Photograph of highly wheathered and foliated

porphyritic bictite granite. Locality M4.

Flate VII: Photograph of a whale-back shaped out .op of a
folisted porphyritic next to the outcrop in Plate VI above.

Locality M4,
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Plagioclase phenacrysts (An20-And0), and ortho 'ase are
seen. Biotite is usually intergrowing with hornblende,
The accessory minerals consist of apatite and opaque
minerals. Intergrowth of quartz and Na-feldspar as a
mermekite is also common, which indicates that the rock has
been subjected to deformation.,

ii. The medium-grained granites

Theso, are equigranular and vary in colour from light to
pink colour, obviously, the proportion of pink or white K-
felspar 1s responsible for this variation in col.ar. They
occupy small part (fig.1.1). It seems that they have

difterent crystallization history with the prophyritic

varieties. They outcrop at locality M4l (fig.3.2” in a big
dite'n as a highly jointed igneous body overlain by
laterites, Blocks of rock are seen detached o ong this

joints (plate XVII1). The joints trend N-S, N20'W, N40'E,
N60'E, N43°W. At locality M3 they form a small ..:1]l known
locally as "Magwan" or "Dutse Magwan". The rocl.,; at this
locality are massive, At locality M8 it occurs as a high
weathered igneous body (plate XVIII). At locali.y M27 to
the southwestern part, the rocks appear foliated. The
foliation trend 1is similar 1in direction as 1in the
prophyritic varieties with which they form a sharp contact
trending N30°E (plate IX). In thin section, crystal of
microline, quartz, biotite, orthoclase and accessory
minerals (apatite, opaque mineral) are seen, (119 3.8.).
The mineral assemblage of this rock is similar to _he other

granites (compare, fig 3.5 and 2.8).

39



sl ide M4

- Microcline

|'J - "_'\‘[I,'_)!'_;‘:
\ —  Biotite

N\

A

= Orthiclase

- Opaque nuneral

Apatite

Jmm |
| :

Fig 3.7.: Sketch of photomicrograph ot granite (¥PL)

S5lide M3
o = Quartz

Biotite

—Opaque mineral

— Microcline
. Orthoclase
'-‘_,
\{ - {.\lblrl:

e

Fig s.H.: Sketch of photomicrograph of medium gra ned

qranite

40



Mlate VIWlrhotograph showing o porphyritic brolbite gramte
intruded by an aplile dyke Lo Lhe lett. Localit, Mb, along

a biyg diteh near Yankaba "Moloo Park”



3.2.5. Minor Intrusions
Same minor dykes and veins of aplice, quartz and , -gmatite

arve found ntruding the major rocks of the study area.

i. Aplite dykes
A major aplite dyke is seen intruding porphyritic granite
at locality M5 (plate VIII). The dyke trends N26'E. Other
aplite dykes are seen at locality M10 intruding porphyritic
granite, and to the north of this locality, at locality M21
intruding the same rock type with similar trend i.e W-E.
At locality M43 also 1is an aplite dyke intruding
porphyritic granite but trending in N-S directinna. The
rocks are very fine-grained and individual crystal. can not
be identified with a naked eye. Generally, they are light
in colour, but in some localities are stained an appear
dark brown. This is due to surface weathering. In thin
sectirn, the mineral assemblage oi these rocks is . ientical

with that of the main granitic rocks (fig 3.6.).

ii. Quartz veins
Many quartz veins hive been enccuntered during this work,
but only few of these form mappable units. At locality My
a (quartz veln intruding a granitic exposure, with thickness
ol bcm 1s seen (plate X1X). Velns are abundant in this

dled.



111, Pegmatites
Po gmatites also occur in the study area. They seemed to be
more confined to areas underlain by granodiorites(?). At
locality M26 a pegmatite vein 1s observed 1ntruding a
highly weathered granodiorite rock. At loca 1ty M28
pergmatite veln 1s observed cutting an exposure of saprolite
developed over granodioritic rocks. It has a relatively
larger si1ze (about 30.m) and consists of large crystals of
qQuartz (10cm 1n diametre) with muscovite and larqge crystals
ol teldspar. The vein 1is vertical and strikes L-E. At
locality M43, weathered pegmatite vein is seen cutting a
saprolitic exposure. 1t consists of very large crystals of

fteldspar and quartz.

3.2.6. Superficial deposits

Superficial processes of wealthering, erosion andl
deposition, have affected the study area and resulted In
the  formation of  products which include, laterites,

alluvial deposits, solls and clays.

Widespread lateritic developement has been obstved, the
discussion of which will be followed 1in the next chapter.
Alluvial deposits are found mainly confined to valleys of
Maje. streams and rivers. Broad expances of grey and brown
Saln soils cover much of the qground. Such =o0ils have
widespread distribution in the area., The suils ' the area
are characterized by weathering profiles containiag yellow-

red sandy clays.,
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1.3. STRUCTURE

From the earlier descriptions, it is evident that the
geological structures af the area ol study are, fracture
and foliation. The trends o¢f these structures show a
predominat ing NNE-SSW direction which is dominan. over the
F-W frends as can be seen from the rose diagram (fig 3.9).
These NNE-SSW trends probably depict the final 1o rints of
fhe Pan-African orogeny while, the E-W trends may depict
carlier wmetamorphic episode (Grant, 1971). Hence,  two
tectono-metamorphic  episodes  can be assumed to have

voccurred 1n this areaq.

Foliation seems to be contined only to granitic and
schistose rocks of this area. In granites, the predominant
foliation trend observed 15 N-5. In the schists,
schistosity is well developed and trend predominantly Nk-

SW.

Field mapping reveals the existence of fractures, some are
intfilled by quartz. Two sets of joints can be recognised:
o predominant NNE-SS5W trending joint selb  and a less
predominant jouint set trending almost E-W. The wmeasured
joints are: 0°, 20°, 0°, 18°, 20°, 22°, 21°, 22°, 24°, 30°, 32°,
31°, 38°, 40°, 30°, 35°, 60°, 42°, 41°, BO°, 85°, 87, 90°, 90°,
gg®, 100°, 300°, 310°. No major fault displacements have

been observed from the fieldwosk.

14



b L4

- 319

Y

Rossette plots of

granodiorite and schists.

joint

and ftoliation

11

Jranite,



CHAPTER FOUR

LATERITES AND LATERITIZATION IN KANO METK 'OLIS
4.1. INTRODUCTION
Laterile has a wide distribution Iin the area o study,. It
cu.ers almostly all rock types of this area, but varies in

intenstty of development from one place to an e,

4.2. TYPES OF LATERITES
Geomorphological ly, the late: ites encountered 1n this area
can be distinguished into three types:
(1). High-level laterites which are found capping
summits of high lands, ridoecs and hills (fig 4.1.)
and (plate X and X1).
11, Low-level laterites found 1in low lands and
usually exposed along buanks of man-made pits, or
ditches (fig 4.1.).
{111). The ftepot-slope laterites which ar found down

slope (fig 4.1.).

4.3. STRUCTURES OF LATERITE

A varitety of textures and structures are exhibited by these
latvrites., The high-level types encountered av locality M
(Coroun Dutse) and M2 [(Dalla hill) show spaced-pisolithic
structures which, consist Of reddrsh brown giscrete
lisoliths of 1ron-rich materials. These pisoliths are

lovsely cemented and can easily be breken (plate XX1). As
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indicated by their high altitute, these types can be
assumed to be the oldest. The low-level laterites

show two types of structures, the packed-pisolithic (plate
XI1) and also vermiform structures which are coherent and
continoug, without any apparent pisoliths. The variation
in structures of these types may be mainly due to
difference in environment of formation. The foot-slope
types show packed pisolithic structures that consist of
cemented pisoliths, the cementing materials are iron-rich
and clayey 1in nature. These types are the products of
cementation of fragments of hign-level laterites that
rolled down slope, and hence they are colluvial in nature.
Another type of structure encountered in this are 1is the
one exhibited by the laterite found at locality M4l (plate
XX ), which are only a few cm in thickness and lie cirectly
on the fresh bedrock (plate XVII). They show gritty
structure that consists of grains of quartz of almost equal
size cemented by a reddish iron-rich clayey materials and
a dark segregation which may be of manganese oxides, It
secms that both intensity and dvration of lateritization
were not enough for the rock to alter, or likely, the
laterites were transported from somewhere else and were
deposited on the top of the bedrock which occuplies a

depression, or possibly lateritizod alluvial deposits,
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Plate X: Photograph showing Dala hill with a lateritic cap
near the hill is 1 big ditech in which dioritic boul 2rs are

seen scattered. Locality 38,

Plate XI: Photograph of Goron Duise capped with laterite.

Locality M1,
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Plate X1I: photograph of Badawa Ditch, showing a vertical

lateritic ]'_JI\'.JIi.!l: at lOCd]iLY ME .

A = Ferruginous layer, or ferrcrete = thickness - 1.5m
B = Mottled layer = thickness = 2.5m
B = Saprolitic layer = thickness >6m

Photograph of an indurated lateritic layer on

top of Dala Hill at locality M2,



4.4. LATERITIC PROFILES

The laterite piofiles encountered vary greatly 'rom one
locality Lo anather tollowling Lhe itnlensity Ot
lateritti-ation (plate XIV, XV, XVI, XVIil). All laterite
prof ' les encountered  are  foud to  be underlain by
saprolites, except the transported varieties, The Lyplceal
laterite profiles 1n this arca can be distinquished
virr t 1:-;.1 ly intoe four zones (Lig 2.1). These are from the
base to the top, fresh bedrock, saprolite, mottled zone and
514 indurated pirsolithic (ar ferricrete) layer. The
saprolite layer can further be irecognised into, ¢ rse and
Fine qraitned zones. The field recognitiron of these four
zones an the laterite profiles was based on, vear Llon in
colour, texture and composition of each zone. Letters, A,
H, C and D were designated for each zone trom top 1.e
indurated, mottled, saprolite nd down to fresh bedrock
zone (plate X1V, XV, and XVI). The thickness of  the
profiles varies from one localilty to another following the
imtensil y or degree of lateritization. It ranges belweern
Toew cm (plate XVIDI) to tens of meters {(plate X111, XIV, RV
and XVI). Along some prafiles decomposed pegmatites and
Quartz wveins are present cutting the saprolite layers.
These layers retain the structure of the pre-existing
bedrock as ftound at locality MHB (plate XIX), vhere Lhe
decomposed bedrock can be recognised casily as o medium-

gralned granite.
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Plate X1V: Pnotograph of a developed vertical lateritic

profile showing the various zonal succession:

A indurated ferruginous layer (fterricrete)

B mottled zone

C = saprolitic layer, with side sketch to illustrate this.
Samples were callefled from each of these layers. Lo ality M8
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Flate XV: Photograph of another well-developed lateritic

profile at locality M28



Plate XVT: Photograph of a \ .,tical laterite profile
showing-* A topsoil A mottled laver B. indicated ferruginous
layer, C saprolitic layer, along with the height of each

layer at locality 34.

Plate XVII: Photograph of a poss:bly transported lateritic
profile lying directly on a medium grain granite rock, note

the absence of caprolite layer. Lorality 23.
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