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ABSTRACT

The nature of the lateritic profiles above the Precambrian basement rocks n Ibadan area, southwestern Nigeria, was
investigated using petrographic, X-ray diffraction and chemical techniques. The objective of the investigation was to determine the
compositional variations within and between the residual profiles over the different rock types in the area with a view to know the
trend of weathering.

Polished and thin sections of the fresh rocks, clay and laterite samples collected were prepared for petrographic studies.
Powdered samples were also selected for routine mineralogical analyses using Philips-PW/1010/02 X-ray diffractometer. Major and
trace elements compositions of representative samples of the rock and the overlying clay and laterite were determined using an
Atomic Absorption Spectrophotometer (AAS), and a Philips PW 1480 automated X-ray fluorescence (XRF) spectrometer

Mineralogical studies show that the weathering profiles are composed mainly of quartz, kaolinite, goethite and limonite.
Petrographic studies of the polished sections of the clayey and laterite samples show that, kaolinite is from the alteration of
feldspars while the Fe-minerals are from the decomposition of biotite and hornblende present in the rocks. Other minor componen(s
include’illite, halloysite and anatase.

Geochemical dispersion trends between the upper reddish (ateritic horizon and the lower greyish kaolinite zone suggest
leaching of SiO,, Na:0, Ca0, MgO and KO relative to AlO3 and Fe;Os. The removal of mobile elements by meteoric water and
subsequent concentration of stable weathering products results in lateritization Also, bauxite minerals such as gibbsite, boehmite
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and diaspore are absent in the profiles. This shows that the trend of weathering' is towards iron enrichment (ferralitization) rather

than alurminium accumulation (bauxitization).

INTRODUCTION

The Precambrian basement complex of southwestern
Nigeria consists predominantly of gneisses, schists and

4 Guartzites, into which granitic and basic intrusives have been

emplaced. These crystaline rocks have generally been

. weathered into ferralitic and ferruginous tropical soils (D'Hoore,

1964). Translocation and redistribution of the weathering
products through groundwater and percolating rainwater under
appropriate Eh and pH conditions result in lateritization or

- duricrust formation (Norton, 1973).

[

Geochemical investigations by Tietz (1983) indicated
that laterite profiles over amphibolites and mica schisls are
commonly depleted in Al, Fe, Mn, Ti, Ni and Cr downwards,

while Ca, Na, Mg and K increases in the same direction due to

leaching. Onuogu and Ferrante (1986) suggested that sall
analyses may assist in location of zones of nickel
mineralization over amphibolitic complex. Emofurieta (1988)
evaluated the economic potential of the residual profite over a
pegmatite rock in Ibadan area using geochemical,
mineralogical and physical properties as indices. Elueze and
Bolarinwa (2001) appraised the industrial suitability of clay
occurrences in the weathered profiles in Abeokuta area,
southwestern Nigeria.

in Ibadan area of southwestern Nigeria, thickness of
the weathering profiles over the basement rocks range
between 5 and 30m. Exposures of vertical profiles in the area
distinguish three major horizons, namely, the topsoil, iron-rich
laterite and clayey zone. The variations in colour, texture and
composition of the various zones within the profiles depend on
the parent rock and the prevailing chemical environmental
conditions. Transition between the zones is gradual, while in
some cases the weathering products preserve the textural and
structural features of the bedrock.

Aspects of the geology and geochemisiry of rocks in
Ibadan area have been studied by many workers including
Jones and Hockey (1964), Grant (1970), Oyawoye (1972),
Elueze, (1982), Bolarinwa, (2001) and Elueze and Bolarinwa

2004)

Basement rocks, weathering,,geochemistry, laterite, Cféy minerals.

The objectives of the present investigation are to
identify the major rock types in the area and the characteristic
features of the overlying profiles, and also to compare the
mineralogical and geochemical patterns in the profiles
overlying the various rock types

FIELD CHARACTERISTICS OF THE WEATHERING
PROFILES

A 6m thick weathering profile over banded gneiss is
exposed at about kilometer 58 along tbadan - Lagos Express
road and lbadan-Abeokuta road (Fig. 1) Four. distinct
horizons are recognised based on the calour, texture and
preservation of relic structures  The topsoit in this profile is

- about 0.5m thick, brownish in colour and rich in organic matter
“The underlying laterte s yellowish brows, concretional and

partially -consolidated. This layer is about 1.5m thick. Below
this layer is the' compact, clay-accumulated zone that is
brownish yellow in colour. The layer, which is about 2.5m thlrk
grades into the undertying saprolite

Quartzite and quartz-muscovile schist are widespread
around Ibadan (Fig. 2). They form prominent elongated ridges
in the area. The characteristics and depth of weathering above
this rock type vary considerably with the mica content The
coarse type with little mica are resistant to weathering, while
the micaceous varieties charactensed by schistose texture are
easily decomposed.

A thick weathering profile exposed at Boluwaji areg of
Ibadan (Profile 11, Fig 2), consists of four major honzohs
Thin, foose topsoil is underlain by a gravelly and reddish brown
laterite. Angular quartz pebbles are scattered within this
horizon. The thickness of the topsoil and the brownish laterite
layer does not exceed 0.5m and 20m respectively

Immediately below the laterite horizon is an extensive zone of = ¢

brownish yellow - lateriic  clay  The layer is dominantly
composed of gritty clay of about 7 Om thick. Underlying the
clayey zone is the whitish saprolite layer

Pegmatite dykes cut across most of the gneisses and
schists in Ibadan area (Fig 2) They are pinkish in colour due
to the presence of microcline. The plagioclase feldspar rich

A. T. Bolarinwa, Department of Geology, University of Ibadan, Ibadan, Nigeria.
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Fig. 2: Geological map of ibadan area (modified after Jones and Hockey, 1964),

showing the weathered profile locations.
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varieties are whitish in colour. They are generally coarse
grained with a graphic texture.

A weathering profile above pegmatite rock around
Toll Gate (Fig. 2), near the Ibadan end of the lbadan-Lagos
express road, shows four gradational horizons. The first is the
topsoil, which is brownish, loose and humic. The second
horizon is brownish yellow and gravelly. The total thickness of
these two horizons is not more than 2.5m. The third horizon is
yellowish and clayey. It is about 5m thick. The fourth zone
constitutes the saprolite.

ANALYTICAL TECHNIQUES

Polished and thin sections of the fresh rocks, clay and
laterite samples collected were prepared for petrographic
studies. Some powdered representative samples were also
selected for routine mineralogical analyses. using Philips-
PW/1010/02 X-ray diffractometer of the Department of
Geology, Obafeini Awolowo University, lle-lfe. Diffraction
patterns were compared with established standards and
interpreted using the JCPDS (1974) X-ray powder diffraction
file.

Abundances of major and trace elements of
representative samples of the rock and the overlying clay and
laterite ‘were determined using an Atomic Absorplion
-Spectrophotometer (AAS) of the Centre for Energy Research
and Development (CERD), Obafemi Awclowo University, lle-
He.

Powdered samples were digested with 5ml of 42%
concentrated hydrofluoric acid (HF) and 38% concentrated
hydrochloric acid (HCH) in a tightly covered digesting bottle.
The digested samples were analyzed using an Alpha 4 Chem
Tech Atomic Absorption Spectrometer (AAS). Determinations
of the major elements Fe, Mn, Mg, Ca, Na, K, Ti, P and trace
elements Co, Cr, Cu, Ni and Zn were achieved using four AAS

. . 7
standard solutions of known concentrations. Alphastar
software was used for dala acquisition and treatment. Al was
determined using colorimetric method while Si was by
subtraction. Results of the elemental concentrations in parts
per miflion (ppm) were converted to percentage oxides using
appropriate factors.

Duplicate samples in discs were analysed at the
Geochemischen Institute, Georg-August-University,
Goettingen, Germany, using a Philips PW 1480 automated X-
ray fluorescence (XRF) spectrometer. Data processing was
controlled by the Philips X40 software package. Discs for both
major and trace elements determination were prepared at
1100°C using spectroflux 100 (Johnson Matthey GmbH®
comtaining lithium telraborate. Weight percent water was
determined gravimetrically by loss on ignition (LO!). Details of
the analytical procedure are presented in Bolarinwa (2001).
Results of the whole rock geochemistry of the fresh rocks and
the weathered materials are presented in Tables 1 and 3 - 7,
and illusfrated in Figs. 9, 10 and 11.

Measurements of pH values of prepared slurries were
obtained with a standard meter. The pH value of each sample
was measured using a pH meter standardized with a buffer
solulion. Results of the pH tests are presented in Table 2 pH
value is a measure of the acidity of the weathering
environment. The variations with depth of the pH values are
discussed under the different rock types.

MINERALOGY OF THE PROFILES

Petrographic study of the banded gneiss shows mafic
bands composed of biotite and hornblende alternating with
felsic bands of quartz and feldspars (Fig. 3). The X-ray
diffractograms of the weathering profile illustrated in Figs. 4 a,b
and ¢, show prominent peaks for plagioclase and microcling in
the parent rock (Fig. 4a). Biolite and muscovite are also

i
Fig. 3: Photomicrograph of the banded gneiss showing
mafic band of biotite (b), in between felsic bands of
quartz (q) armmd plagioclase feldspars (pg), crossed

polars, x 2.5mm,

quartz and kaolinite.  Other minor peaks are those of
plagioclase, goethite, and zircon.

The X-ray diffractograms of the quariz-muscovile
schist weathering profiles are shown in Figs. 56 ab & c.
Muscovite peaks are recorded. at 3.35 and 1.98A in the rock,
while phlogopite and plagioclase peaks are recorded at 1.66
and 2.01 A, respectively. Quartz peaks are recorded at 4.26,
2.46 and 2.28A values. Prominent kaolinite peaks are
reflected at 7.13, 3.56 and 2.34A values in the clayey zone
and the laterite. Other minerals present in the laterite zone
include goethite and hematite. Although muscovite 1s usually
resistant to incipient weathering, it is altered to kaolinite at
advanced stage of weathering.
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Fig. 4: X-ray diffraction analysis of the banded gneiss

167 and 1.54A values. The clayey zone and the laterite profile in Ibadan area. a — rock, b - clay, c — laterite, Q -

diffractograms (Figs. 4b and c) display prominent peaks of quartz, M - microcline, P — plagiociase, | - illite, B —
. biotite, K ~ kaolinite, G — goethite, Z - zircon.

reflected. Notable quartz peaks occur at 4.26, 3.35, 2.46, 1.82,
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Petrographic study of the pegmatite rock shows large
crystals of quartz, albite and microcline (Fig. 6). In thin section,
the laterite and the clayey horizons are composed of fractured
quartz, limonite, goethite and clay minerals (Fig. 7). in the X-
ray chart for rock presented in Fig. 8a, conspicuous peaks of
microcline and plagioclase are recorded at 3.24 and 3.17 A,
respectively. The clayey zone is composed of kaolinite,
halloysite and quartz. The muscovite flakes in the rock persist
in the clay zone (Fig 8b), while goethite is recorded in the
laterite horizon (Fig. 8c). '

GEQOCHEMICAL TRENDS
Weathering Profile above Banded Gneiss

The average and range of chemical compositions of
the banded gneiss, the clayey zone and the laterite of the
weathering profile along lagos-lbadan- express road are as
shown in Table 1. The variation of the major oxides is
presented in Table 5 and Fig. 9. The data and the illustration
show a general decrease in SiO; contents from the bedrock to
the clayey zone. Mean concentrations of SiO; are 66.06 and
54.41% in the rock and clayey zone respectively. This value
increases from 54.41% in the clayey zone to 56.50% in the
lalerite (Table 5). Most of the primary minerals present in the
rock, such as hornblende, feldspar and biotite have been
altered to secondary minerals such as kaolinite and other clay
minerals, which are prominently reflected in the X-ray charts
(Figs. 4b and ¢). These result in the enhancement of Al2Os
from 12.82% in the parent rock to 21.79 and 19 81% in the
clayey and latente zones, respectively. Fe.0Os on the other
hand increases from 2.91% in the rock to 5.32% in the clayey
zone and 8.71% in the laterite (Fig. 9). The higher value of
Fe2Qs in the laterite zones compared to the bedrock is due to
the presence of concretionary pisolitic iron rodules in the

Fig. 6: Photomicrograph of the pegmatite showing
muscovite (mu), sandwiched between albite (ab),
microcline (Mr) and quartz (Q). Crossed polars, x2.5mm.

Bl

K Fig. 7: Photomicrograph of the weathered pegmatite

‘ X ' showing insitu ferruginization of quartz and feldspars. L —
W limonite, G - Goethite. Reflected light, oil immersion,

a b : crossed polar, longer edge of photo is 420um.

laterite harizons.  The relative enrichment of FexOy and Al,O3
in the weathering profile can be explained by the leaching of
. MgO and SiQ; (Zeissink, 1969 and Schellimann, 1989). MnO;
6 MgO and P05 are depleted in the clayey zone, which is a
zone of leaching and refonmation (Aleva, 1994). The oxides

x] .
" are however enhanced in the laterite, which is a zone of

6 K accumulatien of malerials leached from the topsoil
The average pH in the lalerite is 6.7 while that of the

Q
0
uoj
M
[+ [
2 o Q clayey zone is 6.2. and that of the parent rock is 8 5 (Table 2).
Dissclution and leaching of MgO, CaO, Na.O and K20 is

G
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G
@ &
[:gj .
. ™ : ephanc@ by the low pH of the clayey zone. TiO, appreciates
Q ‘ significantly from ©.28% in the rock to 0.38 and 0.60% in the
‘ ] , clayey zone and the lalerite, respectively
Trace clement abundance shows graater enrichment
. M of Co, Cr, Cir. Ni, and Zn in the laterite zone than the soil
do

horizon (Tables 1 and %) Co (20ppm, 49ppm, 25ppm); Cr
wJ u \_‘_._,Ks// (18ppm, S1ppm, 34ppm); Cu (20ppm, 49ppm, 26ppm). Ni
i {(22ppm, 77ppm, 34appim), and Zn (39ppm. 68ppm, 38ppm)
- P Y » p corresponding valtes (Table 1) in the rock, laterite and soil are

20 Degress generally below values that could be considered for possible
mineralization

— £ 4

Fig. 5: X-ray diffraction analysis of the quartz-muscovite
schist profile in Ibadan area. a - rock, b ~clay, c- latgrite,

Q ~ quartz, K — kaolinite, M - Muscovite, P -~
plagioclase, Ph — phlogopite, G — goethite.



MINERALOGY AND GEOCHEMISTRY OF THE WEATHERING PROFILES ABOVE BASEMENT ROCKS IN IBADAN

187

K

T T A T -
& 60 50 40 2 76 10
20 Degrees

Fig. 8: X-ray diffraction analysis of the pegmatite profile
in Ibadan area. a - rock, b - clay, ¢ — laterite, P ~
plagioclase, Q — quartz, M — mica, Z - zircon, A -
anatase, K - kaolinite, H halloysite, G — goethite, Mr -

m:croclme.

Weathering Frofile above Quartz-muscovite Schist

Results of the major and trace elemant contents of
the quartz - muscovite schist and the overlying weathering
profile at Boluwaj, Ibadan, are presented in Tables 3 and 6
The variation trends of the major oxides are illustrated in Fig.
10. The result shows that the laterite is enhanced in SiO;
(70.53%) relative to the clayey zone (63.30%) and the rock
(66.47%). Fe Oz is slightly enriched in the clayey zone (5.49%)
and the laterite (5.17%) compared to a mean value of 4.88% in
the rock. Notable peaks of goethite are reflected on the X-ray
traces (Figs. 5b and c). ALO; increases from 15.29% in the
bedrock to 18.96% in the clayey zone due to the presence of
kaotinite. A slight decrease of Al;Os to 13.99% is noticed in the
laterite zone. Average MgO contents are 1.46, 0.30 and 0.30%
in the rock, the clayey zone and the laterite respectively.
Corresponding values for CaO are 2.31, 0.07 and 0.04; while
Na;O concentrations are 2.81, 0.72 and 0.34% (Table 3).
These vaiues indicate leaching of MgQ, CaO and NayO. TiO;
contents increase slightly from the parent rock to the laterite.
P20s on the other hand diminishes from 0.40% in the rock to
0.04 in both the clayey and laterite zones (Table 6, Fig. 10).

, The silica- sequioxide ratios (S.R) of the clayey and
laterite, over quartz-muscovite schist, range from 2.58 to 3.68
The alumina-iron oxide ratios (A.R) range from 3.45 to 2.70
respectively. The relatively high S.R. and A R. values suggest
that true laterites are not produced by the weathering of
quartzite and quartz-rich rocks (Aleva, 1994). - -

The concentrations of trace elements do not show
any significant enrichment that could be attributed to
mineralization. Co diminishes from the bedrock to the laterite
zone. Though other trace elements, such as, Cr,Cu,Ni and Zn
are enhanced in the clayey zone, they are, however, reduced

Table 1 Averago chenwcal compositions (%) ol resduat profile over banded gneiss i
Ibadan area
ROCK CLAYLY ZONE ! LATERITE
L OXIDES | Mean _Range n=5 | Mean _Range n=5 | Mean _Range n=5
50, 66 06 64826738 | 5441 5202.5877 | 5650 54.18-58.40
TiO; 028 025035 0.38 031-046 060 051-0.74
Al,O3 1238 1188-1426 | 2179 1862-25 11 19.81  18.33-21.98
Fe;0ay 291 253-368 532 492-6.25 671 539-8.31
MnO 010  004-013 006 :004-008 018 015.020
My [ LOL-1 1Y QY [VIRIVRVRVR Y] 0.3 U.20-0.46
Cal) H 33 442 6 30 06H O a8 092 G H 036 U0y
Na,O 529 401610 214 213.216 048 020074
K,O 442 333:5.23 514 421578 3.81 324.4.76
P50s 029 0.20-040 013 008-024 026 020-038
LOI 05  046-063 920 65.58-11.07 1057 9.46-1286
Total 99.17 99.37 99.77
Trace e|ements ppm) o o e
Co 20 15-23 a9 3866 25 18-39
Cr 18 14-22 51 33-G1 25 26-42
Cu 20 13-35 a9 14-52 26 16-38
Ni 22 16-32 7 54-110 34 25-44
Zn 39 29.48 68 a5 R7 39 . 2952
Silica and alumina ratios (%) -
SR 420 401400 2 U0 P/ 200 218 FUG 248
AR 441 3305063 410 3614 480 295 226384
MgO+CaO | 6 44 5 60-7 35 080 065-110 0.85 071.098
| Na;O+K;0 | 970 7.34-11.17 728 635794 429 071-098
S R. - Silica ratio
AR, - Alumina iatio
_Tabie 2: Average and range of pH data of analysed samples
ROCK CLAYLY ZONL LATLIREL
PARFNT ROCK TYPF Moan  Range Moan  Range Monn Ranege
n=y _n=h
Banded Gneiss 85 8485 62 67 6568
Quartz-muscovite schist | 7.5 71-78 |59 6.9 67-7.1
|Pegmatite {84 8286 |81 68 8570
Table 3. Average chemical composition (wi.%) ol quailz- muscovite schist wealhenng

prafile in tbadan area

ROCK CLAYEY ZONE LATERITE
| OXIDES | Mean _Range n=5 | Mean_ 'Range n=5 | Mean Rangen=5
SOy 6647 64216847 | 6330 59766638 | 7063 6R 78-72 M
Ti02 1.26 1.07-1.65 155 132-1.72 1.67 1.64-1.82
ALO, 1529 1338 1663 | (890 16 U2 2034 139y 13 33-14 61
Fe:0 488 301675 549 1692 20 38 517 476590
MnO 017 0 09-0 24 006 362-776 0oo7 0.04-0.09
MgO 1.46 1.20-1.82 030 0.19-0 38 030 0.14-0.43
CaO 231 178-268 007 005-009 004 0.03-0 08
Na,O 281 231-374 072 0 bH-092 034 024-0.42
KO 295 247456 KRS 3249430 164 1182 16
P0x 040 016062 004 00770 06 004 002.0056
LO! 088 078-096 508 4.64-5 68 5 40 4.55.6 08
Total 98.88 99.52 99.19 ° ‘
Trace elements (ppm) L
Co 43 33.48 a5 2844 27 18-36
Cr 33 28-42 68 49.8/ 18 34-59
Cu 28 16-45 81 65-96 54 38-88
Ni 21 16-27 61 36-81 38 18-67
| Zn 28 2136 |57 5066 34 2445
;Sghca and alumina ralios (%) ) ) i .
SR 3.30 2172419 208 212323 308 3.46-3.90
AR 313 250443 540 263467 27U 24284
MygO+CaO | 377 2908414 037 0256 0.45 035 018 0156
Na;0+K,0 | 576 4 82-6.87 4.67 3.96-4.76 198 1.53-2.58
S.R. - Silica ratio
A R - Alumina 1atio

.

in the laterite. Average Co contents in the rock, clayey zone
and laterite are 43, 35 and 27ppm; Cr (33, 68 and 48ppm); Cu
(28.81 and 54ppm), Ni (21, 61 and 38ppm); and Zn (28
and 34ppm} (Table 3).

Weathering Profile above Pegmatite

Tables 4, 7 end Fig. 11 give lhe average values and
variation trends of elements along a pegmatite weathering
profile at Toll Gate, tbadan. SiO, shows a gradual decrease in
concentration from the bedrock (68.55%) to the clayey zone
{61.02%). The laterite horizon is however enriched in SiO; to
about 70.30%. Fe0s also follows the same pattern, with the
bedrock value of 1.06%; 0.60% for the clayey zone and 1 65%
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Table 4: Average chemical compositions (wt%) of weathermg profile above pegmatite in ibadan area

ROCK CLAYEY ZONE LATERITE
OXIDES Mean Rangen=5 | Mean Range n=5 Mean  Range n=5
SiO2 68.55 67.34-69.48 | 61.02 6000-63-23 | 70.30 68.91-72.12
TiOz 0.10 0.06-0.14 0.39 0.19-0.67 027 0.22-0.34
AlOs 18.24 16.62-19.66 | 21.27 20.31-23.14:.| 1752  15.85-19.69
Fe20sp) 1.06 0.33-1.58 0.60 0.35-0. 86_ 1.65 1.16-1.82
MnQ 0.36 0.24-0.50 0.12 0.08-0.23 0.08 0.06-0.09
MgO 0.13 0.06-0.21 0.05 0.02-0.09 0.05 0.04-0.06
CaO 0.44 0.21-062 0.08 0.07-0.09 0.06 0.04-0.08
Na;O 2.46 2.04-2.78 0.51 0.27-0.72 0.23 0.15-0.42
K0 715 6.26-8.30 304 1215621 0.44 0.20-0.62
P20s 0.34 0.18-0.44 0.14 0.09-0.26 0.05 0.03.0.07
LOI 0.36 0.20-0.51 1249 10.76-1466 | 9.07 8.21-9.98
Total 99.19 99.71 89.72 ‘
Trace elements (gpm) 2
Co [ 36 33-39 46 40-55 20 8-34-
Cr 38 26-62 37 21-56 49 30-70
Cu 41 30-56 45 29-62 43 25-66 -
Ni 46 33-62 51 - 39-68 40 -22-50
Zn 19 20-31 36 20-49 28 21-39 ¢
Silicaand aluminaratios (%) o T
'SR 355 341380 |[279 253304 367 320408
AR. 17.21 | 10.52-59.58 | 3545 24.19-58.86 1062 B8.71-15.87
MgO+CaQ | 0.57 . 0.34-0.77 1013 0.10-0.16 0.1 0.08-0.13
Na,O+K,O | 961 . 8.80-10.70 '| 3.55 1.48-5.93 0.67 0.35-1.04

S.R. ~ Silica ratio
AR - Alumina ratio

Table 5: Detziled chemical compositions (%) of weathering grome over banded gneiss in lbadar area1 _—

ROCK {OUTCROP) ~ CLAYEY ZONE ATERITE 7
DEPTH 50m 45m 40m 35m 30m [25m 20m  1&m  1.0m
Sample | BG/1S BG4 3G/13 BG/H2 BG/AY | BG/O BGIY BGS  BGH B5E | BG5S BG4 BG3  BGR
$i0; 6656 €482 5536 6619 6738 (6202 5550 5364 5210 5377 (5692 5879 5740 5418
TiO, 026 035 2128 027 025 |034 031 033 038 C46 (051 074 0£7 055
Al,04 1234 1346 1215 1188 1426 |2351 2511 1926 2246 1367 | 2050 1833 1946 2198
Fe;Owy |3.05 253 368 273 254 (625 523 528 493 432 |746 539 BE3 572
MoQ 13 004 212 042 011 |005 006 008 004 007 | 015 018 020 016
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Fig. 9: Chemical variation along the weathering piofile over banded gneiss of ibadan area.
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__Table 6: Detailed chemical composition (%) of weatherirg profile over quartz-muscovite schist in Ibadan area.

ROCK GLAYEY ZONE LATERITE
DEPTH |100m 95m 90m 85m  80m |[70m  60m SOm  45m 30m |25m  2Cm 15m 10m 0Sm
Sampe | QS/5  QS/4  QSM3 QSM2 Q81 [GSM0 QS QS8 QST QS (OS5 OS4 QS 82 QS
SO; |6768 6421 6583 6847 6615 |6638 6521 5976 6331 6182 (7023 7174 7241 6878 69.50
TO, |107 119 132 165 108 |1er 132 172 163 163 |165 182 154 170 163
Al:O: 1562 16.83 15.94 1333 1275 16 92 1839 2038 19.67 1945 | 1421 1333 1354 1461 1424
Fe:O.y | 428 6.75 468 am 537 362 4,23 7.76 556 6.29 5.06 489 476 524 5.90
MO 013 09 021 019 0z |006 008 005 007 004 |008  0C6 004 009 007
MO 146 123 157 182 120 |025 036 028 038 019 |02 038 014 025 043
Ca0 268 263 238 210 1°8 |009 006 005 007 006 (005 0C5 004 004 003
NaC | z45 265 289 374 231 |08 o064 0% 067 055 |o42 035 024 040 029
K:0Q 43 217 310 2.48 436 396 428 3.84 329 h 36 216 1°8 1.74 1.50 1682
P:0. €57 0.16 029 0.62 037 0.0 0.06 0.04 0.02 0.03 0.03 0.C4 0.05 0.02 004
o |c92 084 096 078 039 (568 505 472 464 520 [608 432 455 621 535
Toal |82 ST ST s 900 |32 9085 852 I 611002 N 905 WA 10
| Trace elements (ppm) —
Co |22 T N -7 N R ¥ PR R K % THE TR TR
¢ |z8 0 % 4 i | w7 6 60 |55 52 47 34 45
| 24 R 2 s |les 12 1 4 % |8 B4 3B 41 %
N 2 27 18 2 w3 s as 67 74 |6 52 2 25 18
lzn. |3 T I 9 st s 50 55 & |2 3% 45 33 2
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Fig. 10: Chemical variation along the weathering profile over quartz-muscovite schist of Ibadan area.

for the laterite. Enhancement in the value of Al20s from
18.24% in the parent rock to 21.27% in the clayey zone is
diminished to 17.52% in the laterite. TiO, and the loss on
ignition show a similar trend. The TiOz contents of the parent
rock!increase from 0.10% in the parent rock, to 0.39% in the
clayey zone and 0.27% in the laterite. MnO, CaO, Naz0, K0
and P;0s show very strong reduction from the bedrock to the
lcpson (Fig. 11). The corresponding concentrations in the
rock, clayey zone and laterite for these elemenls are MnO,
0.36, 0.12 and 0.08; CaO, 0.44, 0.08 and 0.06%, Na;0, 2.46,
0.51 and 0.23%, K»O, 7.15, 3.04 and 0.44%; and P,Os, 0.34,
014 and 005% (Table 4). Co, Cr, Cu, Ni and Zn
concentrations are generally less than 52ppm in the
weathering profile. The pH of'the rock is about 8.4, the clayey
zone 6.8 and the laterite 6.1 (Table 2). This shows a consistent
incredse in acidity and intensity of weathering !rom the
bedrock to the laterite.

DISCUSSION

Chemical decomposition of the rock forming rinerals
in the basement rocks of Ibadan area produces mainly
kaolinite. lllite and halloysite components are in small
amounts. The kaolinite is from the alteration of feldspars,
which is a major mineral in the banded gneiss, quartz-
muscovile schist and pegmatite. Fe-minerals, notably goethite,
hematite and limonite are from the decomposition of biotite
and hornblende in the banded gneiss. The presence of biotite
in the laterite may be attributed to the incipient stage of
chemical weathering since biotite is altered to vermicuiite,

- smectite or kaolinite at advanced stage of weathering (Norton,

1973). The quartz-rich muscovile schists and pegmatile
weathering profiles possess simpler mineralogy compared 1o

the profiles on the banded gneiss. .
On the basis of the chemical data, the weathering
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Table 7. Detailed chemical composition (%) of residual profle over pegmatite in Ibadan area.
ROCK (OUTCROP) CLAYEY ZONE LATERITE
DEPTH 60m 50m 40m 30m 2.0m 1.0m 0.8m 0.6m 0.4m 0.2m
Sample | P/15 P4 P/13 P12 P PO P/ P8 Pi7 P16 P15 P4 P13 Pr2 P/
S8i02 6885 6734 6916 €9.48 5750 | 6048 61.04 6000 6034 63.23 69.15 68.91 70.00 7212 71.31
TiO2 013 006 009 ¢14 103 038 032 019 O0o41 0.67 0.24 034 0.22 028 028
ALO; 1824 1838 1662 829 1956 |208C 2151 2314 2060 20.31 18.41 19.69 17.34 15.85 16.21
Fe Osy | 1.07 1.37 158 (94 1233 |08 079 055 035 0.46 1.16 1.82 167 128 179
MO 0.24 035 0.46 ¢ 50 .23 0.23 0.12 009 008 0.10 0.07 009 0.10 008 006
M0 0.21 008 0.06 €13 213 005 004 002 009 0.06 0.05 0.05 0.04 006 0.04
Ca0 055 043 038 (29 €2 008 009 008 007 C.09 0.07* 0.08 0.06 005 004
N30 2.18 204 2,78 254 277 1072 0.64 055 038 027 0.18 042 016 c23 015
KO |693 830 792 826 3533 521 365 314 200 121 055 0.62 038 c45 020
P:Os 0.42 018 0.26 38 .44 0.12 0.26 0.10 014 0.09 0.06 0.05 007 €03 004
LOI 038 047 0.25 051 022 10.72 1144 1208 1466 13.50 9.24 8.21 G.98 B 58 9.36
Total 99.20 99.00 '99.56 99.38 99.76 | 99.70 99.30 99.94 99,93 99.99 99.18 100.28  100.02 9955  99.56
T-ace elements (ppm)
Ca 33 35 38 36 38 42 40 55 43 44 34 28 16 8 12
Cr 34 42 26 a2 27 56 32 49 21 26 70 61 38 26 30
Cu 30 4 33 K 56 3B 54 62 ] 29 28 39 66 8 25
Nt 62 40 54 33 41 68 50 39 £2 44 35 50 22 28 46
21 22 31 3 24 20 R 49 /2 % 0% 39 25 21
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Fig. 11: Chemical variation along the weathering profile over pegmatite of lbadan area.

profiles could be distinguished into three major zones, namely,
the Fe,Os-rich laterite zone below the topsoil, the Al,Oj-rich
clayey zone below the laterite and the parent rock. The
transitional horizon (saprolite), between the clayey-zone and

the bedrock was not encountered in any of the profiles, due o -

deep weathering of rocks in the area.

The Fe;0; rich laterite is low in Na;O, K0, Ca0 and
MgO, due to the removal of the alkaline and the alkaline earth
elements through leaching of the topsail and the laterite. Al>Os
is strongly enriched in the clayey zone below the laterite. TiO;
increases from the bedrock upward to the laterite zone.
Studies by Bolarinwa and Elueze (2005) have shown that TiO;
is mainly present as leucoxene and anatase in the weathered
profiles of gneisses, around Abeokuta.

The concentrations of the rnajor elements correspond
with the mineralogical data. Al is present mainly in kaolinite
and muscovite. Fe occurs in goethite and hemaltite. Si occurs
abundantly in quartz. It is also present in kaolinite. K occurs
mainly in muscovite, particularly, at the incipient state of
weathering of rocks. The laterite horizons of the weathered

quartz-muscovite schist and pegmatite are dominated by about
70% 8i0,. This is probably due to the dissolution of kaolimte
from the laterite, leaving behind quartz grains, which are
subsequently cemented together by amorphous silica and
aluminosilicates.

CONCLUSIONS

In Ibadan area of southwestern Nigeria, the average
thickness of weathering profiles over the basement rocks
range between 5 and 30m. Exposures of vertical profiles along
road cuts in the area dislinguish three major horizons in the
profiles over the basement rocks. The variations in colour,
texture and compositicn of the various zones within the profiles
depend on the parent rock and the prevailing chemical
environmental conditions. Transition belween the zones is
gradual, while in some cases the weathering products
preserve the textural and structural features of the bedrock.
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Petrographic and X-ray diffraction studies of lateritic
profiles over banded gneiss, quartz-muscovite schist and
pegmatite of Ibadan area, have shown that the main mineral
phase in the clayey zone and the overlying laterite above
these rock bodies is kaolinite. Other clay minerals present
include illite and halloysite. Minor components are zircon and
titanium minerals such as analase, rutile, ilmenite and
leucoxene.

Chemical studies of lateritic profiles over banded
gneiss, quartz-muscovite schist and pegmatite of lbadan area
show that SiC,. AlO; and Fe,Oa constitute the major oxides of
the residual weathering products.  Iron oxides, mainly
goethite with subordinale hematite and limonite are present in
the laterite horizon, whereas bauxite minerals such as gibbsite,
boehmite and diaspore are absenl in the profile. This shows
that the trend of weathering is towards iron enrichment
(ferralitization)  rather  than  aluminium  accurnulation

" (bauxitization) (Aleva, 1994).
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