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Abstract

The effects of intensive leaching of granite-gneiss by the tropical rainfall, acidified carbonated water and simple
aliphatic (citric) and aromatic (salycyclic) organic acids at the onset of rock weathering were investigated by
simulated weathering for 10 weeks. Theresults indicated that at the initial stage of weathering of granite-gneiss
under humid tropical condition with particular reference to southwestern Nigeria, more Mg and Ca were leached
from the medium grained granite-gneiss than the coarse textured equivalent. Interms of relative ease with which
the different elements were leached, Na~Mg~K>Ca>8i0,, while Fe and Al concentrations in the leachates were
below the detection limit (0.001 mg/kg). The presence of mostly acidic parent rock with low content of basic
cations in an area of acidic rain (rain water pH 5.14 - 6.45), high rainfall (>1300 mm/yr) with greater than 0.8
PET and high soil temperature (27-31 °C at 50 cm soil depth) are factors considered to enhance hydrolytic
weathering inthe region. The hydrolytic weathering plus the climatic, geologic and physical setting of the region
appear to predispose the rocks to ferrallitic pedogenesis.

Introduction

Weathering precedes soil formationanditis
a continuing process during soil develop-
ment. Weathering relates to the chemical
and physical disintegration and
decomposition ofrock and thinerals contained
in them (Buol ef al., 1980). Progressive
fragmentation of the initial rock and
plasmification of the component weatherable
minerals (Eswaran, 1997), otherwise termed
arenisation(Millot, 1970), is one of the most
important initial stages of weathering of
granites. In the humid tropics, intensive
weathering is associated mainly with
pronounced leaching, and the principal factors
commonly suggested to encourage rapid
leaching are high and acidic precipitation,
year round high soil temperature, minera-
logical composition of the parent material
and the contributions of organic acids.
Therole of simple organic acids in mineral
weathering has been demonstrated in
laboratory experiments in which the acids
caused accelerated mineral dissolution and

selective release of some elements (Henin
& Pedro, 1965; Boyle et al., 1974;Manley
and& Evans, 1986). It was suggested that
water soluble, low molecular weight organic
acidsenteringthesoil asmicrobial metabolites
or plant exudates from living or dead cells,
together with microbial oxidation products
of humic substances or lignin polymers are
the likely organic compounds involved
(Manley & Evans, 1986). The concentrations

. of such acids in soils are generally in the

range of 103 to 10° M.

It was observed that six (Boyle et al.,
1974) and 16 (Manley & Evans, 1986)
organic acids extracted greater percentages
of Fe, Mg and Al than inorganic acids of
similar strength. These workers, however,
based their studies on single minerals, yet
weathering and soil formation are complex
processes involving simultaneous distinte-
gration, decomposition and transformation
of a variety of minerals within the rock-
saprolite soil sequence (Eswaran, 1979; Buol
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et al., 1980). Therefore, the objective of
this study was to examine the effects of
organic acids and acid précipitation on the
initial stage of granite-gneiss weathering
under humid tropical condition with a view
to better understanding rock transformations
at the early stage of pedogenesis. This will
help to gain insight into the dominant
pedogenetic processes evolving the soils.

Materials and method

Description of the study area

The study area was located within latitude
07°10'and 07°37'N, and longitudes 004°30!
and 05° 00E. It is a region within the forest
central southwestern Nigeria. The area is
gently undulating (2-8% slope) with
occasional steeply sloping (>30% slope)
rock outcrops (inselberg). A major town,
Ile-Ife (07° 28! and 004° 33'E) within the
study area, is 800 m above mean sea level
(Ojo-Atere et al., 1987). The area is
characterized by distinct.dry (November-
early March) and wet (mid March - October)
seasons. Rainfall pattern is bimodal with

peak periods in June and September with
mean annual rainfall of about 1300 mm.
Mean monthly atmospheric and soil
temperature at 50 cm depth ranges from
27.1-34.4°Cand27.1-31.0°C, respectively
(Table 1), The climax vegetation in the area
was described as tropical high forest with a
dominanttree vegetation (Keay, 1949). The
granite-gneiss bedrock in the area forms
partofthe Precambrian Basement Complex
inNigeria. Isotopic evidence indicated that
its emplacement dates back to the Pan-
African orogeny, about £ 150 m.a. (Ojo-
Atere et al., 1987).

The greater part of southwestern Nigeria
is underlain by the the migmatite gneiss-
quartzite complex (Rahaman, 1988), and
the coarse and medium-grained granite-
gneisses are important and widespread
members of this petrological complex. The
coarse textured granite-gneiss gives rise to
a group of soils found to be repeatedly
associated along toposequences in the area.
The soils are locally classified as Iwo
Association, named after the most important

TABLE 1

Climatic data for the study area (1975-1998)

Period of the Air temp. Soil temp. Rainfall *PET (mm) Climatic
year ('C) (°C) at 50 cm (mm) water balance
depth

January 322 28.7 13.0 119.0 0.11
February 34.4 30.4 21.1 125.8 0.17
March 33.6 31.0 60.5 115.9 0.52
April 32.1 30.6 125.1 74.3 1.62
May 30.9 29.8 170.0 554 3.07
June 29.5 28.7 202.3 388 4.15
July 27.1 27.5 183.4 372 4.93
August 27.1 26.9 157.8 37.6 4.24
September 27.9 27.1 224.0 37.5 5.97
October 29.5 28.3 167.4 442 3.79
November 32.1 29.0 10.4 66.2 0.16
December 32.0 29.0 78 106.5 0.07

* PET = Potential Evapotransipration
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