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Abstract

The genesis of granitic gn"is di"rO so,ils in the tpland well draiied areas of humid

ropical sou{rwestem Nigeria was snrdied. The soils have thick (G20cm) dark brown

(7.5YR - loYR) coarse sandy loarn to sandy clay loam - surface horizon, grading into

saldy clay or clay in the subsoils. Presence of sesquioxidic concretions seems to reflect

cyclic change ofclimate. The solum is acidic, low in organic carbon. exchangeable bases

and cation exchange caPacitY'

Hydrolytic weathering appc:$ to be ttre predominant pdogeneiic process. Tlie

high rainfall, high soil temperaturei acidic precipitation and the siliceous parent rock

perhaps encouraged this weathering process, resulting in ferrallitic pedogenesis. Free

Lternal drainage as condidoned by topography, geomorphic stability over a considerable '

geologic period, lessivation, braunihcation, induration, floral and faunal pedotubation,

mobilization and subsequent immobilization of iron during redox cycles in soils and

cyclic change of climate were considered as other dominant @ogenetic processes in the

soils. The soils ofIwo series are classihed as clayey,.kaolinitic, isohyperthennic lypic "
haplustults and Ondo series as clayey. kaolinitic, isohyperthermic, typic kanhaplustullr.

Intrcduction ':

Previous efforts at understanding the genesis, chemical and mineralogical pr**o Lf
soils formed in the Basement Complex of SW-Nigeria have beer directed at the study of a

veneer of pedisediment over saprolite. Nye ( 1955) postulated a biogeneous pedogenesis but

Ojanuga (1978) noted that this hypothesis no douhrt stemmed from improper recognition of
the soil parent material. ojanuga (19?8), suggested thataconsideration of the interrction of
episodic landscape erosion and pedogenesis was required to explain the soil genesis. Earlier'

a concept of cyclic soil-landscape devetopment which permits the recognition of lithologic

discontinuities (Ojanuga and Writh. 1976) was proposed for the genetic interpretation while

Folsteretal.(l97l)suggestedfegalliticpedogenesis.
The views expresscd by these workers may be due in part to their approach. Investigations

were centred within the solum whereas epimorphic pr@ess begins at the rock -saprolite

interface. BryantandDixon (1964)andChesworth (1977) had indicated thatclose proximity

to the rack is nr-rl *l:r.:eslarily an indication of a low intensity of weathering, and that early

weatheriilg ti;igr1s tlily bc more complex than the later stages. It was:suggested that the

gencsi.e ,.rl sr.rii tqgins rtith lhe physical and chemical alteration of mirterals at the rock-

iapti;litr: iiili;'ii;...,'.. Ti:i; rrudy theretbre examines the genesis of soils rcsuiung from in-situ

weatheri*g *r';,r::i:i( Siii:;';s under humid tropical clirnate and attempts at classifyiltg th'i

soils.



Materials aud Methods 

of the Study area: The location (7' 10' and 7' 37N; 4930' and 5' OOE) is a region 
within the forest central southwestern (SV') Nigeria. (Fig.1). This ~uea is generally gently 
undulating (2-86 slope) with ocmsiond steeply s!oping (>30% slope) rock outcrops 
(inselherg). Two periods of folding were recordxl in the region. The first folding produced 
an anticlineand the second re-tolded the structures lo produce an approximate North-South 
strike (the prevalent regional strike) that imposes the stream flow direction (Ojo-Atere etal., 
1987). A major town in the a m ,  Ile-Ife. is 800-m above mean sea level. 

The granitic-gneiss bedrock forms part of the Precambrian Basement Complex in 
Nigeria. Isotopic evidence indicated that its emplacement dates back to the Pan-African 
cmgeny ahout 600+- 150 m.a. (Kennedy. 1964). and had remained stable since ca. 1800 m.a. 
ago. The rock is deep-seated. often concordant or semi-concordant and medium to coarse 
textured.Thearea (humid trnpical SW-h'izeri;~) ischaracterized with distinct dry (November 
to mrly March) and wet (mid March-October? seasons. The climatic water balance (Fig. 2) 
more clearly shows the duration and extent oi  the seasons. Rainfall pattern is bimodal with 
pk perids in Junc and September, mean niinual rainfall is about 1300mm. Mean monthly 
at-nospheric and soil tempenturc at 50 cm depth ~tely high, 27. 1-30.d°C and 27.1- 
3 1.WC mpectively throuyhout t11evear.Thcclirn tion has been described as tropical 
high forest with a dominant 1ree vegetakion whicir Ilitvc some recognisable layers of foliage 
(Keav. 1 1 W ) .  Thomas and Thorp ( 1955 r based on a comparison of sedimenmq, pollen and 
C- 14 data from seven1 sources In West Africa observed that the period from 1 1.000-7.500 
R.P. prohahlv was welter than 31 present and indicated that a primary rainforest was present. 
intensive a~ia!lrure in the given way to agricultural crops. thickets and bush 
~egrt?wrh. 
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Pemgrqhic study of m k  wmples fr 11 quarries preceeded profile location. This 
Served as field chedr on the geol%ica~ I I I ~ ~  UIU assisredin establishing areas underlain by 
granitic gneiss. Fourrepre.sentat~ve dcep profiles were located at the mid-slope portion of the 
t m h y . T h c r e  were nvo profilm on each rock type - come  and medium grained granitic 
gneis. Thc classificati~n is hnsn l  on the crystal size of the constituents' minerals. Iwo and 
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(PAW. IY i I). Multiplc subsamplin? 01 honzon techniques (Smeck and Wlldlng, 131x0) was 
used in taking soil samples, while undisturbed soil sampk ken with core samplers 
for bulk density determination. The addition of chemical e soils through rain was 
monitored by collect in^ rain water f a  a ueriod of two ye&>. 
L a b t o r y  Stiidies: The pH of rain v determined soon after collection. 

The basic cations. Si, A1 and FI ; of the rain water were determined after 
concentration by boiling. The Na and hconrenr were determined by flame photometry. Ca, 
Mg. A1 and Fe hy aromic absorption speccrophornmetre. and Si calorimetrically by the 
ammonium rnolvhdare blue method (Kilmcr. 1?65). Soil samples were air-dried. gently 
crushed and passed lhrough a 2-mm sieve. Percentage gravel (2-75rnm) contents were 
cmputed.The tinccarth i<?mm) was retained foranalysis. Particlesizedistnbutionanalysis 
was carried out hv modified hydrometer method (Bouyoucos. 1962) with 0.2M-NaOH as 
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NaOHovernight shaking prior to fractionation intoclay (Rum), silt (2-50um) and sand (.50- 
2,000um) fractions by the wet sieving, sedimentation and decantation procedure of Jackson 
(1956). Percentage Clay free sand adjusted for the bulk density (Mbagwu, et. al., 1983) was 
computed, and clay translocation was quantitatively assessed as in Ojo-Atere and Ogunwale 
(1982). Soil pH waspotentiometrically determined in 1M- KCLand water at 1: 1 soil-solution 
ratio, and organic carbon determined by the Walkley-Black (1934) procedure. Available 
phosphorus (P) wasestimated by the Bray andKurtz (1945) method. Totalelementalanalysis 
of rocks, saprolite. soil (<2um), sand (50-2000um) and silt (2-50um) fractions was by 
Na,CO, fusion technique (Kanehuo and Sherman, 1965). The K, Mg, Ca, Si, A1 and Fe 
content of the dissolved fusates.were determined as earlier indicated. Exchangeable bases 
were n lity in 
both th as the 
sum ol pacity 
by sun IS (CEC-sum) representing su~  mses plus BaC1,-TEA, pH 
8.2 ex( e acidity were calculated. Perc ion values based on ECEC 
and CI ,ere also calculated. The poten ion (PET) for the area was 
compurea as 13% of the open-pan evaporation value ( v ~rman~,  1376)and the climatic water 
balance was also estimated according to the method of Cocheme and Franquin (1967). Free 
iron and aluminum oxides were determined by the method described by Mehra and Jackson 
(1960). The amorphous Fe and A1 oxides were extracled with an ammonium oxalate-oxalic 
acid b~ ~m'sreagent) adjusted to pH 3.0 with HCl (Mckeagueand Day. 1%). Active 
iron (E I Schwertmann, 1969) was calculated as: (Fe,Q, - oxalate/Fe,Q, - dithionite) 
X100, auu waa  similarly com~uted for Al. 
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The important morphological characteristics of the ninent 
quartz veins which continue through the saprolite into t 10 two 
of the profile pits (Plate 1). In all the lkations, !he fabnc structure of the .aprolite closely 
resembles that of the underlying bed rock. These possibly suggest that the solls. saproliteand 
bed rock are geologically related and residual. Calvert el.  al. (1980) similarly obsetved 
coritinuous soil - saprolite -rock profile. Presence of residual quartz and or feldspar veins 
through mottled clay layer into upper horizonsof soils wererecognised toestablish lithologic 
relationship Ixtween soil and the underlying bed rock (Smyth and Montgomery, 1962). The 
soils are generally well drained and deeply weathered. Depth of solum in all the four 
representative profiles ranges from 180-240 cm while weathered rock (saprolite) extends 
beyond 4-metres in most of the profile locations (Table 1). De Swardt and Oliver as reported 
by 0-januga (1978) observed the occurrence of deep substratum of saprolite. a b u t  30-m deep, 
in some SW-Nigeria Basement Complex areas. These were though1 to have been formed by 
marked Tertiary geochemical weathering of bedrock throughout the intertropical regions of 
Africa. The soils have relatively thick(0-20cm)darkA-horizon rnnging from darkbrown (7.5 
YR. - IOYR.) as in profiles 1-IC and 4-EI, to dark reddish brown (5 YR.) in others. Subsoil 
matrix colour in the solum is reddish, brownish, or yellowish with occasional strong brown. 
yellowish brown or red mottles. Reddening of upland subsoils is considered due to 
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mobilization and subsequent immobilization of iron during rdx-cycles in soils (Buol et. a/.,  
1980). causing dispersion with progressive oxidation of iron. Folster el. a/. (197 1 )  postulated 
a biogenetic process for the colountion, due to mechanical mixing by plant roots and soil 
faun: i mainly). : acids fro : matter 
decal I and root I ~genizatio~ rea. The 
brigh :olour is p ial drainaj wer part 
of the profiles an: hinhh ue to lack of mechanical mixing by plant roots 
and soil fauna. 

Surface so ndy clay loam, grading intosandy clay 
to clay in the B-IIVIILUI~S (Table 2). UI [GI 111s UL quarluty and pattern.6f distribution, there is 
no sharp b W  in the total sand content or in any of the various sand size fractions within the 
solum. This is more clearly reflected by the fairly constant values of clay free sand adjusted 
for its bulk density with profile depth (Fig. 3). This does not clearly reflect the pedimentation 
in these soils. In the C-horizons, percentage clay shows a slight decrease thereby revealing 
the presence of a clay bulge in the B-horizons. The distinct clay skins and Bt/A-horizon clay 
ratio of greater than'l.2 (Soil Survey Staff, 1987) justify the recognition of argillic horizons. 
A qu transloca :rcent basis (Ojo-A 
Ogur ~ s s  of claj ~nce) in the A-horizc 
posit ised Bt-hc ie clay budget for tt 
solum shows that totalclay gained is higher than the total los1.This suggests in-situ formation 
ofclay possibly through the weathering of residual silicates (Ojanuga. 1978). Ojanuga (1975) 
observed that markcd weathering and argillation of bedrock to saprolite had taken place in 
the Basement Complex of SW-Nigeria. Sesquioxidic concretions (Okusarni and Oyediran, 
1985). femginuous skeleton (Folster er. al., 1971), iron nodules and concretions (Ojanuga, 
1978),petroplinthites (Sys. 1968)andquartz mate;idsaredominant in the gravelly horizons 
ofthesolum. These are indicative of different climatic or bioclimatic regimes. Dijkennan and 
Miedema (1988) noted that the presence of iron slone gravels in-sit9 In residual upland soils 
suggests that there had at one time been conditions favourable for the segregations of iron 
possibly in the form of plinthites.This processrequiresanadequate supply of iron. alternating 
wet and dry seasons, a relatively llat land su I seasonally wet soils such as occur in 
the study sea. Thomas and I3orp (1985) n hat cyclic change of c11m:lte occurred 
during soil formation in Wesl Af~ica. 
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The soils of Ondo series (Profiles 3-IM and 4-EI) are neutral toslightly acid in the surface 
horizon whereas Iwo skries (Profiles I-IC and 2-IT) are strongly acidic. Iwo series are more 
strongly acidic in the subsoil than soils of Ondo series (Table 4). Factors suggested lo be 
responsible for the acidic solum include heavy rainfall. thc acidic nature of the parent rock 
and the acidic precipitation. Annual rainfall is about I300mm and most of this fall within six 
to seven months in the year (Fig. 2). At this period, rainfall is greater than 0.8PET which is 
considered the lower threshold value of moisture adequancy for leaching and colloid 
translocation. Precipitation in this region is acidic, pH 5.14-6.45 (Table 5). and is believed 
toenhance the soil acidity. Further morc, the siliceous nature of the parent rock encourages 
the acidic nature of the mils and the pH of the saprolite (Table 4) confirms this. For instance. 
elernenlal malysis of the bedrock indicates (Inble 6) that Si and Al accounted for greater than 
85% while Ihe ulknlinc and alkali rnctnls make up less than 7% of the total. In  the surface 
horizon. Ihc cxch:iny:ihle Mg and Ca arc slightly lower in soils of Iwo series than those of 
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Ondo, whereas Iwo series is higher in exchangeable K than in Ondo series. In Profiles I-IC 
and 2-IT, exchangeable K, Mg and Ca are 0.45-0.51.0.51-1.0 and 2.28-2.46 me/ 100g soil 
respectively in the 0-20cm depth. At similar depths in profiles 3-IM and 4-EI, exchangeable 
K, Mg and Ca are 0.25-0.4,1.75 and 2.34-7.70 me/ 100g soil respectively. The trend is similar 
in the subsoil. Surface horizon CEC-sum in Iwo series ranges from 18.37 - 18.47 me1100g 
soil. and in Ondo series. the range is 16.5 1 - 22.54 m 
ranges from 16.14 - 26.06 me1100g soil in Iwoand 13. 
However, percentage base saturations by sum of cat] 
Ondoseries than in Iwo. Probable reason is the higher content of BaC1,-TEAextractableaci&ty 
in Iwo than Ondo soil series. Also, the higher values of active iron obtai .ofiles 3- 
IM and 4-El further indicate that the soils of Iwo series are probably ensively 
weathered than those of Ondo (Table 7). Higher active Fe ratios are mlleveu to show 
predominance oC amorphous form of iron which are product of recent weathering or less 
intensively weathered horizon (McKeague and Day, 1966). 

In all the profiles. the exchangeable bases, CEC and percentage base saturation are 
slightly higher in the surface horizons than subsoils in general. Probable reason is that the 
surface horizons, although the most exposed to leaching and runoff. are indeed continuously 
recharged by phytocycling. 
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reuogelletic study of these soils reveas mar nyarolyrlc wearnenng plays a significant 
role. Factors which appear to have encouraged rapid hydrolytic weathering in this environ- 
ment are high rainfall, high soil temperature, xi&c precipitation and geochemical nature of 
the parentrock. When precipitation is higher than 0.8 PET, leaching of basic cation and silica 
iscncounged. The acidic precipitation is believed to furnish hydrogen ions (H*). Rasmussen 
et. a/.  (1988) observed greater losses of Na*, Caw, MgWand K' in their study with acidified 
thrwghfall. The relatively high soil temperature encourages photolysis of water. Ojanuga 
i979) remarked that warm soil temperature causes marked dissociation of soil water, 
eading to a build-up of hydrogen ions. Siever (1962) reported that high soil temperature and 

extreme leaching favour rapid desilicatim .and accumulation of iron, immobilized in fenic 
oxide forms under oxidising donditions. Signiticant loss of SiO,. alkali and alkaline earth 
observed in rock-saprolite-soil mnsformation with relative accumulation of iron and 
alumitrium are considered resultant effects of the interplay of these factors. This is favoured 
by humid conditions. free internal drainage. geomorphic stability over prolonged period of 
time and strong weathering intensity (Beimoth, 1982). In the Basement Complex region of 
SW-Nigeria. the climate is humid as precipitation is greater than ET-for-greater part of the 
yearwithcontinually high temperature. Kennedy (1964) indicated that Nigeria lies within the 
zoneof pn-african reactivation.east of the West African craton which had been stable since 
ca. 1800 M. a. ago. Iwo and Ondo series are upland, well-drained soils. Therefore. it appears 
that both the climatic. geologic and physical setting of the region predispose the parent rock 
to allitization (Henin and Pedro. 1965) or ferrallitization (Tessens and St in, 1982) 
which is the basis for ferrallitic pcdogenesis. Tessetls and Shamshuddir ~oted that 
femllitic weathering is thc dominant soil forming process in the humi I regions. 
Lessivation. braunification. induration, floral and faunal pedoturbation, mobilization and 
subsequent immobilizittion of iron during redox cycles in soils and cyclic change of climare 
were considered as other dominant petlogenetic processes in the soils. 

lamshudd 
1 ( 1 982) n 
.d tropical 



Soil Classification (Soil Taxonomy)

The pedons studied are mineral soils with an ochric epipedon, low in mganic matter, high
in colour values and chromas. The argillic horizons have recognisable clay skins, solumls
acidic and low in base status. Base saturation by sum of cation methM at l25cm below the
top of the argillic horizon. or l80cm below the soi! surface (Soil Survey Sraff, 1987) is less
lhan 351o (Table 4). These criteria place the soils in the order ulisols. The soils are dry for
more than 90 cumulative days but less than 180 (Fig"2). The uplands of SW-Nigeria are
primarily under Ustic moislure regime (Periaswamy and Ashaye, 1982). therefore the soils
are in Ustults suborder. Profiles 3-IM and4-EI havecalculated ECEC of 8.13.12.02 me/100g
clay, and in profiles l-IC and 2-IT, the range is 12.26-19.6-s me/100g clay in the argillic (Bt)
horizons. The ECEC. texture and clay distribution in Profiles 3-IM and 4-EI meet the kandic
horizon criteria. The ECEC of the clay howeyer excludes hofiles l-lC and 2-IT from the
kandic horizon. The percentage clay decrease from its maximum is more $lErn}O% within a
depth of l50cm from the soil surface in these soils. This therefore places the soils of Ondo
series (hofiles 3.IM and 4-EI) in the great group of Kanhaplustults and those of lwo series
as Haplu$ults. Most of the rcpresentative profiles (Table l) have hue redder rhan l0YR. in
alf parts above a depth of 75cm, with ECEC of grearer rhan 1.5me/100g clay ro a depth of
I S(hm . Consequently . the sqils of Ondo series are placed in the subgroup Typic lfunhaplustults
and Profiles l'IC ancl?-IT as Typic Haplustults. Mean nronthly soil temperature at 50cm
depthinatypical Iwo seriesin SW-Nigeriaranges from 27-3l"C,indicativeof isohyperthermic
temperature regime. The companion paper II indicates that the clay is 50-807o kaolinite. In
the family placement, Ondo series are clayey, kaolinitic isohypexhermic typic kanhaplustulls
while trwo series are clayey. Kaolinilic, isohyperthermic typic haplustults.
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