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SUMMARY

This thesis examines the influences of geology, past and contemporary
weather ing and erosion and other geographical factors on landform development
in South Western Nigeria. It also describes the major landforms and some
important landform elomontj‘in the area.

South Western Nigeria is composed of crystalline and sedimentary rocks.
The crystalline rocks are mainly metamorphics (gneisses, quartzites and schists)
and igneous (granites and syenites) of Pre Cambrian age. The sedimentary
rocks are predominantly sandstone intercalated with clay, limestone and
shale, and the series vary from upper Cretaceous to Recent. Tﬁe structural
and lithological variations within these rocks, and the geological and
tectonic history have largely deter mined the nature of the landforms.

The past and present pattern of rainfall, the constantly high temper-
ature and the vegetation have affected the past and contemporary geomorpholo-
gical processes. The drainage pattern and the river regimes to some extent
follow the pattern of rainfall.

With the aid of the relative relief map, the generalised contour map,
the Roughness Index, the Index of Dissection and the values of maximum valley
slopes, South Western Nigeria can be divided into ten physiographic units to
replace the three units recognised by Pugh (1955).

The most important geomorphological processes are chemical weatherihg and .ﬂuwat
erosion, and these act differentially on the rocks to produce the landform
types. The pattern of tectonic uplift has resulted in an absence of wide-
spread pediplains hence the etchplain concept is apﬁlied to explain landform
development .

On the basis of the surficial configuration of the different landforms,

the varying amount of rock outcrops exhibited, the distribution of laterite

!
Y

8 See Glossary



and the degree of local dissection based on certain stream properties and
the Percentage Hypsometric Integral, South Western Nigeria is divided into
landform types. Three erosion surfaces are locally recognised on the
sandstone series,

Analysis of the morphometric properites of inselbergs show that
inselbergs developed in granite and syenite are larger and closer to one
another than those developed in gneisses. This indicates that the evolution
of inselbergs depends on the structure and lithology of the parent rocks.

The basic process involved in the formation of inselbergs is that of deep
weathering and erosional stripping under multi-cyclic phases. Pediments
exhibit uniform slope angles on different landforms and on different rock
types within the same vegetation zone, but pediment angles are significantly
different under different vegetation. Basal depressions and basal knicks
are intimately related, and the former are formed in relationship to surface
and subsurface flow of water around inselbergs.

Valley slopes and valley cross profiles vary from one landform type
to the other, but the values of maximum valley slopes are generally higher
under the forest than under the savanna. Valley cross profiles suggest
parallel slope retreat in lateritised landforms, but slope flattening where
primary laterites are absent.

Laterites are of different types, and the physiographic locations of the
different types reflect the pattern of past and contemporary landform develop-
ment. In the contact zZone between the crystalline and the sedimentary rocks,
the Upper Cretaceous scarp is undergoing backward retreat. Where a thick
laterite crust is present on the scarp, the values of maximum scarp slope are
high and constant, but where the laterite is thin or absent, values of

maximum scarp slope are low and irregular. This association of high slope



values and lateritic occurence is seen on the sandstone residuals around
Abeokuta. From these it is concluded that where lateritic caps or other cap
rocks exist on weathered regolith, slope values would be high, and the slope
would retreat parallel to itself, but where absent, slope values will be

smaller and slope flattening will occur,



CHAPTER 1

INTRODUCTION

This is a study of the landform patterns and landform elements in a

humid tropical environment in South Western Nigeria. Within this environment

ehemical Huvial perhaps
the processes ot*uathering andAeroaion are&noré intense and have operated

cont inuously for a longer period than those in the temperate zone. Accordingly,
the landforms should illustrate the effect of these processes on a scale, and
in a degree which is exceptional. Yet little is known about them partly for
historical reasons and partly due to the vegetation cover. A more immediate
and practical reason for study, however, lies in the fact that the greater
proportion of the population in the tropics inhabits this Zone. 1In Nigeria,
especially, the rapid growith in population leads to increasing pressure on
land which is the major resource available to tropical peoples. The utilis-
ation of this resource to its maximum capacity depends on a comprehension of
thogse features which are most difficult to change. Foremost amongst these
are the physical factors such as llépo, drainage and depth of weathered
material. For this purpose, if no other, it is important to understand the
patterns and factors of landform development.

The earliest descriptions of the landforms and landform development in
the humid tropics are containdd in the memoirs of explorers or administrators
e.g. Falconer (1911), and Kitson (1913). In recent years a number of detailed
studies have been carried out in Intertropical Africa. Many of the.earlior
workers, coming from the humid temperate parts of the world often expected
simila geomorphic processes to operate in both humid zones. It 1is,therefore,
not surprising that their interpretation of the humid tropical processes and
landform patterns tend t> be clouded by their a-priori opinions, Later

workers, free from such inhibiting influences, are hampered mainly by limited



financial resources, lack of materials and the physical problems of penetrating
the forest.

Before 1960, most of the geomorphological studies carried out in Nigeria
were based on the 1:150,000 and 1:250,000 map series. These maps are general-
ised and inaccurate. Good airphotos were lacking, and the scales of those
available were inadequate for detailed geomorphological research. The
available geological maps were also overgeneralised, and again the scales made
them limited in value for practical use. The thick forest of the area,
coupled with the high rainfall,makes penetration and detailed study of land-
forms difficult. Even on airphotos, the thick forest effectively bilankets
the landform features. In consequence most researchers concentrated their
efforts on the savanna areas where landform patterns are visible and easily
related to rocﬂpypos. Many of the theories of landform development in the
tropics are based on studies in the semi arid and savanna areasg, and are often
applied, with little re—apprninal)to explain the landforms of the humid
tropics.

The greatest obstacle to the comprehension of the geomorphology of the
humid tropical environment is the lack of data on the processes involved, and
on the landform properties. It is only recently that some data have become
avallable on geomorphic processes such as depth and pattern of chemical
weathering, stream runoff, or soil resistivity, but even these are sparse, and
in most cases, not collected systematically. For inestance, data on weathering
haM largely been collected from pre-determined nitesfhuitabla for dam
construétion. The quantifiable properties of the landforms have not been
systematically surveyed. Slopes have been assessed in a generalised way
for some areas by the F.A.0. (1962). In spite of these“shortconings. '‘towever,

a lot of useful work has been done in analysing the processes and landform



patterns of the humid tropics especially in Nigeria, e.g. Thomas (1965,
1969), Pugh (19855), Wigwe (1966). Several theories of landform development
have been advanced to explain the geomorphic processes and landform elements
like inselbergs, pediments and valley slopes., Unfortunately, most of these
are based on visual impressions of the landform elements with very little
concrete evidence,

Aim of Thesis

The aim of the thesis is threefold, First, the main landforam regions
are identified on the basis of surficial material and configuration, and
their inter.relationship demonstrated, Second, the 1nportan£ landform
elements within each region are defined, measured, and the characteristic
variations within them outlined, Third the development of these landforms
and landform elements is examined within the framework of existing theories
and the data obtained when the landform elements were measured,.

The study outlines the broad landform patterns in South Western Nigeria
which at present are not clearly understood, More important it illustrates
the similarities and the contrasts in the landforms and landform elements
developed on the crystalline basement rocks, and those developed on the
sedimentary rocks under both savanna and forest, The data collected on the
different landform elements has an intrinsic value as a contribution to the
scanty data available for the humid tropical environment,

Methods of Study

Sample areas with different vegctation cover were studied on both the
crystelline basement and the sedimentary rocks, For each naﬁplo area, the
geomorphic processeg were observed and the landform tacetdtheasured-

Altitude readings were taken with altimeters which are the easiest instruments

to use when covering a fairly large area, They are, however, only correct to

£ See Crlossqr;



: 25 feet, GSlope measurements were made with the Abney level, graduated
ranging rods and tape measures,

Several problems were encountered in the practical field measurements.
Benchg:;-smindicated on the maps cannot be identified on the field, The
altimeters were always calibrated tl:eretore at railway stations where there
are reliable spot heights, and these served as the Ordinance Datum wherever
they were present. The farmers, on whose field measurements were desired
were usually suspicious and often refused permission, Areas of secondary
forest regrowth were virtually impenetrable and large trees obscured vision
in the thick forest, Geomorphic processes were not easily observed because
their rate of operation is extremely élow, and in several cases could not be

(see foge 89)
neasureqc Field work took place between November 1968 and August 1969 in
order to gain a fair impression of the geomorphic processes during the dry
and rainy seasons,

Since 1960, most of Western Nigeria has been mapped by the 13150,000
series drawn from aerial coverage flown by the Canadian Aero Survey Company
for the Federal Government of Nigeria. The airphotos are at a scale of
1140,000, 42 of the 1:50,000 maps cover the field area (Fig. 1), Secondary
dﬂta on landform elements were obtained from these and they also served
as base maps in the field, The maps have a high degree of accuracy, and
instrumental readings nearly always corresponded with points on the map, with
the exception of ridge and inselberg summits where map data and 1nstrumentl‘
data could show differences up to 75 feet, The 140,000 airphotos covering
the whole of South Western Nigeria were examined in order to plot the
preliminary aspects of the field work, and to map landforme and analyse

some drainage basins, The solid geology has been mapped at 1{250,000,(%:#&7?350“ '9"*)

but unfortunately the rocks have no well defined boundaries. Notwithstanding



these shortcomings, geological maps nos,. 59, 60, 68 and 69 of the
Federal Geological Survey of Nigeria were used in the field,

Area of Study

The area selected for study coversapproximately 8,000 square miles in

South Western Nigeria (Fig. 2). It is located between latitude 6°N and
. o o
84 N, and longitude 2 40' and 4% E (Fig, 1) and lies in the humid tropics
of West Africa. Included within it are Abeokuta, parts of Ibadan, ljebu
and Oyo provinces in the Western State of Nigeria, To the West, it is
bounded by the international boundary between Nigeria and Dahomey, to the
east by the Oshun river and to the south by the Gulf of Guinea., A line
LA e i
running north of lwe to Lwe Jdlaseyi to aRd=toRoKIFsP=1%¥ie forms
the northern demarcation (Fig. 2). Idealiy, the area should be extended
further north to the primary watershed between the rivers flowing to the
Niger and those flowing to the Gulf of Guinea, but this watershed area has
already been studied by Thomas (1985, 1969) and Wigwe (1966)., Nevertheless
the
a few trips were made toﬂShaki area to compare or contrast the landforms
coastiing

with those to the South, The <csastéed~area was not studied since it
Justifies research by itself. Moreover detailed work has been done by
Pugh (1953, 1954a, 1954b) and Webb (1958), Due to physical and financial
limitations, field work could not be extended over all the 9,000 square
miles of South Western Nigeria, sample areas covering 900 square miles
had to be selected for study (Fig. 2).

South Western Nigeria satisfies the definitions of humid tropical

prepounded _
environment“by Gourou, Garnier and Kuchler., Gourou (1947), sees the
humid tropical areas as being delimited by the isotherm of 64.4°F (18°c)

for the collest month and by the 16 ins. isohyet for the rainy season,

with enough rain for agriculture without irrigadion. Garnier (1968, 1961)



& 00N 1
1 ljio
(
\ Oyo
—L239 240 241 242
}
l_ Igan&:n Iwg
7°30N \ /
Al oMeko Ibadan
i ¢ .
{ i
259 260 261 262
\
- L
'd Abeokuta
700N J
(
)
{ licbu o | *
| liebu Ode 281
y
78 279 280
\
/’
| Badagn Hoge | —
6°00N
230E FOOE 200E
10 0 10 20 SOMILES

INDEX OF THE 1:50000MAPS COVERING SOUTH WESTERN NIGERIA

PiG.1




L)

identifies the humid tropical area as one where the following conditions
gre satisfied (i) the mean monthly temperature for at least 8 months of
the year equals or exceeds 68°r (20°C}. (i1i) the vupqur pressure and
relative humidity for at least 6 months of the year ;kera¢§ at least

20 mb and 65% respectively and (iii) the mean annual #ainéall totals at
least 40 ins (1000 mm) and for at least 6 months, pr@éipit:aum is 3 ins
(75 mm) or more for each month, Kuchler (1?61) u-engvegétntton as criteria
and distinguishes two types of humid tropicsi (1)'aréas whoreihunidity
is permenently so high that dry periods are either non existent or are
inadequate in duration and inteneity to result in any significant degree
of xeromorphy in the vegetation, (ii) areas where a distinct contrast
exists between a drier and a wetter season but ‘the changes brought about
by the dry season are largely limited to deciduousness and a greater
presence of grasses,

The thesis is in two parts, The first section is devoted to an
examination of the physical background, the geomorphological processes
and the broad landform pattern of South Western Nigeria. In the second,
some important landform elements on the crystalline and sedimentary rocks
are described in detail and their evolution outlined, Finally, the -

erk
practical application of the #;Ql*i is considered.
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CHAPTER 2
GEOLOGY
The broad pattern of landform development in any given area is
normally determined by the structural and lithological variation within
the rocks, In South Western Nigeria, wherelchelical wegthering appears to

be the dominant geomorphological process, the effect of the geology on

landform is still pronounced,

The greater part of Scuth Western Nigeria is composed of pre.Cambrian
rocks commonly referred to as the basement complex., These rocks extend
over an area of approximately 5000 square miles. South of the basement
complex are the sedimentary rocks, varying in age from Late Cretaceous
to Recent times, which occupy an area of some 4000 square miles (Fig. 3).
The rocks of the basement complex consist of the gneiss complex, granites,
quartzites and schists, Outcrops are infrequent, however, due to the
intense chemical weathering, sediment or lateritic cover and poor vertical
down cutting by the rivers., When they occur, they mainly consist of
small blocks in river channels, but they also form components of rock
pavements, tors, corestones and inselbergs.

The sedimentary rocks lie unconformably on the crystalline rocks with
a total thickness estimated at 3000 feet by Russ (1924) to more than 7000
feet near Badagri (Mobil 0il Coy drilling logs). These rocke have been
studied only recently because of the economic interest generated by the
discovery of potash near Ifo, together with the limestone and shale at
Ewekoro which are now used for cement manufacturing. Exposures are few
as the rocks are generally covered by a thick mantle of red earth, brown
clayey sand and mottled clay resulting from deep weathering, They have

been studied mainly by sections from unlined wells and holes drilled by



the Geological Survey Department of Nigeria.

In this chapter, the rocks of the basement complex will be
examined, followed by the sedimentary rocks nnd'the superficial drifts,
The geological history will be diascussed and & comparison attempted
between the rocks of South Western Nigeria and those in other parts of
West Africa,

The Basement Complex

There is no consensus of opinion among geologists as to the
classification of these rocks. Wilson end Bain (1922), who studied them
along the Western railwnﬁline from Iddo to Okuku, made a simple division,

as follows, based on the absence or presence of foliation in the rocks,

and ages
Non foliated Foliated
Various alluvial materials The Younger Intrusives . granites and
The sedimentary rocki gneisses
The basic rocks The Older Intrusives . gneisses and

schists
The sedimentary series . quartiites,
gneisses and schists,

It is d?}fioult to see how Wilson and Bain distinguished between the
different gneisses, and further, categorisation based on age is well nigh
impoasible because these rocks have not been datag to any useful extent,

The tollowing authors have classified the rocks as shown in the table
below, Jones and Hockey (1964); and Oyawoye (1968) adopted a genetic

classification while Haughton (1963) used the generic approach to classify

the rocks as followsi.



Table 1 Classification of the basement complex rocks

Jones and Hockey (1964) Oyawoye (1965) Haughton (1963)
i. The Gneissic Complex i. The Older i. Tha Older Granites
ii. The Older Granites metasediments occuring as
#i . Charnokitic Intrusions #i . The Gneisses, bathetiths
Migmatites and ii. Gneisses and
the Older Granites Migmatites
i . The Younger . I Schists, phylites,
metasediments quartfites,

marbles and
amphibolites
In this study, the rocks of the basement complex are discussed by
mode of originﬁ This avoids the conflicting views about age, while a
descriptive approach emphasises the distinctive characteristics which
are relevant to geomorphology. Thus the rocks are conveniently divided
into Igneous, Metamorphic and Sedimentary rocks, and discussed in terms of
the pattern-of occurence, texture, composition and lithology. Superficial
drifts are also axaainedf

THE IGNEQUS ROCKS

The Igneous rocks form a complex mainly composed of granites and
granodiorites, Typical of these is the coarse porphyr1t£::¥:;n1te which
coversan area of about 350 square miles (Fig. 3). Jones and Hockey (1964)
believe that these were formed in three phases which they labelled Early,
Main, and Late, The rocks are the products of magmatic intrusions as
large batholitic bodies, as indicated their crystal sizes. They were also

formed by the granitization of local rock bodies as witness the inclusions

of schists, The two types which mainly occur in South Western Nigeria are
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the grancdiorites and the coarse porphyritic granites.

Granodiorites are found in a few localities, especially near Igbo ora,
They occur either as small bodies or as inclusions within larger granitic
magses, or as dykes cutting through gneisses, The rocks are medium
grained and dark coloured, largely composed of plagioclase, microcline,
quartz and biotite (Table 2), They may be massive or joliated
dependant on the relative amount of biotite present.

Table 2 Modal Mineral Composition of Granodiorite

Mineral Percentage
Plagioclase 49 .4
Microcline 8.6
Quartz 17 .4
Biotite : 21,6
Myrmekite 0,56
Sphene 1.0
Apatite 0.4
Magmetite 0.3
Orthite 0.3
Pyroxene 0.2

Source.(Jones and Hockey 19643 p.33)
Coarse Porphyritic Granites cover very large areas as discrete bodies

ranging from about 30 square miles at Eruwa.Lalate, to about 90 square

' o£ bare nak_'m-t-rl AS parts of
miles at ldere.Tapa (Fig. 3). The percentage
inselbergs, rock pavements, tors, and corestones is greater than for all
the othﬁr rocks (Fig. 4)., Three categories may be differentiated according
to their mineral composition,

(a) Coarse, Porphyritic, Biotite, Biotite.Muscovite Granite is the



11

most widespread and occurs near ldere.Tapa, Eruwa.lalate, and in
Abeokuta township. The rock is light coloured and coarse grained. There
are two types., Those which form the largest inselbergs contain very
large felspar crystals (phenocrysts) 1,5" . 3" long (Plate 1); those with
phenoaysts less than 1,25" in size, form smaller outcrops. The rocks
usually have sharp boundaries with the country ;ocks, but they may grade
into them e.g. at Idere, where they contain inclusions of darker rocks
with fine crystals. Elsewhere the contact may hot be discernible. The
phenocrysts are predominantly microcline, and the other minerals which
form the ground mass are tightly 1nteriockad. Quartz occurs either as
rounded inclusions within plagioclase and microcline or as irregularly
shaped crystals. Muscovite together with biotite form the dominant

basic minerals. Jones and Hockey (1964 p. 33) show the modal composition
of the minerals thus:.

Table 3. Modal mineral composition of Coarse Prophyritic Granite

Mineral Percentage
Plagioclase 32.2
Microcline 14,8
Quartz 32.6
Biotite 18.4
Myrmekite 0.1
Muscovite : 1.2
Apatite 0.8
Magnetite 0.1
Orthite 0.2

At Eruwa.Lalate and Idere.Tapa, the trend of the rocks is meinly E . W

and NNE . SSW as seen by the alignment of the porphyries. Vertical and



Plate 1, Outcrop of coarse, porphyritic, biotite, biotite.
muscovite granite at Abeokuta., Note the size of
the phenocrysts, :

Plate 2, Outcrop of migmatised gneiss showing an intriecate
pattern of folding.
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horizontal joints divide the rocks into large sub rectangular blocks, The

dominant joint directions were sudied in various places, Around Eruwa,

they trend along 30° . 210° (NE - sW), 90° . 270° (E - w), 160° _ 340°

(SSE . NNW), 140° . 320° (SE - NW), o°_.. 180° (N . 8), 40° - 220° (NE . sW),
60° - 240° (NE - W), 120° - 300° (SE - NW) and 80° _ 260° (EEN - wws),
Most of the joints follow the trends of the rocks,

(b) Coarse Porphyritic, ﬁornblando, Granite.Syenite is found mainly
around Oke.lho and also near Oru (Fig. 3), and outcrops are frequent, Dark
coloured, and medium to coarse grained, it is composed mainly of hornblende
and microcline with variable amounts of quartz and biotite, The
phenocrysts which are of microcline are gnerally less than 1" long. The

modal mineral composition for a sample near Oru is shown in the table below,

Table 4 Modal Mineral Composition of Coarse porphyritic hornblende

Granite.Syenite
Mineral Percentage
Plagioclase 7.8
Microcline 49,7
Hornblende 16.6
Quartz 10.6
Biotite 8.2
Sphene 2.7
Myrmekite 2.1
Magnetite 0.3
Calecite 2.4

Source .. (Jones and Hockey, 1964 p. 33).

The rock trends NNW .. SSE in the Oke.lho area. It is well jointed and

the measured dominant joint directions are 170° . 350° (SSE - NNW), 120°
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- 300° (SE . Nw), 20° . 200° (NNE - SSW) and N . S,

(c) Undifferentiated Older Granite . These are large bodies of
granite found mainly between lgana and Iwere, The rock is light coloured
with medium to coarse grains. It is composed of fine grains of quartz,
felspar and biotite which form a dense groundaass in which felspathic
and quartz porphyries about 1" long occur. The rock is thought to be a
porphyroblast (Jones and Hockey 19264) and has large inclusions of finely
foliated dark schist, Joints are relatively sparse, and the measured

dominant direction is 50° . 230° (NE - SW).

THE METAMORPHIC ROCKS

These rocks are said to be of sedimentary origin (wilson and Bain,
1922, Russ, 1924, Jones and Hockey, 1964.,) and have been metamorphosed
in two phases. The earlier changed them into gneisses, schists and
quartzites! and the later mostly affected the gneisses,.

The Gneiss Complex: The gneisses are believed to have been

migmatised during the emplacement of the granites (Oyawoye 1963). This
changed their appearance, texture and structure, although the degree
varies from one part of the gneiss to another, In some cases the
proportion of the metasomatic material injected into the gneiss may be
as much as 80% and the rocks are referred to as migmatites, Jones and
Hockey (1964) expressed the difficulty of mapping these rocks
seperately and accordingly refer to all of them as migmatites on the
Geological Sheet 59 of Nigeria., In this study, the term migmatite is
used to refer to migmatised gneisses, Associated with mipgmatisation is
the plastic pattern of folding whereby the rocks have discontinuous,
lenticular, wavy or curved folds (Plate 2). The rocks have nearly the

same mineralogical composition and can best be differentiated on the
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pattern of banding. Using this criterion, four types can be identified:
Biotite hornblende gneiss, Banded gneiss, Semi.banded gngisl and Granitic.
gneiss,

Bilotite.hornblende gneiss, which is highly mipgmatised occupies the
largest area of all the rocks of the basement complex (Fig. 3). The rock
outcrops, mainly where migmatisation has been intensive, as complexes
of domes and rock pavements, and also along river channels, It is
distinct from the other groups because of the pattern of folds and the
greaster proportion of hornblende in the composition. The rock displays
plastic folds and banding, with light bands alternating with dark bands.
The bands are uveually thicker at the axes of the micro.folds, and as
observed in a quarry north of Abeokuta, the bands are from G.3" . 9.0"
thick. The light bands are composed of quartz and felspar while the
dark bands are composed of hornblende and biotite, both of them
occuring as inclusions in each other, The proportion of quartz is high
and locally may be up to 70%, occuring as inclusions in oligoclase
crystals and in association with microcline. The rock is foliated and the
mineral bands trend and are parallel to the direction of the foliation,

It is well jointed with vertical joints being most common along the

fhe vieu
foliation trend. Wilson and Bain (1922) expreqsod‘thlt the main strike
of foliation is ESE . WNW, but field gti&:::ﬁﬁ::ggaut' that the major
strike of foliation is N . S and occasionally NE . SW, Around Oyo the
main strike of foliation is 20° _ 200° (NNZ - SSW), near Odo Ogun it is
N - S, near Fasola it is 140° . 320° (SE - NW) and 90° - 270° (E - W).
On Ado Rock it is N . S and at the quarry north of Abeokuta it is
N - S. The dip of foliation is steep to vertical, but varies from place

to place. 1t is 40° near Oyo, GOO at the quarry north of Abeokuta and



vertical at the quarry near lbadan.

The banded gneiss is migmatised in parts, but 1
folding. The bands are often persistent wi;h alte
coloured, varying in widths throughout the roeck. (P
lenticular bodies of quartz and pr other rocks are _It@n present and
these split up the bands (Plate 4). The rock is ma :iy composed of the
same minerals as migmatites except that microcline }s absent and the amount
of hornblende present is very small, It displays tﬁe same foliation and
dip characteristics as migmatites.

The Semi.banded gneiss is poorly bﬁndad and indeed the bands may be
absent, The rock then grades into homogeneous gneiss, The predominant
minerals are quartz and felspar with a little amount of biotite present,

The following rocks are gneisses, but they are not banded, and in
some cases they have different structure and lithology from thosediscussed
above, Biotitic gneiss occurs in a very small area north of Abeokuta,
and outcrops mainly on the bed of the Ogun river, It is dark and medium
grained and composed mainly of mesaics of oligoclase, quartz and biotite.
Biotite occurs as schistose patches and account for more than 30% of the
mineralas, The rock is structuraliy weak and decomposes rapidliy,

Granulitic gneiss outcrops on both sides of Iwere dome and also near
Iserin., It is 1light coloured and fine grained, The compoaition is mainly
of quartz, which accounts for more than 70% of the mineral constituents,
microcline and biotite, The rock disintegrates into flaggy rubbles like
quartz ite,

Granulitic.muscovite.gneiss covers an area of about 15 square miles
and outcrops as domes at Igana, The rock is fine to medium grained, and

the minerals are saccharoidal, It is composed mainly of quartz, which



Plate 3, An outcrop of banded gneiss near Fasola

Plate 4, Banded gneiss displaying a dark inclusion
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forme up to 70% of the mineral constituents, oligoclase and microcline
with flakes of muscovite distributed within rock as thin bands.
Samples from the rock suffer rapid granular disintegration.

Quartrites and Quartz Schists

These rocks occur as elongated bodies and have a wide distribution,
but their total area is small, They are found within and south of
Ibadan township, south of Oyo, around Iseyin and at Olokemeji. Although
they >jccur mainly as ridges and as lines of hills, ocutcrops are rare
because the ridges are often smothered with the flaggy fragments, They
are however, well exposed on the grounds of Iseyin Rest House and near
the Premier Hotel at Ibadan (Plate 5), Quartzite is found mainly as
maessive bands, several feet thick, or as thin bands, It is largely
composed of quartz which forms more than 95% of the mineral constituents,
Muzcovite is present, but where it forms more than 3% of the mineral
composition, the rock becomes flaggy and foliation becomes more
pronounced, The quartzite then changes into quartz . schist as can be
seen on the grounds of the Iseyin Rest House, The rock 1is extremely well
jointed (Plate 5) and most of the joints follow the N . S foliation
direction of the quartzite, The angle of dip is extremely steep, and the
quartz ite at Iseyin Rest House has a vertical dip,

Schists cover a small area, As a rule the rocks weather rapidly
hence outcrops are few, They can be differentiated amccording to the
texture and mineraqlogy.

Amphibole schist occurs locally, mainly between Igana and Oke.lho,
but the total outcrops are limited., The rock is dark and fine to medium
grained, Amphibole conatitutes 80% of the mineral contents of the rock,

with quartz and andefsine occuring as infrequent bands. The rock is



Plate 5. Outcrop of quartzite on a road cut near the Premier
Hotel at Ibadan,

Plate 6, Quartz vein seen on a road cut near the University
of Ife,
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foliated and is often well banded,

Amphibolite occupies an area of about 30 square miles south east of
Idiya, and is also found near Imala and east of lIghoora where it outcrops
as boulders or as bands in migmftites. The rock is very dark, fine to
medium grained and composed mainly of hornblende and plagioclase with a
small amount of quartz and biotite occasionally present,

Mica schists occur fairly widely, especially near lbadan where the
thin schist bands lie between parallel quartzite bands. As the rock is
highly susceptible to chemical weathering, outcrops are few, Mica schists
weather into red sar y clay which is used locally for brick.making (at
Ibadan), It is composed of quartz and muscovite with small amounts of
biotite and garnet, The rock is strongly schistose,

Pegmatites and Dykes

Pegmatites are common throughout the different rock types discussed
above, There are two types . those composed mainly of ferro magnesian
minerals found in migmatitesj those composed of coarse grains of biotite,
muscovite and quartz found in granites and other rocks, The crystals are
large, being as much as 3" thick at Aro Quarry. The porphyritic types of
pegmatites often occur as large bodies near granite.gneiss e.g. near
Igana and at Asejire dam site .

Quartz veins are found as stringers in granites and gneiases. They
are composed entirely of quartz with mica occasionally present,
Frequently they persist long after their host rocks have been completely
weathered., (Plate 6),

Basic rocks, such as diorite, gabbro, and pyroxenite, are also found in
several localities, mainly as dykes intruded into the gneiss complex,

Diorite forms low ridges and large corestones near Olokemeji and Igboora.
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It is dark and medium grained and composed mainly of hornblende, andesine
and some quartz. Gabbro also form small dykes and is composed of

augite, hornblende and magnetite, Py¥oxenite occurs as gdykes and is
composed of aMgite, olivine and plagioclase which undergo rapid chemical
decomposition.

THE SED]IMENTARY ROCKS

The sedimentary rocks occur as far north as latitude 7015 at the
Dahomey frontier and 6050 near the Osun river (Fig. 3). They continue
unbroken from the contact zone with the crystalline basement to the coast,
The northern boundary is characterised by an escarpment whose flat top is
easily distinguished from the curves of the crystalline area., To the west
of the Ogun river, this boundary is well defined, but to the east between
the Ogun and the Ibu river, it is irregular and marked by numerous
outliers of sandstone lying on the basement complex. East of the Ibu
river to the north of Ijebu Ode, the boundary becomes distinct, but it
merges imperceptibly into the basement complex near Ijebu.lIgbo.

There is no agreement concerning the number of the sedimentary
formations. Russ (1922) discussing the sedimentary series from Lagos to
Abeokuta classified them into two groups; a group of red sandstone with
sub.ordinated varidgated clays; and a group of well stratified shales and
sandstone often bedded. He estimated their total thickness at 3000 feet
and dated the oldest to Eocene, Jones and Hockey (1964) recognised five
formations in the sedimentary seriesi.

i. the oldest Abeckuta formation of Upper Senonian (Late Cretaceous)

ii. the Ewekoro formation of the Paleocene
iii, the Ilaro Formation of the Eocene
iv. the coastal Plain Sands of the Oligocene .. Pleistocene and

v. the Coastal and river alluvium of recent times,
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Reyment (1965) recognised all the above five formations and two morej
the Oshosun Formation and the Ijebu Formation. He agreed that the Oshosun
Formation and the ljebu Formation could be lateral variations of the Ilaro
Formation,

The sedimentary aeries of the thesis area have been correlated with the
sedimentary series of other pajyts of Nigeria (Table 6), The lower and
middle Cretaceous Series, however are absent in South Weastern Nigeria,

The reason for this is discussed later in this chapter,

Table 6, Correlation between the Sedimentary Series of South Western

Nigeria and other parts of Nigeria

South Western Nigeria North Western Nigeria South Eastern Age
Nigeria
Alluvium Alluvium Alluvium Recent
Coastal Plain Sands Gwandu Clay Coastal Plain Oligocene.
Sands
Grit Group Pleistocene
Ilaro Formation Caleareous Group Bende.Ameki Upper
Group Escene
Clay Shale Group Imo Shale  .Lower
Eescene
Ewekoro Formation Upper Sandstone and Upper Coal Paleecene
Mudstone measures
Abeokuta Formation Masaurus Shales False bedded Upper
Sandstone Senonian
Lower Sandstone and Lower Coal
Mudstone Measures

Asata Nkporo

Shale group
Gundumi Grit Awgu Ndeaboh Senonian to
lower
Il1lo Group Shale group Cretaceous
Crystalline Basement Crystalline Basement Crystalline Lower Paleozoic.

Basement Pre Cambrian
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The Abeokuta formation, consisting mainly of sandstones, is the largest
of all the sedimentary series and occupies about 1,300 square miles,
It 1s not well exposed as it has been weathered into mottled sandy clay more
than 100 feet deep everywhere (Fig, 4)., Exposures are seen only rarely
at the trenches of the consequent stream heads. The formation is higher
west of the Ogun river than east of the river, The rock grades laterally
into other formations and is mapped on topographic, soil sample and pit
sample evidence,

The formation varies in thickness from 800 feet at the Dahomey
border tc 600 feet near Wasimi and 400 feet near Ijebu Ode, The different
strata within the formation change rapidly and it is often difficult to
distinguish the individual bands. A typical stratigraphical succession
in a generalised form from base to top will show conglomerate 2 feet .

3 feet thick, arkosic sandstone, grits, sand, clay, shale and sand,
Qelitic sandstone occurs near the base occasionally, and the conglomerate
may be absent in any locality. Bitumen has been seen near the Yemoji
river, Cross bedding is common within the strata. The formation lies
unconformably on top of the basement complex and the depth of
unconformity varies from place to place, The high amount of sand within
the different strata makes the whole formation pervious, and this has led
to deep chemical weathering. Reyment (1965) used palaeontological
evidence to date the formation as Upper Senonian, while Tattam (1943),
apparently with no evidence, believed it to be Eocene.

The Ewekorc formation consisting mainly of Shale and limestone occur
south of the Abeokuta formation. The surface of the formation is marked
by an ill.defined depression, the Lama Hollis Depression (Pugh 1934),

which continues into Dahomey. The formation is rarely exposed except at
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Ewekoro village where it is being quarried for cement works, It varies

in width from about 8 miles on the Dahomey border to 1 mile south east

of Shagamu, and seems to disappear sone distance east of the town, The
total thickness of the formation is about 600 feet. A typical section
across the formation from base to top - 11 show marl, limestone, and

shale, Reyment (1959) mentioned that the shale was deposited in a shallow
body of water. The limestone bands total 100 feet, and individual bands
are hard, The shale is laminated and friable where exposed. Reyment (1959)
dated the formation as Paleocene, The shalé and limestone are impervious
hence marshes and swampe have developed on the formation,

The Ilaro formation occurs lquth of the Ewekoro formation and 1its
northern boundary is marked by an escarpment, It coversd a fairly large
area, but it is poorly exposed, Within the yellowish, unconsolidated rock,
the sands are coarse and angular, and poorly sorted, while there is a
considerable amount of clay. The formation is extremely porous and has
been deeply weathered. It includes strata containing phospate and
glauconite especially near Ifo railway junction; these have proved of
limited economic importance., Reyment (1965) used mollusc remains found in
the rock to date it from Middle to Upper Eocene.

The Ilaro formation is succeded southwards by the coastal Plain Sands
and the boundary betwe;n the two is difficult to establish, The latter
formation is composed mainly of red earths, loose and ill sorted sands
which Parkinson (1907) termed the Benin Sands, The abundance of clay imn it
haz led to the rejection of this title, The ccastal Plain Sands have a
maximum thickness of about 360 feet. A typical stratigraphical
succession from the base to the top shows soft, poorly sorted clayey

grits, pebbly sands, sandy clays with occasional lignite and sand. The
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formation is pervious, Plant remains have been used by Jones and Hockey
(1964) to date it from Oligocene to Plio.Pleistocene,

The recent formations consist mainly of littoral and lagoonal
sediments which grade into one another on the landward sides of lagoons
and near the mouths of the larger rivers. The formations vary in width
from 15 miles east of Lagos to about 5§ miles near Dahomey. The maximum
thickness exceeds 7000feet near Badagri at the surface::éﬁ: rocks are
composed of old beach ridges. Stratigraphically they are composed mainly

of clays, mud and sand with varying proportion of vegetable matters,

Structure of the Sedimentary Rocks.

The constituents of the sedimentary rocks vary from coarse materials
at the base to fine materials at the top, and also vary in this manner
laterally where the southern boundary of one grades with the northern
boundary of the other,

The rocks are unfolded, but minor flexures are present. This
contrasts strongly with the folded Lower Cretaceous shale groups of
Eastern Nigeria, The rocks dip gently southwards and south_south.
westwards at 10. They are probably faulted. Certainly along the Ogun
river south of Abeokuta, this would account for the fact that the
Abaokﬁta formation west of the Ogun river is higher than that east of the
Ogun river. The low escarpment of the Eocene sandstone overlooking the
Ewekoro formation is also probably due to faulting,

Superficial Drifts

These are composed mainly of alluvial and colluvial materials,
laterites and some wind borne deposits (Fig. 4).
Alluvial materials are found mainly on the flood plains of the larger

rivers like the Ogun, Yewa, Ibu and Oshun, and are also found inland along
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their smaller tributaries, Their characteristics depend on their
physiographic location. Those connected with upper level terraces
especially along the Ogun are composed of unso:@éd coarse sand, sub.
rounded pebbles and clay lenses. Those at the flood plain are composed
of fine to medium grained sand and sflt and often show evidence of
stratification,

Colluvial materials are found naiﬁly at the foot slopes of the Upper
Cretiaceous and Eocene escarpments, They are usually composed of brownish
gritty clay and unsorted sand and clay fractions

Laterites are mainly of two types. The primary type tormed'ig_giig
. are found on the Cretaceous sandstone, occasionally on the footslope of the
escarpment, and at various locations on the basement complex. The
detrital type are found on the footslope of the escarpment and at various
locations on the basement complex,

Wind borne sediments, though widely distributed in Northern Nigeris,
have not been found to any appreciable extent in the South West, They are
occasionally present as fine sediments in hollows and groovea on high
inselbergs, They are grey in appearance and except where trapped in joints,
they are quickly washed away in the wet season, It appears that the
sediments are washed down by rain from the fine dust presemt~ in the
atmosphere during the harmattan. The table below summarises the
characteristics of the various superficial sediments found in South

Western Nigeria.
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Sediment

Sediment Characteristics and Location

Nature

Location

Brownish Grey fine
alluvium

Grey medium-coarse
alluvium

Grey-white alluvium

Terrace alluvium

Brownish gritty clay

Primary Laterite

Detrital laterite

Ferruginised Sandstone

Fine sand mixed with clay;
very friable, with
occasional stratification

Medium sand mixed with
coarse sand and clay
containing large amounts
of rotting vegetable
matter

Medium to coarse unsorted
sand, Clay completely
absent, Used for
building and other
constructions

Composed of ill.sorted,
sub rounded pebbles and
stones, sand and
occasional clay lenses

Mixture of clay and
decomposed laterite

Massive, pisolitic,
extremely hard

Broken up primary laterite
rubbles in some cases
undergoing recementation

Amorphous large masses of
hard sandstone indurated
by ferric oxide, but often
broken into smaller
pieces

Found along the
river channels in
the sandstone area
around Aiyetoro
and Ilaro

Found along the
flood plains of
Ogun, Yewa, Ibu
and Oshun

Found along the™
smaller tribut.
aries in various
places on the
basement complex

Found along the
Ogun and seen
clearly at
Olokemeji

Found on sandstone
escarpment
footslopes between
Imala and Obada

Found on the Upper
slopes of the
Cretaceous
Sandstone escarp.
ment and on the
sandstone upland

Common on lower
slopes of sandstone
escarpment and in
various places in
the basement
complex

Common in the Eocene
sandstone north
of Ilaro
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Geolog}cal History.

The sedimentary rocks have been dated to a large extend, but this
cannot be said of the cryltilline rocks whose age and geological history
are still not well established, The following account, pieced together
from several sources, can only tentatively indicate the broad outline
of the geological history of the rocks,

It is believed that the various gneisses, quartzites and schists are
of sedimentary origin (Wilson and Bain 1922, Jones and Hockey 1963, Ruﬁs
1924). Russ, in particular, mentioned that there were two periods of
sedimentation, the first led to the formation of the gneisscomplex
by regional metamorphism and the second led to the formation of fine
grained sediments which were compressed, isoclinically folded and
converted into schists, Evidence cited for the sedimentary origin of
these rocks are the frequent alternation of quartZite and mica schist
bands, the gradation of quartzite into quartz.schists, the dip of the
gneisses and the quartzites, the banding and foliation, and the flaggy
partings of the various gneisses and schists, The disposition of these
old sedimentary series is equally difficult to establish because of the
nblencé of marker rocks, Quartzites, which could be used, are not
always distinctive enough as they grade into schists, Nevertheless,
Jones and Hockey (1964 p. 54.55) postulated that the old sedimentary
series were probably folded into either an anticlinorium or synclinorium
trending in a SW . NE direction, Wilson and Bain (1922) were of the
opinion that these rocks were thrown into a series of gentle folds in a
north to south direction., What is clear is that the rocks were folded,
as witness the dips of the quartzite bands and migmatite in the field,

These pre Cambrian rocks have been dated to 3,200 .. 3,400 million years
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B.P. by Furon (1963), and their equivalence, the Dahomeyan basement of
sedimentary origin, is said to be of similar age., The Birrimian and the
Atacoran rocks which are of sedimentary origin dated to 2000 . 3000
million years B.P. by the same author are found in Ghana, but are absent
in Western Nigeria. ) |

After the old sedimentary seriec were g;g::edv they are.mv:d‘ to
have been metamorphosed in two distinet phases as mentioned earlier,
There is no agreement about how this metamorphism took place, Oyawoye
(1668) believes that the migmatisation of the gneis-éa was by‘lit.perﬁlit'
replacement while Jones and Hockey (1963) believe that it occured in two
phases, a'lit_per-1lit’ replacement, and an intrusive replacement.,

The granites are Li2lieved to have been emplaced within the country
rocks, and, during this process, various pegmatit:s and dykes were
formed, Emplacement has been postulated in three phases (Jone and
Hockey 1964) i.e, an earlier one leading to the formation of granodiorite,
a main one leading to the formation of the coarse porphyritic granites and
the various porphyroblastic gneisses, and a later one when the pegmatites
and the basic dykes were formed. These rocks have been dated by the above
geologists to 495:20 million years B.P., With granitic emplacement the
existing gneisses suffered shearing and faulting, while crustal tension
a}so led to the formation of a series of joints and faults in them, These
faults are now difficult to trace as they were partially filled up by
intrusive materials,

Following the granitic emplacement, a long period elapsed before
newer rocks were formed, According to Russ (1922) at the beginning of

the Cretaceous period, a sea transgression occurred all over Southern

Nigeria and moved along the Niger Valley to part of Northern Nigeria,
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and in Northern Nigeria, but not in Western Nigeria., It was in the

upper Senonian period that new rocks were formed, The sedimentary

rocks derived their basal materials from coarse sediments eroded from

the crystalline rocks and deposited along the then coast line, In turn,
this was followed by the deposition of marine materials, As the sea
retreated, this pattern of deposition continued,.  Thus the sedimentary
series vary from fine materials from the top to coarse materials at the
botto;, and th;l_varlntion is both lateral and vertical. The basin of
deposition existed right from Togo to the Niger Delta where it was cut off
by & ridge of basement rock. This may perhaps explain the absence of lower
Cretaceous rocks in Western Nigeria, After the Paleocene, deltaic and
estuarine deposits became important,

When these sediments were being deposited, the basement coapléx in
Western Nigeria probably suffered a flexuring into a low asymmetrical arch
whose axis trends NNW . SSE (Falconer 1911 p. 233.4). This axis for=ms the
preso;t water divide between streams flowing to the Niger and streams
flowing to the Gulf of Guinea. Kitson (1913) however believed that the
basement complex was uplifted (a) in the Pliocene (b) in the Oligocene -
Mieccne and (¢) in the Quarternary periods with the last uplift being in
a NW . SE axial movement along the primary watershed of Western Nigeria.
These flexuring and uplifts of the basement rocks are probably
equivalent to the cymatogenic arching which King (1962) descéribed for the
crystalline rocks of West Africa at the end of the Cainozoic age. The
flexuring of the baseiient rocks is perhaps responsible for the basin, over
7000 feet deep, found along the present coastline by the Mobil 0il Drilling
Group (1960) which could have been formed as a result of being a syncline

or as a result of downwarping due to isostatic pressure exerted by
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sediments overlying it.

Comparison between South Western Nipgeria and other parts of West Africa

Except for the absence of the lower and middle Cretaceous sediments
in South Western Nigeria, it appears there is no significant difference
in the broad geology of South Westérn Nigeria and the other parts of
West Africa, Only along the coastal area of Senegal and parts of Ghana
are Ordovician and Jur)‘as':ic sedimentary rocks found (Haughton 1963),

The absence of Mesozoic sedimentary rocks has been atﬂributed by King
(1962 p, 60) to the fact that Wesat Africa was still joined to South
America up till the early Albian (Upper Cretaceous) period, This may
partly explain the absence of these rocks. Continental depositions of
pre Cretaceous period are found in several places in the interior of West
Africa, but are absent from the coastal area, In:g:se of the crystalline
rocks, the gneiss complex of Nigeria also found in Dahomey appear to

. be present in Ghana and elsewhere, The focks in Ghana are younger with the
éirrimian and Atacoran series dafed to 2000 -~ 3000 million years B.P.,
the Tarkwaian dated to 1,850 million years B.P. by the Falemian dated
600 . 3000 milliOn years B.,P, by Furon (1963), The older granites of
Nigeria have been widely recognised in West Africa.

The rocks discussed above are differently affected by chemical
weathering and erosion, and these geomorphological processes are caused
by rainfall variation and intensity, high incidence of temperature and

other geographical factors discussed in the following chapter.



P 29
CHAPTER 3
CLIMATE AND VEGETATION

The most important gaoaorghological processes in the humid tropics
are chemical weathering andﬁk:::ion. and both are related to climatic
elements like rainfall and temperature. Rainfall determines the
availability of water for chemical reaction while temperature determines
the speed of chemical weathering. As the availability of water for
chemical weathering varies directly with the amount of rainfal}, the greater
the rainfall, the greater will be the volume of water vailable for chemical
weathering, Direct variation between chemical weathering and availability
of water is modified by several factors most especially vegetation,
Vegetation produces organic matters which further intensify chemical
weathering, but at the same time it often decreases the water available
for chemical reactions through evapotranspiration, More important, where
vegetation is thick, as in the forest, part of the rainfall may not
reach the ground, and the volume of water is reduced by retention in the
canopy. Also in the forest especially where chemical weathering is
pronounced, water is not an important erosional agent., In the savanna
where the vegetation is sparse, the volume of water available for
weathering and erosion is not much decreased by the vegetation,

Chemical weathering appears to have continued Wgeological
times in the humid topics, Ewvidences of past climatic change in the
humid tropics are not convincing and are discussed in Chapter §, but it
seems that the annual precipitation in the past was sufficient to promote
deep chemical weathering,

The availability of water for contemporary weathering will be

discussed in relationship to rainfall pattern and intensity in South
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Western Nigeria,
Rainfall

The rainfall of South Western Nigeria and other parts of Nigeria is
mainly determined by the interplay of twoair masses, thel' tropical continental
(Tc) air masses which are cold and dry with tenperat@ra less than
65°F, and the tropical maritime (Tm) air masses which are warm and moist,
with temperature higher than 65°F, but not lower than eo°? (Garnier 1958).
As i:oth air masses have different characterisiics. they are separated by the
Inter Tropical Front (I.T.F.) or the Inter Tropical Convergence Zone (I1,.T.C.Z.).
Thompson (1951) objected to the use of these terms in the tropics especially
Gatusei Tatthule 107 ~ 107N Gl PECEoURSES THAE O Ceih "EaiateEtEY N
Stream Boundaries™ be substituted. Beckinsale (1957) however, 1! of the
opinion that since the zone between the air masses advance and oscillate to
give much rain, there is nothing wrong with the use of the terms "1.T.F."
or "1.T.C.Z." These terms will be reteined for the purpose of this discussion.

The I.T.F. remains north of the equator all the year round lying
between latitudes SON. and GON. in January, moving to latitude 20°N. in
July. This northward and southward movements of this front is responsible
for most of the rainfall in Western Nigeria. Other factors responsible for
rainfall include the local heating of the ground which gives rise to
convectional thunderstorms and high hills and ridges causing orographic
effects. The rainfall has a double maxima with the highest rainfall in
June and July, a minor dry period in August and higher rainfall in September
and October (Appendix 1). Mean annual rainfall figures vary from 45ins. at
Egheda to 72ins. in Lagos (Fig. 8), while the length of the wet and dry
seasons vary from place to place (Appendix 2).

In places with short dry seasons of up to 2 months, especially in the
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forest, there is water surplus throughout the year, and geomorphic processes
like chemical weathering and leaching are continuous. In the savanna area
where the dry seasons vary between 5 - 7 months, geomorphic processes like
chemical weathering, leaching and erosion are pronounced in the wet seasons,
but inhibited in the dry seasons. Here, during the dry season, the upper
soil horizons dry out except around inselbergs and along river valleys
where gallery forest are often present, and where chemical weathering is
con. inuous.

More important than the total rainfall to the geomorphological processes,
are the rainfall pattern and rainfall intensity. There is a problem in
defining these due to the absence of reliable data for many stations. Harrison
Church (1957) observed that climatic statistics should be used with caution
in West Africa because of the ways in which they have been collected. Many
ingtruments are located in atypical sites, such as the grounds of agricultural
or medical departments, and most of the observers are untrained. Since
1938 the data collected can be used with greater confidence because it was
gathered under the supervision of the Metereological Department of Nigeria.
Data collected since 1952 by the Department of Geography, University of
Ibadan can be regarded as accurate (Hopkins 1965) and 2:Fﬁsed below to discuss
rainfall intenaity.

Rainfall Pattern - There are three types of rainfall; viz. precipitation
from the thunderstorms experienced around late March to early May, and from
October to November; the less violent frontal rain from about mid May to
early October; and the highly localised orographic rainfall. The convectional
thunderstorms are intense, and the volume is high; as they occur at the

beginning of the rainy season when stream levels are low, the rains cause the
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streams to rise sharply and to effect some linear erosion, but the stream
levels come down shortly, and the stream beds are often filled with
debris. Further, the intensity of insolation from February to early April
is high, and this is the time of bush burni#g 1n_t4¢ savanna, The squalls
of late March and early April leads to sudd#n chiliing of exposed rocks
and in this way may effect some physical di#integﬁation. Lichens covering
the bare rocks are removed and fresh surmé:e- .xpcoil\od. Exposed land
surfaces at the end of the dry season espoéially lnxtho savanna, are often
powdery and the sudden thunderstorms may cause widespread sheet ercsion with
streamg consequently choked with debris derived from such surfaces. In
heavy clay soils, large cracks open up during the dry season. The first
heavy rains penetrate down into the body of the soil making them unstable.

The frontal rains fall over a long period, and the total volume is
probably greater than the thunderstorms. As the rains continue from mid
May to early October, the rain water saturates the ground and effects leaching
and weathering both in the forested and in the savanna areas. Orographic
rains are localised on hill slopes especially near the stream sources and
such rains often cause the stream levels to rise rapidly. In the dry
geason, the top of high hills like the Ilele hill (1,657 ft. a.s.l.) is
misty and often covered by clouds.

Garnier (1953) analysed the pattern aml intensity of rainfall for Ibadan.
This is reviewed here tc illustrate the intensity of the thunderstorms. He
used the data collected in 1952 and noted that 1/3 of all the rains fell in
storms giving over 1ins., a further 1/3 fell in storms with precipitation
between 0.5 - 1,0 ins. In the first category, over 80% of the fall occured
in the firet 20% of the duration, and in case of falls less than 1ins, 50%

of the total fell in the first 20% of the time (Table 7).
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Table 7

Rates of Rainfall per hour (in ins.) at quarterly intervals

0-% -1 i-1 i1
fall over 1.0 ins. 2.07 1.61 0.78 0.36
fall 0.5 - 1.0 ins. 1.04 0.67 0.40 0.13

In 1952, a rate of 2.0 ins. per hour was exceeded five times. A

further observation was that thunderstorm rains arrived in showers with an

inicial rate of fall of 3 ins. per hour or more, This intensity lasts for

about 30 minutes after which it tails off into drizzle.

The data for the University of lbadan between 1957-1966 has been

analysed (Table 8) to show the mean monthly rainfall and the mean highest

precipitation for one day. The latter is also expressed as a percentage

of the total for each month in order to show the intensity of individual

storms, especially in the dry season between December to March. Appendix

3 shows the mean rainfall in oneé day for most of the towns in South

Western Nigeria.

Table 8

Rainfall Intensity based on % of 'most precipitation in ore day' to the

total amount of rainfall for the month

1957 - 1966 J F M A M J J A

a) Mean ins.0.19 1,20 3.55 5.45 6.38 7.70 7.50 5.586
monthly
rainfall mm.4.8 29,8 91.2 136.2 159.6 192.5 187.3 139.1

b) Mean of i 0.15 1,01 1,52 1.82 1.84 2,03 1,87 1.84
‘most pre-

cipitation mm 3.6 25.2 38.0 45.6 45.9 50.8 46.8 4¢.1
in one day!'

c) Mean No. | 2 7 11 12 16 18 15
of days when
rain fell 76.0 84.7 41.6 33.5 28.8 26.4 25,0 33.1

(b) expressed
as % of (a)

8 o] N D
6.30 5.82 1.81 0.44
165.2 145.5 45.2 11.0
1.73 1.10 0.58 0,30

43.2 27.6 14.4 7.6

15 15 6 1

28.0 19.0 32.0 69.1
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From tables 7 and 8, it can be concluded that there is usually a heawy
concentration of rainfall over a short period. The net effect of rainfall
intensity depends on several factors e.g. the infiltration rate and the
infiltration capacity of the soil, and the nature of the surface. Other
things being equal, heavy concentrations of rainfall in a short time lead
to rapid exhaustion of soil infiltration capacity and this in turn leads
to rapid runoffs and soil erosion., Horton (1943) emphasised this when he
observed that there ig a limit to the infiltration capacity of any type of
soil, and the greater the intensity of the rain, the quicker this ~apacity
is reached after which runoff starts and sheet erosion is effected. This
is certainly true for the savanna areas and for unprotected soil surfaces
where the rate of runoff after storms is high. It is not necessarily
applicable in the forest area as vegetation helps the infiltration capacity
of the soil and further breaks down the impact of the rain.drops. Here
the kinetic impact of the rain drops is broken by the vegetation and
the volume of wateris reduced by retention in the canopy. The leaf litter
layer under the forest is capable of abgorbing most of the rain water
which falls, and the underlying humus top soil is usually moist. Thus
runoff under the forest is mainly subsurface.

Akinola (1966) studies the intensity of rainfall at Ibadan and
established a direct relationship between the high intensity of the storms,
flood incidences and sheet erosion in the town. Beckinsale (1957) emphasised
the effects of tropical rains and wrote that "the physical effect of such
down pours need no embroidering. Flat areas are quite submerged and on
steep slopes where the soil cover always seems so thin, rain sodden lubricated
masses may slip downhill, trees and all®. The erosional effects of the

high rainfall intensity are felt mostly on unprotected soil surfaces.
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The impact of raindrops leadsto soil compaction and the pores in the layer
below the soil surface become clogged with finer soil fractions washed
down from the surface layer, Rapid drainage through the soil layer just
below the surface is retarded or stopped and this leads to rapid surface
runoff and erosion. It may also be a factor in the formation of iron-
pans in sandy soils. The breakdown of the crumb structure of the soil
by the impact of heavy rains also make the soil less resistant to erosion
and decrease its water holding capacity. This is responsible for large
scale soil erosion in Eastern Nigeria.
Temperature

Temperatures are constantly 4igh in South Western Nigeria with a
maximum exceeding 90°F. in February and March and a minimum of about
89°F in August due to the heavy cloud cover. The annual temperature
range is small, varying from 5°F in Lagos to 10°F in Oyo, but the diurnal
range is higher 15°F in Lagos and 25°F in Oyo. The mean maximum temperature
incrcases inland from the coast while the mean minimum decreases indand from
the coast (Appendix 4). The constantly high temperature promotes chemical
decompoasition.

Recordingsof soil temrerature uic availzstble for a few stations,
but there are several gaps in the data, and they cannot be considered
reliable. The data collected by the Geography Department of the University
of Ibadan is consistent for 1957-66 and Table 0 summarises the temperature
at depths of 2 ins., 4 ins., B8ins., and 12 ins. at 9 a.m. G.M.T.

This table shows that there is a temperature inversion in the top 8§ ins

of the soil, but more significantly after 4 ins., solil temperature increases

with depth to a consistent value at 1 feet. Rain water is warm, but it is

further heated in draining through t{he surface layers of the soil and its
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potentiality to effect chemical weathering is increased.

Table 9
Temperature for soil (in °F) 1957 ~ 1966
Depth J F M A M J J A S O N D

Monthly average:
for 2 ins 82.2 83.2 85.1 84,3 83,7 81.4 78.9 77.6 79.0 80.0 82.4 81.7
for 4 ing 79.8 82.3 84.2 82.2 81.8 80.3 78.1 76.8 78.6 79.5 80.0 82.0
for 8 ins 82.6 85.2 86.4 84.5 83.5 82.2 80.4 79.3 79.9 81.1 82.8 83.6

for 12 ins 85.2 86.8 87.9 85.6 84.8 83.2 81.4 80.0 80.7 82.0 83.7 84.6

Relative Humidity

Relative humidity is high all over Western Nigeria (Appendix 4). Even in
the dry geason, it reaches up to 80% in January and 75% in December. In the
rainy season it may be as high as 100%.:: - This high relative humidity, coupled
with the high temperature, leads to the uncomfortable dampness and stickineas
experienced in the humid tropics. In the rainy season, the relative humidity
is high, but Lhe temperature is relatively low, and this leads to low
evaporation, and a water surplus. It is this water surplus that decides the
amount and intensity of chemical weathering. Further, high temperature and
high relative humidity encourage oxidation of the soil organic contents.

Evapotranspiration

Evapotranspiration in South Western Nigeria is difficult to assess. Where
ﬁy are
data existy, i® punctuated by gaps. At Ibadan University, six different
types of tanks are used giving six different results for the same area w.th a

maximum difference of 54 mm. in a month. Garnier (1957) calculated the mean

annual water surplus to the mean annual water deficit in Nigeria and assessed
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the mean evapotrangpiration for South Western Nigeria at Qetween 48 ins and

60 ins, with the actual water surplus at between 8 ins an%_iq ins. The net

effect of the water balance, as it affects the water tnbleais'still difficult

to determine. Local water tables in weathered zones withir large rocks rise

quickly in the rainy season, but in case of the regional water table there is
I

a2 time lag before the surplus water infiltrates through th#_qverlying material;
\

and the more this water is retained by thc soil,the more iLt#ﬁse the weathering

LA

beccmes.
Vegetation

Vegetation affects the volumé of wateravallable for weathering and erosion,
and the micro climate, and the geomorphic processes within each vegetation zone
vary. Primarily the vegetation of South Western Nigeria is determined by the
mean annual rainfall, the severity of the dry season meagured by mean relative
humidity and the length of the rainless period. There are several factors
affecting the distribution of each vegetation Zone. For instance the rain
forest has been disturbed mainly by farming and grass fire, the combined effect
of which is the evolution of derived savanna. This phenomenon is so widespread
that the true vegetation climaxes can only be seen in forest Reserves (Fig. 6).
The boundaries between the different vegetation zones are not defined because
of intermingling of the communites of the adjacent zones.

The vegetation can be subdivided (based on Keay 1953) into 6 units (Fig. 6),
each will be discussed, and the geomorphic processes in the different types will
be examined briefly. The vegetation types are:-

Mangrove Forest and Coastal Vegetation

Fresh Water Swamp Forest

Lowland Rain Forest

Semi Deciduous Rain Forest
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Derived Savanna

Guipca Savanna

Mangrove forest and coastal vegetation are found along the coastline
and on the muddy banks of the river mouths where the water is brackish. The
vegetation is zoned; red mangroves extend to the limit of the diurnal tide and
is flooded daily; white manpgroves and sedges succeeds it inland; while the
third zone is composed of rhizophora whose stilt roots are prominent. The
fresh water swamp forest is found near fresh water lagoons, and is composed

mainly of raphia palm, and & few tree species like symphonia gabonensis which

may reach up to 100 ft. Grass grows up to 5 ft. at the outer edges of the forest.
In the mangrove areas, the tree roots trap silt and help alluviation. Further,
the trees produce litter with acidic chemical composition which under water
resistes decomposition, thus the alluvial deposition in the coastal area has a
large organic content, and the rate of chemical decomposition is slowed down
by the presence of too much water,

The lowland forest follows the swamp forest and covers a large part of
South Western Nigeria. The forest is composed of four tiers; the emergent
stratum in which the trees are up to 200 ft. high, with their canopies rarely
touching; the second stratum is sbout 50-120 ft, high, and the canopies form
a lateral continuum, Below is the third layer up to 50 ft, high, with spreading
canopies and short boles joined together by various types of climbers. Beneath
the third layer are the understorey and shrub layers. There are many tree species
often more than 70 species exist within an acre making the exploitation of the
commerc ial trees difficult. The forest floor is covered by leaf litter, and
as the rate of chemical decomposition is fast, the humus layer is thin. As
the length of the dry season is short in the forest area, less than 2 months;

chemical weathering and leaching are continuous and the upper soil horizons are
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acldic, Generally runoff under the forest is small due to the leaf litter
absorbing the water, but water trickling down the tree trunks often erode the
the bages of the trees to expose the lateral roots.

The semi deciducus rainforest occupies the transitional zone between the
forest and the savanna, and contehs several tree species shedding th.%r leaves
in the dry seasons. Here the dry seasons vary from 4-5 months loadiné!to
seasonality of processes. Leaching and chemical weathering are 1uporﬁhnt in the
rainy season, and in any year with abnormally high rainfall, erosion d*oonea
pronounced. The humus layer is thicker than in the forest Zone and the upper soil
horizons are less acidic as leaching is not continuous throughout the year. Where
the rforest is cleared, compaction of soil by raindrop impact leads to eluviation,
and Cunningham (1963) has shown that the soil surface can be lowered up to
1 in. in a period of three years.

The derived savanna is found mainly in Abeokuta and Oyo Provinces. In the

qrasces

Southern areas, the trees are higher and more frequent, with grase fewer, but to the
north, trees are fewer, stunted and gnarled, with tall grass dominant. Relict patches
of forest are seen around inselbergs and along stream valleys where water is
available all the year round (Plate 7). The Guinea savanna is found mainly to the
wast of Oyo province and it consists of open woodland and tall grass. The trees
are short and have fire resistant barks; they are gnarled and stunted. The grass

—
is tussocky (Plate. 8) and the commonest is 4he cylindrica imperata. As mentioned

earlier the length of the dry seasons in the savanna varies from 5-7 months, and
this means that chemical weathering and leaching operate mainly for half of the
year. Due to ‘he sparse vegetation cover, however, there are less obstacles to
rain drop impact, runoff is large, and erosion by surface wash is more pronounced
than in the forest area.

Generally in Bouth Western Nigeria, there is surplus water to effect the



Note the forest patch in

the valley at the middle of the plate.

Derived savanna near Oyo.

Plate 7.

ar Iseyin.

Plate 8. Guinea 1rannn ne
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geomorphic processes of weathering and erosion, the temperature is also

high enough for chemical weathering, but the intensity and duration of these
processes vary from one vegetation zone to the other. But it is hardly

possible to associate a particular landform with a particular type of

vegetation, Cotton (1947) associated inselbergs with the savanna area and
termed the complex *the savanna landform', In South Western Nigeria,

inselbergs occur both in the forest and in the savanna, hence the

designation of the savanna landform is unjustified. Major landform

differences appear more related to the local geology than to the

vegetational environments, but it must be emphasised that processes like 4 luwisl

erosion are more pronounced in the savanna than in the forest,
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APPENDIX 1

Mean Monthly Rainfall up to 1960 (in inches)

Stations No.,of J F M A M Jg J A 8 0 N D Yearly

years Total
Epe i8 0,8 1,1 3,5 4.4 8,3 12,310,7 2.8 f.i 6.9 2.7 0,8 61.8
Lagos 68 1,2 1,8 3,9 5,8 11,1 17,910,4 2,6 5.6 8,2 2.7 1,0 72,2
Badagri 15 1,0 2,0 4,2 4.8 11,5 14,8 7.6 1.8 4,0 7.9 2,3 0.8 62.7
Ikeja 17 1,0 1.7 8.7 4.2 8.1 11,9 6,8 2,3 6,9 7.2 2,6 1,3 8§7.7
Ilaro 10 0,9 1.6 8,3 4,7 8,0 8,9 4,1 1,9 6,3 6,7 2,3 0,8 851.8

Abeokuta 23 0,5 1,1 3.8 5.4 6,9 7,56,8 3,3 8.6 8.5 1.8 0.6 47,1

Ijebu Ode 32 0,7 1.4 3,3 6.1 8,0 10,2 9.5 4,2 8,1 9,0 3,1 0,6 63.2

Meko 10 0,7 1.4 3,2 8,3 6,9 7,5 3,1 2,8 8,8 7.2 2.1 0,7 46,1
Ibadan 60 0.4 O.,8 3.6 6,3 65,9 7.26,9 3.2 7.0 6,7 2,0 0,3 48,3
Ilora 11 o,4 0,9 3,6 5,5 B.8 6,4 3,6 3,2 7.9 6.8 1,9 0,6 46,3
Oyo 88 0.2 0,9 3.1 5,0 6.0 6,4 4,56 3.4 7.6 6.6 1,9 0,4 45.8
Egbeda 23 0.2 0.9 3.1 4,7 6.4 5,85,2 3.8 6.4 6.7 1.8 0,2 45.2
Iseyin t1 o,t 1.4 3,0 8.0 8,1 6,45, 2,7 8,0 7.6 2.0 0,2 47.0
Oshogbo 32 0.3 1,0 3.3 4,4 B.7 8,9 8.3 3.9 7.7 7.5 1.7 0.2 47.2
Iwo 22 0,3 1,1 3,4 4,1 5.4 5,8 4,4 3,6 5,86 6.3 1,6 0.5 41.9

01‘-31{8"31 38 0.5 1.1. ‘-5 5.8 605 7-2 5.9 308 8.! 0.8 1.9 0.4 48.5

Sourcei. Nigerian Meterological Department,
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Appendix 2

Mean No, of Rain Days (when rainfall 0.01") up to 1960

Stations No, of
years J P M A M J J A 8 O D Total
Lagos 68 4 4 -8 10 18 23 18 10 17 15 3 135
Badagri 18 3 3 8 7 11 15 8 3 & 11 2 83
Ikeja 17 2 4 8 8 15 19 14 10 118 16 3 128
Ilcro 10 1 3 7 8 12 14 9 6 12 13 1 91
Abeokuta 23 1 3 '8 8 12 14 11 9 14 15 1" 100
Ijebu Ode 32 1 3 8 7 12 15 14 10 16 14 2 107
Meko 10 1 3 -7 10 12 13 8 '6 12 13 1 90
llora 11 Tt 3 7T 9 12 14 11 ‘11 ‘16 16 1 106
Ibadan 80 T 3 -9 9 13 16 18 12 17 17 1 118
Oyo 38 o 2 '8 6 10 10 8 "9 ‘11 13 1 79
Egbeda 23 o 2 '8 7 8 g 7 "6 10 11 1 89
Iseyin 11 o 2 ‘6 7 9 9" 8 7 13 12 1 78
Oshogbo 32 o -2 -7 8 10 1t 11 10 13 13 2 22
Iwo 22 1 -3 -7 8 11 1211 '8 14 18 1 26
1T '8 11 13 1 2z

Olokemeji 38 1 2 -8 10 1t 12

Source:. Nigerian Meterological Department,
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Appendix 3,

Mean Rainfall in

one day up to 1960 (ins,)

Station No, of Greatest
years J F M A M J J A 8 o N D for the

year
Lagos 68 0,01 1,32 1,13 1,77 2,11 2,89 1;68 0,16 1,18 2,14 0,77 1,78 2,89
Badagri 15 0.27 1,02 2.44 0,34 1,64 2,72 0,97 0,11 0,66 1,11 0,68 1,08 2,72
Ikei & 17 0,00 1,23 2.32 1,20 1.45 1,13 0,64 0,68 1,33 2,10 0,88 1,25 2,32
Ilaro 10 0,10 0,80 2.54 0,64 1,75 2.77 1.50 0.08 1.88 1.12 0,60 1,33 2,77
Abeokuta 23 0.38 2,09 1,23 0,67 0,41 1.72 1,14 0,13 1,79 3,02 0,38 0.87 3,02
Ijebu Ode 32 0,00 1,84 1,32 2,85 1,76 3,5% 2.15 0,30 1,20 2,60 0,583 1,10 3,58
Meko 10 0.78 0.85 1.31 0,62 1,80 1,43 0,45 0,15 1.14 2.35 1.82 0,52 2.38
Ibaden 80 0,00 0,48 1.51 2,24 0,68 1.44 0,90 0,32 2,20 0,58 0,72 0,65 13,24
Oyo 55 0,00 1,30 0.61 2,11 1,24 1,23 2,18 0,33 0,71 2.63 1.31 1,96 2,11
Iseyin i1 0,00 0,40 1,38 1,47 1,70 1,05 2,18 0,29 1,18 2,71 2,70 0,64 2,71
Iwo 32 0.00 1.42 2.34 1.84 0,88 0,72 1,17 0.48 0,73 0,72 0,85 0.00 2,34
Olokemeji 38 0,00 0.75 t1.89 t,11 0,94 1,10 0,66 0,24 0.88 1,45 0,72 0,85 1,89
Sourcei. Nigerian Meterological Department
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Mean Monthly Maximum & Minimum Temperature (in °r) and Relative
Humidity (at 9 GM Tin %)

J F M
Max, 86.8 87,8 87,8
Min, 78,2 74,9 77.8
R.H.(%)82,5 80,2 78,4
Max, 88.6 91.8 01,4
Min, 70,6 73.8 73.6
RH.(%)87.5 88,4 83,7
Max, 90,2 94,0 93,2
Min, 67.8 72,8 73.2
RH.(%)70.,8 77.8 77.4
Max. 93,0 95.3 94,3
Min, 69,0 71,5 73.5
Ro“.(%}ﬁgoo 67;7 76.0
Max, 89,8 93,8 93,8
Min, 65.4 70,0 72,0
RH.(%)71.7 7.8 79.4
Sourcet.

A

87.4
77.6
79.8

0.0
73.8
81,8

0,0
72,2
79.6

90,2
71.8
82,6

88.2
71.0
82,6

J

83.4
74,6
85.8

83.8
71.0
89.4

85.0
70,8
84,2

87.0
71.0
81.0

85.6
70,2
85.4

82,4

88,0
73.0
88,0

83,8
70.6
86.0

81,2
73.6
83,8

82.4
71.8
88.4

81.4
70,0
87.2

83.0
69.8
86,0

81.4
69,4
88,6

Nigerian Meteorological Department,

83,6
74.4
82,2

85.2
71.0
86,6

86,2
76.8
84,8

88,8
7242
89.0

89.2
70,0
78.6

93.0
67,5
67.0

Year

84,98
72,22
82,64

86,83
72,12
87.00

87,84
70.94
80,84

90,60
70,76
76.83

87,78
69,87
82.28
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CHAPTER 4

- PHYSIOGRAPHY AND DRAINAGE

The most striking aspect of the physical geography of South Western
Nigeria is the topographic contrast between the sedimentary area and the
crystalline basement area. The sedimentary series form a cuesta relief
pattern which suggests a uniclinal structure, while the crystalline area
is hummocky.

The coastal area comprises a complex of lagoons, creeks and alluvial
flats, Inland, the land rises gently for about 40 miles, reaching an
altitude of about 450 feet A,S.L. at the Eocene escarpment north of Ilaro,
aithough east of this point it is lower at 250.300 feet A.S,L. To the
north, the escarpment is succeded by a depression a few miles wide. Beyond
this, the dip slope of the Cretaceous escarpment rises inland for about
30.50 miles, reaching an altitude of about B850 feet A.S.L, at the scarp top
north east of Meko., The height of the scarp is lower near Imala, 600 feet
A.S.L., and near Abeokuta, 500 feet A.S.L.

The slope of the Cretaceous scarp is well marked west of the Ogun river,
but indistinct to the east of the river. The formation of the cuesta
landscape is the result of three factors, First, the sandstones are widely
covered by a resistant cap of laterite, hence erosion is slow, Where the
crust has been breached, erosion has been accelerated, Second, the sandstones
are generally covered by thick forest; where deforestation has occured, soil
erosion and gullying may be spectacular as at Shasha Training Camp near
I1j :bu Ode, Third, the sandstones are coarse and permeable, and these
textural properties make them resistant to soil erosion. The dip slopes
of the Eocene and Cretaceous escarpments have been dissected by consequenty

streams,

2 See Glossary



.46
The crystalline area just north of the Cretaceous escarpment is at a
lower level, The landscape is generalj well dissected with moderate relief,
but it may be extremely rugged where the granites and migmatites form
complexes of high domes., Quartzitic ridges are common, and can be traced for
several miles, The land rises generally in a S.N direction, but more
specifically in a SSW.NNE direction,

Physiographic Regions

Three main physiographic regions were recognised by Pugh (1958).

The Coastal Creeks and Lagoons

The dissected margin . which consists of the transition zone
between the crystalline rocks and the
sedimentary rocks to the sea.

The Western Plains and Ranges . which includes a variety of
landscapestypes grouped together by
virtue of their development on
crystalline rocks.

This attempt at classification is commendable, bearing in mind the
extremely crude, small scale maps which were available, but unfortunately
the criteria on which the classification is based are not stated,

Physiographic classification aims at grouping the landscapes according
to their surface configuration, By itself, a classification system is
inherently subjective, and lends itself to generalisation. While some
approximation may be permitted, 2 measure of quantification has to be
introduced, Several authcrs have approached this problem using some
elements of objectivity. Hammond (1954) employed three parameters; the
local relief, the general slopes and the profiles, Thrower (1960) used a

combination of the relative relief map (choropleth map) and slope analysis
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to produce the physiographic classification of Cyprus,

The physiographic classification of South Western Nigeria in this study
is based on a combination of the followingt

1) an inspection of the generalised contour mapj;

ii) the relative relief mapj;
iii) the degree of dissection in the different sections;

iv) the roughness Index;

v) the value of the maximum valley slopes}

vi) Projected Profiles.

The generalised contour map of the area is synthetised from the
1:50,000 sheets into a 1:250,000 map. This gives a clear indication of the
level areas, and allows delimitation of the undulating and flat areas, It is
however, of limited value otherwise, as the contour crenulations showing
marked dissection have been smoothed off (Fig. 7).

The relative relief map is based on one.mile.grid lines and the
choropleth method has been used rather than the isopleth method (Fig. 8).
This has the advantage that no interpolation is necessary, while the pattern
of occurence of the different height can be visually inspected and grouped
together on an areal bases, and if necessary analysed,

Of the several methods proposed for calculating the degree of dissection
perhaps the most fascinating is by Dury (1952). Dury sees the degree of
dissection essentially as "“the mean available relief" i.,e. the volume of land
available for erosion in an area, He proposes that this volume can be
calculated from the areas of the actual surface and the "stream.line surface"
obtained by planimeter. The latter surface is that which passes through the
bottoms of main valleys and is obtainable by drawing generalised contours,

The difference between these surfaces will be the available relief or the
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the dissection index. This method may be approximate for a small area, but
it is inappropriate in a large area.

A simpler method, which can be easily adopted by other users is
proposed as follows, A transparent overlay is placed on the map of the area
whose degree of dissection is to be assessed. The contour lines delimiting
the upper break of valley slopes are traced on the overlay, care being taken
not to include valley floors and slopes, but to include the flatter upper
parts of the spurs, (Figs, 9 and 10). Slopes more than 2° on spur ends are
regarded as valley slopes, The areas of valley floors and slopes are
calculated, the interfluve areas are also calculated, and expressed as
percentages of the whole area, The greater the value for valley floors and
slopes, the more dissected the area; e.g. where values stand at 25% for
valley floors and slopes, and 75% for interfluves, the dissection can be
regarded as youthtul?: Where values stand at 50% for both valley floors
and slopes, and interfluvea, the dissection can be regarded as at early
nnturity? and where values stand at about 75% for valley floors and slopes,
and 25% for interfluves, the dissection can be regarded as at advanced
maturity? This method is subjective, but the more care taken in delimiting
the interfluves and the valley slopes, the more accurate the result, Further,
it will not give the depth of dissection, but it is useful when used in
conjunction with the relative relief map.

The Roughness Index can be defined in terms of the density of comtour
lines, being high in areas of dissection and low in plateaux and plains, It

has been calculated using the method proposed by Hook (1958) who gave the

formula:
RI=(NxM)/4 %. 10
A .
N = Total number of contour intersections with grid lines in all 4 directic
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=
i

Distance in miles between the grid lines

A

{1

Land area of map in square miles

10 = a constant,

The distance between the grid lines used is one mile.

The maximum slopes of the different topographic regions have been
calculated using Strahler's (1956) method, Calculation was done mainly
for the sedimentary areas where contour spacing is more uniform, and, for
each region, more than twenty samples.‘ere used. The data collected by
F.A,0. (1962) have been used for the crystalline area, but as the number of
samples 1s unknown, the means and standard deviations have not been
calculated. The average slopes for the sedimentary area were calculated
using Wentworth's (1930) method,

Av, slope = Average no of contour crossing per mile X Contour Interval

3361 (a constant)

The combination of all these various parameters give the following
physiographic regions in South Western Nigeria, It should be noted that
in some cases the boundaries are extremely difficult to establish, and, of
necessity some overlapping and approximation has occured (Fig. 11). The
regions are

i. Coastal Creeks and Lagoons

ii, Coastal Plains

iii, Alluvial Flats
iv, Dissected Southern Upland
v. Ewekoro Depression
vi, Southern Meko Plain
vii, Northern Upland (a) Area of Deep Incision
(b) Area of mature dissection

(c) Dissected Margin,
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viii, Dissected Terrain (a) with low ridges and hills
(b) with high ridges and hillsg
ix. Gently undulating terrain with occasional hills

X. Hilly Terrain
An analysis of the local relief (Fig, 12), stage of dissection and Roughness

Index of each unit are given in Tables 10 to 12,

Table 10 Analysis of Relative Relief
Physiographic 0.50' 51~ 10i. 161~ 20i. 251. 301. 351. 401. 451 801 551
Units 100" 160' 200' 250 300" 350' 400% 450" 500" 550¢ 6007 °°°"
Number % % % % % % % % % % % % %
i. 100 - = - e - al e - z - - =
11, 69.3 26,0 5.7 - - - - - -
114, 100 » A ®  u - - - - - - - -
iv. 14,8 40,1 30.6 11.8 2.5 0.2 o . i ® & %
Ve 92.5 6.0 1.2 - - - - - - - -
vi, 82,0 18,0 - - - - - - - - - -
viia, 25.0 25,3 24.1 16.8 7.5 1.0 0.3 - " .. T
b. 15,3 36,2 31,0 15.0 2.0 0.5 - - . s &~ & &
c. 0.7 10.0 21,0 33.8 21.5 13.0 . - - w e ow
viiia, 14,0 61,6 22,4 6.2 2.8 1,1 0.7 04 0.3 0.2 01 - 0.
b, 11,6 28,0 13,6 13,7 9.9 8,3 5,7 2.4 3.1 0.6 2.0 . 3.0
ix, 33,3 47,8 13,3 3.0 1,4 0.4 0.6 0.3 0.3 = - - =

X - 7.7 9,2 10.8 7.7 14,0 8.5 6.4 8,5 6.4 6,4 4,610,2
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Table 11 Stage of Dissection
Physiographic Unita | Percentage of area in centage of area tage of Dissection
No, valley floors & slopes Interfluves
' _— ¥ o 1
1. - - Undissected
i1, 11,1 88,9 rurly Youth
1. - - Undisgected
iv, 49,9 8Q.1 Early maturity
Ve - - Undissected
vi, 2,0 91.0 Early Youth
viia 40,8 59.5 Late Youth
b 62,2 37.8 ! Middle maturity
¢ 88,0 18.0 Advanced "
viiia 71.5 28,8 Advanced "
b 71,0 29.0 Advanced "
ix, 70,8 29.2 Advanced "
X 88,6 i1.4 Advanced "
Table 12 Roughnelu Index and Maximum Valley Slope
Physiographic Unit Maximum valley Standard
No, R.I. Slope range Mean Deviation
i, - - - s
i1, 13 2,8° . 5.0° a.8° 0.4°
114, - - " - -
iv, a3 3.6° . 9.8° 6.5 0.7°
Ve - - - -
vi, 11 1.0 . 3,0 1.3 0.8
viia 27 12.5° .30,0° 18.5° 2.1°
b 3s 8.0° . 7.8° 6.1° 0.38°
¢ 61 7.8° .18.0° 12.5° 1.85°
viiia 46 4.0° . 8.0° ” &
b 41 8.0° .10,0° » ”
1x, 26 1.0° . 3.0° - -

[+)
[+

X, 71 10,0 .30,0 - -
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Coastal Sands, Creeks and Lagoons

This unit covers a large area varying in width from about 15 miles in
the east to about 6 miles along the border of Dahomey., It includes the
lagoons, the outer sand ridges and beaches, the inner, older sand ridges
and the esturine muddy depotitioﬁ of rivers Yewa, Ogun and Ibu (Fig. 11),
The area is generally less than 40 feet above sea level inland, and less
than 20 feet above sea level on the outer beaches, The complex has been
built up by marine and river deposition since the Pleistocene., The younger
outer ridges ar2 parallel with the present coastline and the recurved spits
are still visible along the Badagri Lagoon. In between these ridges are
shallow mud filled and marshy depressions, The Badagri and Porto Novo
Lagoons occupy a depression between the outer ridges and the inner older
sand ridges, The inner ;and ridges are also parallel with the lagoons. The
formation of these ridges and sand complexes have been discussed by Pugh
(1953, 1954a, 1954b) and Webb (1958). The river esturies appear to be
drowned, but the depth of drowning involved has not been calculated, It
is however, clearly evidenced by the lack of deltaic deposits at the
sheltered mouths of the Yewa, Ogun and Oshun rivers, and also by the lower
drowned valley of the Yewa river which gives a northward continuation of the
Badagri lagopn.

The coastline is at present undergoing erosion 'ir:n?:?o‘ggs.g'o;au‘dritting

coming from the west and this is responsible for the constant sijting of the
entrance to Lagos harbour. This erosional problem is discussed by Webb
(1958)

Coastal Plain

The coastal plain covers the whole of Lagos State, and the southern

parts of Abeckuta and ljebu Provinces, It extends from the Dahomey border
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in the west to the Oshun river in the east (Fig. 11). The southern

boundary of the plain can be approximately delimited by the 56 feet contour
line, but the northern boundary is less easily defined as the plain merges
imperceptibly into the Southern Upland, and, east of Shagamu, into the
Northern Upland, To the west of the Ogun river, the northern boundary
appears to coincide with the Idiroko.Otta road, while to the east of this
river, it apﬁrouinate- with the heads of the Owa river tributaries where
the plain merges with the Ewekoro depression,

The plain is formed on the deeply weathered coastal sands, It has
an average slope of 20 from its northern boundary to the coast, West of
the Ogun river (Fig. 13) the plain is monotonously flat, relieved only by
the wide, shallow valleys of the Owo tributaries and the steep bluffs
bounding the Yewa valley., East of the Ogun river, the plain is dissected
by the tributaries of the Ibu, Berre, and Owa rivers, but the depth of
dissection is 3:::::&?1311 than 80 feet, although it may reach up to
150 feet at the heads of the tributaries. Valley slopes are not steep, and
except for valley heads where maximum valley slopes are up to 50, average
about 30.

Alluvial Flats

These flats occur mainly along the Yewa, Ogun, lbu and Oshun rivers.
Along the Ogﬁn river, the flat varies in width from 10 miles north of Lagos
to 0.5 miles south of Abeockuta, and it extends about 35 miles inland from the
coast (Fig. 11)., The broad valley floor of the Yewa river is about 1,5
miles wide throughout its 40 miles extension inland from the coast. The
alluvial flat along the Ibu river varies from about a mile in width inland for
about thirty miles, to 0.5 miles near Ckun Owa, while the one along the

Oshun river is smaller and extends inland for only about twelve miles,
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Everywhere, these flats are bounded by steep bluffs. They are
marshy and swampy, and old cut offs are visible on them, The composition
of the alluvium has been examined in Table 6 (chapter 2). The alluvial
flats along iha Yewa, Ogun and lIbu rivers merge imperceptibly with the
Ewekoro depression, The flats nowhere rise more than 75 feet A.8.L.

Dissected Southern Upland

This unit is called an upland not because of its altitude, but because
it is a cuesta landform rising above the coaﬁtal plain to the south, and the
Ewekoro depressiocn to the north, It extends from the Dahomey border in the
west to the bank of the Ibu river in the east where it fades out, The
northern limit is marked by a double éscarpment in the vicinity of the Yewa
. river south west of Ilarc (Fig, 11). North of Ilaro, and to the east, it is
marked by a sharply defined scarp which. near the Ogun river, is superseded
by the steep bluffs overlooking the river. The scarp is 150.200 feet above
the Ewekoro depression.

The Southern upland rises from sbout 150 feet A,.S.L, near Otta to
470 feet A.S.L. north)f of Ilaro, but east of the Ogun river, it is nowhere
more than 356 feet A,8.L. North and east of llarc, the upland is 1€f¥irn of
summit plateau, but outside this area, it slopes at an angle of 2° to the
south, It is dissected by south flowing consequent streams especially by the
head streams of Berre, Owo and Ore, and by tributaries of the Yewa and Ogun,
The degree of dissection, valley forms and depth depend on two factors} (a)
the presence or absence of ferruginised material on the surface, (b)
rejuvenation along the stream courses, East of the Ogun river where the
upland surface is uncovered by ferruginised materials, and where the streams
e.g. Berre, are rejuvenating, there is a deep dissection. Valley slopes are

steep about 7° . 8°, and deep 100 . 150 feet. To the north and northeast of
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Ilaro, the valleys within the summit plateau are shallow and flat bottomed,
The area in the triangle formed between the towns of Ilaro, Ifo and Otta is
well dissected because here the tributaries of the Ore, Iju, Atuwara and
Ogun are being rejuyenated. The valleys of these gsireams are steep and
deep, with maximum valley slopes between 5  and 7°, and valley depths of
the range 100.150 feet, The projected profiles of this area gives an
impression of wide interfluves alternating with broad, flat bottomed valleys
(Fig. 13).

Ewekoro Depression

This depression occurs north of the Southern Upland., It has been traced
into Dahomey by Pugh (1956) who called it the Lama.Hollils depression. He
also extended it in tc the Mid Western State, but in reality it seems to
fade out south east of Shagamu where it merges with the alluvial flat
of the Yemoji river (Fig. 11). The depression varies in width from about
18 miles near the Dahomey border to about a mile south of Shagemu (Fig. 13).
It occurs on the Ewekoro formation with an inlier on the Eocene Sandatone
south of llaro,

The Ewekoro depression varies in height from 150 feet A.S.L. near the
Dahomey border to 30 feet A.S,L. near Aiyepe, and thus slopes in a NW.SE
directién. In most places, it is swampy. The formation of the depression
has been ascribed to erosion by subsequent streams (Pugh 1865), although
Moss (1961) took the view that it was formed by marine ercsion. Both opinions
are questionable. The only large permanent stream within the depressciou is
the Ewekoro which occupies a swampy, undefined channel, and appears
incapable of any serious erosion., A more acceptable explanation i that
of Hockey and Jones (1964) who believe it to be a structural dapre=sion, thus

the rise of the Eocene escarpment above it is due to faulting, Plate 9



Plate 9., The Ewekoro depression can be seen at the middle
of the plate, at the background is the Northern
Upland,

Plate 10, Potholing on granite along the Ofiki river
near Tapa,
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shows the depression as viewed from the Eocene escarpment north of llaro.

Southern Meko Plain

This plain which is part of the dip slope of the Cretaceous
escarpment, covers about 40 square miles SSW of Meko and west of the Yewa
river (Fig. 11). It slopes from about 500 feet A.S.L. in the north to
about 150 feet A.,S.L. at the northern limit of Ewekoro depressaion, The
land rises at about 40 feet per mile from the south northwards, and the
average slope of the whole plain is less than 10. The topography is
flat and featureless (Fig. 13) only relieved in the southern part by broad
shallow valleys with slopes less than 3°. The surface of the plain is
covered by abundant lateritic debris derived from the higher upland around
Meko,

Northern Upland (&) Area of Deep Incision

This is often referred to as the Meko Plateau (F.A.O, 1962),
but it exists very widely in other areas (Fig. 11), Again, this unit is
called an upland because it is in form of a cuesta landform rising above
the Ewekoro depression to the South, and the crystalline landform to the
north, It falls into two partsj; the area around Mekoj} and the area
extending east of the Ogun river south of Abeokuta to the Oshun river., The
area of the former is about 200 sq, miles, while the latter covers about
400 8q, miles., The height increases from about 200 feet near the Ewekoro
depression to a summit altitude of 835 feet north east of Meko, The general
altitude however, is 500.750 feet A.S.L. around Meko, and 250.600 feet east
of the Ogun river. The upland slopes in a N.S direction, and also in a
NNW..SSE direction especially around Meko.

The northern limit is marked by a distinct scarp 150.200 feet above

the crystalline area, but this feature ia absent east of the Ogun river, and
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reappears north of Ijebu Ode., The surface of the upland is covered by a
thick carapace of laterite which is widely exposed at the steep scarp faces
and at various localities on the upland. Deep incision by the headstreams
of Yewa, especially the Igbo ori, Oyo and Irori often reach the underlying
basement rocks. The steep side valleys are 150.200 feet deep, with maximum
valley slopes exceeding 200 around Meko, In some places, the headstreams

of the Yewa river have cut northwards to reach the basement complex area,
South of Abeokuta and around Ijebu Ode, the valleys are also steep and deep
with marked "V" profiles. The projected profiles of this physiographic unit
gives an impression of wide interfluves alternating with deep, flat bottomed
valleys (Fig. 13).

(b) Area of Mature Dissection

This area lies between the river Ogun and the incised section of the
upland (Fig. 11) and covers about 300 square miles. It is part of the dip
slope of the Cretaceous escarpment, but it is, widely dissected by the
tributaries of the Ogun and Yewa, and presents a typical '"ridge and valley"
topography, though the "ridgcs" are flat topped (Fig. 13). In some parts,
especially south of Aiyetoro, small, flat topped interfluves, capped by
laterite may be seen, but where the laterite has been recovered, the inter.
fluves are narrow, The land slopes in a N.S direction, varying in altitude
from about 600 feet A,S,L, in the north to about 20C feet in the south. The
valleys are well opened and deep. Maximum valley slopes are about 7o and
valley depths vary from 50-200 feet, In some localities, noticably near

lkereku and Ishaga, the underlying basement rocks are revealed in the valley

bottomas, Towards the heads of the rivers, the valleys become shallow and flat

bottomed,

(c) Dissected Margin

This area covers about 100 sg, miles extending from Abeockuta to north

east of Ijebu Ode at the boundary between the crystalline and the sedimentary
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rocks (Fig. 11). It occurs where the tributaries of the Ogun and the 1bu
are cutting into the Gretaceous sandstone, The landscape 1is characterised
by steep sided, tabular hills, often capped by laterite, with little
vegetation cover, although the slopes are heavily forested, The hills often
occur in close proximity to the crystalline domes as seen at Abeokuta.
Valleys are steep and deep, with maximum valley slopes around 150 and
valley depth about 150.250 feet. The projected profiles of this area gives
an impression of series of hills alternating with deep valleys (Fig. 14).
In several localities, the rivers have cut through the &retaceous sandstone
into the basement complex rocks below, and the unconformity is seen where
the basement rock outcrops beneath the sandstone.

Dissected Terrain (a) With Low Ridges and Hills

This unit covers the largest part of South Western Nigeria (Fig. 11) and
extends through parts of Abeokuta, lbadan and Oyo provinces, The land rises
northwards from about 250 feet A.S.L. at the foot of the cretaceous
escarpment to about 1100 feet A.S.L. This area, described as "steeply
rolling" by F.A.0, (1962) is dissected by several rivers especially by the
Ogun, Ibu, Oshun and their tributaries, The landscape is monotonously
uniférn. with the valleys being either "bowl" shaped or "saucer" shaped except
where rejuvenation heads are incised into them., Maximum valley slopes
vary from about 30_ '?o near Igho ora to 8° - Bo near lIbadan, but are
steeper where quartzitic ridges occur near the rivers, The depth of the
valleys from the small and rounded interfluves to the stream lines is about
100 - 150 feet.

The monotony of the steeply rolling topography is relieved by several
quartfzitic ridges found mainly around Ibadan (Fig. 14). These ridges are

low, rising 150 . 350 feet above the local surfaces. They are also elongated
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and can be traced for several miles, although in some cases they have been
reduced to chains of hills as a result of erosion; e,.,g. the Podo ridge
south of Ibadan, The ridges are steep sided and the morphometry of some of
them is shown in Table 13.

Table 13, Morphometry of some ridges around Ibadan

Ridge Mean Slope Standard deviation } height in feet
of slope above local
; . surface
Olokemeji I 23° 4,1° 317
Olokemeji II 19.6° 3,8° 150
Ijaiye 22.9° 4.3° 350
Aremo 12.2° 2.3° 233
Ridge S.W. of lbadan 14,9° 4,2° 340

The terrain is a reflection of differential weathering and erosion of
the various rocks underlying the area, principally, schists, migmatites and
quartzites, Schists and migmatites because of their weaker structure and
lithology (see Chapter 2) are subject to relatively faster chemical
wenthering than the homogenous and resistant quartzites., Subsequent erosion
thus leaves the latter as upstanding ridges, while the areas occupied by
schists and gneisses become dissected,

Dissected Terrain (b) With High Ridges and Hills

This landscape type is found around Iseyin and north of Iwo in areas
also underlain by quartzites and schista, The valleys are deeper and steeper
than for the previous unit, however, with slopes up to 8° . 10° and depths
between 100.250 feet, High ridges occur, especially north of Iwo where the
quartzitic ridges are often more than 700 feet above the surrounding area,
Oba Hills stand at 2,010 feet A,S8.L.. Around Iseyin, the ridges are lower,

The landscape shows a distinct "valley and ridge" topography (Fig. i4)-. Agsain,



PROJECTED PROFILES

o 1 H 3 4 8 [ 7 R (] 0 ] 2 [ i i s 17 B 0w £ ]

PISSECTE D MARGIN OF NORTHERN UPLAND

T i 3 4 + 8 s v W 3 & % e e N
DISSECTED TERRAIN WITH LOW RIDGES AND HILLS
|

]
4 -1 .3 7 ] “ 5 B MILES

3 5 © n 12 [
DISSECTED TERRAIN WITH HIGH RIDGES AND HILLS

¥ E 165

7 ¥ & L. PO
HILLY TERRAIN

FiG. 14




60
this terrain is a result of differential weathering and erosion,

Gently Undulating Terrain with occasional Hills

This "gently rolling" landscape (F,A.0, 1962) is found west and south of
Ijio where it extends to the Dahomey border, and alsoc around Oyo and lwo
(Fig. 11), West of ljio, it is about 500 . 750 feet A.S.L., but around Oyo
it is about 1,000 .. 1,200 feet A.S,L,, while it is lower around Iwo, The
landscape could be termed a plain as a large part of the terrain is uniform
with broad, shallow valleys alternating with gently rounded marrow interfluves
(Fig. 14), Valley depths are usually less than 100 feet, and maximum valley
slopes hardly exceed 3°. The terrain is developed or schists and migmatites,
both of which permit deep chemical weathering. Where rock structures and
lithology are favourable, inselbergs are formed protruding above the surface
to relieve the monotony of the plain,

Hilly Terrain

This category covers about 120 square miles in the aggregate, and occurs
west of Igbo ora, in the Lalate . Eruwa and Ijio.lwere areas, and around
Isemi (Fig. 11). The topography is rugged (Fig. 14) and characterised
mainly by large and high domes, Stream valleys between these domes are
oftan narrow, but occasionally could be broad and flat.bottomed, Most of the
terrain is in slopes, Granites and syenites, which were intruded into the

relatively weaker surrounding migmatites and schists provide the foundation

for this unit,

Drainage

South Western Nigeria is drained by four major rivers the Yewa, Ogun, Ibu
and Oshun together with their tributaries (Fig. 15). The rivers flow
southwards but smaller streams on thc sandstone have a slightly different

orientation, The major tributaries of the Yewa flow in a NNE.SSW direction,
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while the Oha/Oyan flow in a NW . SE direction near the Cretaceous escarpment,
Minor rivers east of Abeokuta flow in a NNW . SSE direction near the
Cretaceous sandstone,

The main watershed between the rivers of South Western Nigeria and
those flowing to the Niger lies north of Shaki which is outside the region
of the thesis, the other divides are shown in Fig. 15. The divides between
the rivers are often not well defined. For instance the divide between the
Ogun and the Yewa runs N . S on the crystalline basement through a gently
undulating area, and it is only north of Meko that it is clearly
distinguished by the Cretaceous scarp. The divide between the Oshun and the
Ogun is defined to the north east by a series of low ridges especially
northeast of Oyo, but southwards it becomes 1ndistincti The Cretaceous
and Ecocene scarps: form minor divides between the consequent streams
flowing to the coast and the tributaries of the larger rivers flowing north.
wards,

Except for the Northern Upland, the Coastal Plain and the Ewekoro
depression where streams are few and far apart, the study area is well
drained. Drainage density varieas from place to place, and the drainage
density of some areas are shown in table 14, ©on the next page.

Various drainage patterns can be recognised where the rocks have been
deeply weathered, both on the crystalline and scdimentary areas, dendritic
drainage unrelated to rock lithology has developed, ﬁtreaua are relatively
closer to one another on the crystalline basement where stream frequency is
between 2 .. 3, than on the sedimentary series where stream frequency is 0.5 -
1.2, In some localities, especially on the crystalline rocks, the dendritic

pattern has been modified, This occurs where the rock structure is well

marked especially where the streams cut across the quart#zitic ridges. The
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Table 14 Drainage Density on some topographic Units

Topoggaphic Units Drainage Density
Coastal Plain (West of Lagos) 0,67
Coastal Plain (North of Badagri) 0.32
Southern Upland (South of llaro) 1,02
.Ewekoro Depression (Ewekoro.lbese) 0.56
Northern Upland (around Meko) 0,718
Northern Upland (around Ijebu Ode) 0,78
Dissected Terrain (North of Abeokuta) 1,9
Dissected Terrain (around Ibadan) 1,583
Gently Undulating Terrain (around Oyo) 1.85
Hilly Terrain (Tapa.ldere) 2.09

Ogun river cuts through a series of joints in the quartzite at Olckemeji
and here the river is strongly rectilinear, The Ogunpa also cuts through
quartizitic joints within Ibadan township and south of Ibadan across the
Podo ridge, and the stream is rectilinear in both places.

Radial drainage patterns are locally developed in granitic areas,
especially around ljio, and at Eruwa.lalate, The Ewekoro stresm is
trellised, flowing in a structural depression. Some of the coastal rivers
@,g8. river Orec show well developed rectilinear patterns, Near the Cretaceous
escarpment, the tributaries of the Ibu have been superimposed through the
sandstone into the crystalline basement but these streams are dendritic,

Instances of river capturea in South Western Nigeria were mentioned
by Wilson (1922) and Pugh (1955), The Ogunpa stream cut through the Aremo

at Olekemefi
ridge along a joint and captured the Gege stream, The Ogun rivarhiu

captured by its own tributaries, the Otere and the Afonrin cutting through



63

Joints in the Olokemeji Quartizitic ridge (Jeje; in press)., As a result of

l
these captures, Wilson concluded that the rivers of South Western Nigeria are

8till recent and not properly adjusted to rock atructrre. Pugh (1958) on the

other hand concluded that the drainage system is old,ihaving survived several
cycles of erosion, and that these captures are nodiriqations of the river
patterns, |

A striking feature of the drainage of South ﬁasté;n Nigeria is that
nearly all the valleys, in both the sedimentary and the crystalline areas
are very broad, except where rejuvenation is locally takirg place. In such
places the "V" of the rejuvenated valleys are incised into the older broad
valley bottoms. In the dry season when the rivers naive iittle or no water,
the valleys are completely out of proportion with their present day sireams}
even in the wet season; the valley bottoms are never completely filled by the
streams, It appears from these valley croes profile characteristics that
there might have been periods of heavier precipitation in the past which
gave rise to these large valleys,

Stream Regime

The pattern of stream flow does not always correspond with the rainfall
pattern, In the small streams draining relatively small areas; the double
rainfall maxima is always reflected in the stream regime, The streams have
double height maxima in July and October a&s shown by the Ona river in Table
18+ The larger streame show only a single height maximum in September, Data
on stream flow in South Western Nigeria fggsparse and in several cases |
inaccurate, Table 15 is based on data collected from three stations by a
hydrologist of the Water Corporation of the Western State using a Staff

gauge,
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Table 18 River Regime
e TR A

River Ogun (Olokemeji 1968) Catchment area 3,040 sq. miles

J F M A J J A 8 0 N D

|
M

Hﬁight in ] i/ '
feet 8.9 5.3 8,1 5.5 ' 7.2 9.9 13.2 16,2 16,6 13.8 10,6 7.3

Cusecs 249.7 163,0 142,0 163,0 8554,1 2022,0 5496,09152,0 9602.7 6803,22707.0 583.7

River Ofa (Iwo 1968) Catchment area 860 sq. miles

J F M A M J J A S 0O N D

Height in
feet 2.2 2.0 1.9 2.4 3.8 6,9 11,0 12.9 16.4 9.7 5.9 2,9

Cusec$ 139.23 311 28.3 63.6 237.0 1282.3 6633.07958,412733,3 3486.0 938.5 89.1

River Ona (Fidiwo 1967) Catchment area 680 sq, miles

J F M A M J J A S ) N D

Height in
feet 1,17 1,07 1,09 1.22 1.47 1.61 2,23 1,42 2.24 2,93 2,07 1,35

Cusees 22,01 14.04 16.76 24.55 41.00 51.30 112,30 32.37 125.1 206.2 103.7 32.34

In the wet season, the streams are filled with water, linear erosion may
be locally powerful wvhere rock outcrops abound, and it is usually accomplished
by potholing (Plate 10), The smaller tributarics may he.dnumed back ?or a few
days as seen north of Abeckuta where a small tributary formed a small lake for
three days, This damming back occurs where the speed or height of the main
river is greater than that of the tributary., In the dry season, the small
streams are completely dry and the large streams are reduced to low levels
flowing in parts of the channels and meandering between sandy depositions; in

some cases, the large rivers are reduced to chains of pools,
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Generally the rivers are not important erosional agents because of their
seasonality of flow, and because most of them lack the coarse rock fragments
necessary for linear erosion as chemical weathering is thorough and often
deep. Most of the erosion nppoarll;;to be carried out by unconcentrated
surface flow and rills. These }guqiorphm processes will be the topic of the

next chapter,
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CHAPTER B
GECMORPHOLOG ICAL PROCESSES,

In the literature on landform develcpment in tropical Africa, the
Davisian peneplanation system of uplift and erosional downwearing leading to
the evolution of nearly flat plains is being rejected. This rejection appears
Justifiable becuase this theory is inadequate to explain the complex system of
landforms and landsurfaces present in the humid tropics. In this chapter,
some theories of landform development will be examined, and the geomorphological
processes in South Western Nigeria, especially the weathering processes, the
pattern of weathering, base level changes and important erosional processes,
will be discussed.

Several authors have attempted to explain the landforms of the tropics
as a product of pediplanation, Pugh (1955,1966) took this view and explained
the processes associated with pediplanation., First, the terrain is worn away
laterslly by parallel retreat of slope at a constant angle, even on bare
homogeneous rocks, Second, new surfaces are developed from mature or old
surfaces following uplift, and seperated from them by scarps or zones of
dissection, The drainage on the clder surfaces will be more mature ln& better
integrated than the drainage on the younger surfaces, Third, residusl hills
of the same rock as the surrounding plains will swrvive on the younger
surfaces, The result of pediplanation will therefore be the production of
step.like patterns of landforms,

Ruhe (1886) recognised pediplanation as the most important process in the
production of the six, stepped, terracelike surfaces he described in the High
Ituri in the Belgian Congo. These surfaces were produced by repeated
rejuvenations and parallel slope retreat of valley sides under the influence

of rills, sheet wash and mass movement, Each surface has a stone line in it,
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and is covered by colluvial material from the upper surface, Ruhe admitted
that im some cases, these step.like, widely concave.upward surfaces may
change to convex .concave slopes, and this he believed could have been
produced by changes from active pedimentation to alluviation as a result of
rising base.levels, Clayton (1958) also observed a stepped series of
surfaces in Kabba province {(Nigeria) and ascribed their formation to
pediplanation,

Such stepped, pedimented surfaces do not appear to be widespread in
South Western Nigeria, To some extent, stepped surfaces are found in the
lateritised upper Cretaceous and Eocene Sandstones around Meko, and llaro,
but the processes which have created these surfaces, gave rise to more
complex surfaces on the crystaliine basement rocks, The latter cannot be
explained by simple pediplanation. On the basement complex, especially around
Oke.lIho, scarps are found which are composed entirely of syenite, and they
eppear to be of no cyclical importance. Rather, they result from differential
weathering between the syenites forming the scarps, and the surrounding
amphibolites, Footslopes also occur around inselbergs, but basically, these
are not pediments as they do not cut across bare rock surfaces, The use of the
word pediplain by King (1947), implying surfaces cut across bare rock surfaces
as in the desert or in the semi arid area, is misleading in the humid tropics
because such surfaces do not exist here. If surfaces are cut across bare
rocks, chemical weathering on such surfaces under present humid conditions will
make their identification difficult,

Pugh (19565) further suggested that with pediplanation, inselbergs and
other erosiocnal residuals will be of zonal distribution around cyclical
escarpments, This is not seen arcund the scarp at Oke.lIho where nost of the

inselbergs occur on the tableland itself, He also asserted that inselbergs do
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not mark petrological boundaries, This is true with gneiss, but does not
apply to granite or syenite, Ruhe's correlation of stcne.lines with
particular surfaces does not appear to exist in South Western Nigeria, Fronm
this, pediplanation does not provide an explanation of the complex land.
surfaces of South Western Nigeria,

Most of the exponents of the pediplanation theory fail to take into
account the surficial configuration of the landsurfaces, They almost
usually assume that surfaces produced by pediplanation are flat, and they
regard rock outcrops on such surfaces as mere erosional survivals, The Zact
that they ignore the variation within the local rocks in relationship to the
surficial configuration of these surfaces has led to errors in the proper
appraisa) of the processes responsible for creating these landforms,

Many writers have questioned the belief that series of flat, step.like
surfaces are produced in the humid tropics, Wayland (1933) observed that step.
like flat series of peneplains or pediplains cannot be produced from upper
peneplains in an unstable area, and particularly where weathering is followed
by uplift, If a lower surface develops below an upper surface, it would be
formed across the weathering profile of the upper surface, and it will never
be a plain, but will have low to moderate relief, Wayland termed such a
surface an etchplain, Many writers have become increasingly convinced that
weathered and erosional landforms in the humid tropics can best be explained
in terms of the etchplain concept, and Mabbutt (1961a), Wright (1963) and
Thomas (1965, 1069) have applied it to areas of widely varying lithology.

Mabbutt (1961ia), working in the semi arid area of Australia, observed
that antecedent weathering of the crystalline basement plateau area, followed

by stripping caused by a change of base level, led to the production of an

etchplain of considerable surficial configuration below the old plateau, He
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noted that weathering is deeper along the valley lines on the old plateau
than below the interfluves, and that the weathering front undulates in
conformity with the topography. Data on the weathering pattern in South
Western Nigeria does not support these observations, but this does not
necessarily invalidate the theory, Mabbutt further observed that ei:iplnnt
recession is due to slope wash and rilling, leading essentially to the
stripping of part or the whole of the weathering profile, and he noticed
that rock outcrops are limited to interfluves on the lower surface,

Wright (1963) epplied the etchplain concept of deep weathering and
erosional stripping to explain the development of two etchplains helow a
sandstone plateau in the Daly river basin in the Northern Territory of
Australia,

Apart from the above writers, many geomorphoclogists have also exprorse;r fmien
that the landforme of the humid tropics are produced by deep weathering and
subsequent erosion e.g. Birot (1968), Budel (1987) emphasised that the
tropical plain is formed by deep chemical weathering and denudation, and drew
attention to the existence of the "double surfaces of levelling”. Denudation
proceeds at the surface, and weathering progresses below on what has been
variously described as "the basal surface of weathering” (Ruxton and Berry

the opinion
1957), or "the weathering front™ (Mabbutt 186ib), Cotton (1961) exprelledhthnt
the landforms of the tropical area resulted from deep chemical weathering
in a period of little surface erosion, followed by accelerated erosion
under relatively drier conditions,
#e opinien

King (1047), exprassedlt t different processes operate in different

climatic environment to produce differeat landscape types, thus;.
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pgnep1ufPl - éunid temperature

Plnphiﬁ; and savanna . humid and semi arid sress climates

otchplﬁgn - humid fropics

pqdipl#in - liqppe and arid climates.

Thowas (1965, 19@9) discussed the concept of deep weathering and
erosio;ﬁl utrippinx léading to the production of different types of
etchplaihs ;nd surtac;n on the Jos plateau and part of Weatern Nigeria
(North of the field area of the present work), He defined and mapped the
different types of etchplains and surfaces present in both places,

Application of the Etchplain Concept

King (1962) recognised vast erosional surfaces occuring as pediplains
in the interior of West Africa and classified the surface of the basement
complex of South Western Nigeria as part of the African surface. If by
"surface" King means a pediplain, then this classification is inapplicable to
South Western Nigeria, Near the coastal areas, such pediplains have
disappeared and were replaced by erosional and weathered surfaces of
considerable local relief, In the thesis area, with the exception of the
Upper Cretaceous Sandstone where a fairly extensive lateritized flat surfaces
are present, no pediplains can be recognised, The only location where anything
approaching a pediplain can be rocognised on the basement complex rocks in
Western Nigeria is along the primary watershed between the rivers flowing to
the Gulf of Guinea and those flowing to the Niger, and even here, only
the lateritized reminants or‘auch a surface remeain, To the South of the
primary watershed in South Western Nigeria, the various physiographic units
composed of undulating terrains and dissected terrains, on which there are
several inselbergs, cors, corestones and quartifzitic ridges, appear to have

been produced by the stripping of the weathered regolith of the older surface
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still preserved on the primary watershed, These landforms, because of
their considerable surficial configuration, cannot be regarded as pediplains,
Since they have been produced by the erosion of the older landsurface further
to the north, howaver, it is quite possible that the etchplain concept, as
propounded by Wayland (1933) and as developed by Thomas (1965, 1969) can be
useful in explaining, how they evolved, Thomas (1968, p. 130) emphasised
that this concept 1is particularly applicable to West Africa, and wrote that
"here between the coast and the older surfaces in the interior, there has
been the production of plains from plains over a long period of time",

The most important geomorphological process in the humid tropics are
undoubtedly chemical weathering and erosional stripping, and the landforms
of South Western Nigeria are best explained in terms of these processes,
Erosional processes may take the form of backwearing or downwearing, but
each of these process by itself cannot produce the various types of landforms
which are present, The various processes are examined below,

Weathering

Both physical and chemical weathering operate in South Western Nigeria,
but the latter is the most important single geomorphological process, The
chemical processes involved, and the pattern of chemieal weathering im the
humid tropics have been widely discussed (Harrisom 1933, Reiche 1980, Chapman
and Grenfield 1949, Ruxton and Berry 19857, 19861a, Ollier 1965 and Ruddock 1967),

Chemical weathering in a humid tropiecal environment takes place in form of
hydration, nydrolyail, carbonation, solution, ion exchange, reduction,
oxidation, base changes, and through bacterial activities. These chemical
changes are encouraged by the high temperature, and the large volume of water
available throughout the year (see Chapter 3). In most minerals with the

exception of quartz, chemical changes lead to the formation of new, low
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density minerals that occupy larger spaces than the original minerals, As
these new minerals are formed, the original minerais get smaller and lqﬂso
their metallic and alkali elements, In the process of forming the new low
denzity minerals, crystalline rocks disintegrate,

Coarse graired rocks like granites usually get hydrated and suffer
granular disintegration, Spheroical weathering is also important whqro the
rocks are well jointed, Water can permeate through the ingterstices iatween
the granite or syenite crystals, and as the crystals often retain wat;r by
edeorption, hydration readily occurs, The felspathic and metallic minerals,
such as felspars and biotite, and the joint surfaces weather quickly
(plates 11 and 12), Spheroidal weathering is only checked where the joints
are not opened, Metamorphic rocks, like gneisses and schists, are foliated,
and where the rocks dip steeply, the cleavage planes within them allow
water to move relatively rapidly through the rocks, The ferro magnesian
minerals in schists and gneisses are especially prone to weathering, and
this leads to a complete disintegration of these rocks, Weathering is
relatively faster in these rocke than in the coarse grained granites,
Quartzite being composed mainly of quartz is resistant to weathering, but
where it is heavily jointed, it can be weathered, The Cretaceous and Eocene
sedimentary rocks are formed as a result of weathering, transportation and
deposition of other rock materials, and accordingly contain small amount of
weatherable elements, The absence of structural variations in the rocks lead
to uniform weathering.,

In all these rocks, weathering is more pronounced in the part above the
water table, Below the water table, weathering becomes less pronounced due to
the sbsence of oxygen, although, in some instances, traces of weathering can
be seen below the water table. In jointed rocks, below the water table, ferro

magnesian minerals in contact with water are gradually altered into



Plate 11, Corestones in weathered syenite near Oke lho.

Plate 12, Spheriodal weathering of coarse porphyritic granite,
The oval form of the rocks was forsed subsurfacedly,
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pseudomorphs, Just above the level of the water table, most weathered rocks
atill preserve their structure, Weathered gneiss still displays foliation
and din, while in granite, quartz persists, but biotite get changed into
greenish chlorite, and felspars become whitish and soft,

The end product of weathering of both basic and igneous rocks in the
humid tropics are solution and colleid suspensionsj hydrated sesquioxides of
aluminium and iron, and clay minerals . 1llites, montmorillonites and most
commonly kaolinitesj unweatherable residues e,g. quartz, Solution and colloid
suspension are derived mainly from chlorides, sulphates, carbonates and
bicarbonates, but they are also leached from alkall bases, They are washed
into streams by surface and subsurface runcffs. Hydrated sesquioxides of
aluminium and iron are derived from the ferro.magnesian minerals under the
seasonal tropical climate. These sesquioxides may be concentrated to form
bauxite or laterite. The clay minerals are derived by hydrothermal alterations
of the felspathic and ferro.magnesian minerials, Montmorillorites are formed
under alkaline ground water and in areas of imperfect drainage !.'.'%'& kaolinites
are formed under acidic ground waters and in areas of good drainage. These
compare with the description of Harrison (1933) that the end products of
weathered rock in the humid tropics are ironstone, bauxite, pot or pipe clay
and kaolinm.

The significance of undisturbed chemical weathering is the accumulation
of thick unweathered residue which may be porous, or imperviousj and on it,
erosion takes place, The weathered residue generally forms poor parent
materials for soils as it lacks important bases,

The Pattern of Weathering

The pattern of weathering is determined by the following factorsi.

1. The structural variation and lithology of rocks on a local and on a

regional scale,
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i1, A period of tectonic stability long emough to permit deep
weathering
111, Climatic stability,

The structural variation and lithology of the rocks determine the pattern
of weathering and the nature of the basal surface of weathering. In chapter
2, it was observed that on the basement complex, the various i granites,
gneisses and quartzites resist weathering more than the weaker schists, Where
schists alternate with quartzites, the differential weathering is pronounced,
A good example occurs at Ibadan along the Elizeabeth 11 Road where the
quartzite is weathered to a depth of a few feet, and the adjacent schist is
weathered to about 70 feet. Differgmptial weathering of this Eype can alsox
occur on a regional or a local scale due to lithological variation, Within
2 homogeneous granite, weathering will be more localized and marked in a
well jointed section of the rock rather than in a section with few closed
Jeoints, With tectonic stability of long duration, an old landsurface will
be deeply weathered probably as envisaged by Ollier (1959, 1960) over nis
Gondwana surface, Examples of a deeply weathered surface include that
recorded by Ruddock (1967) near Kumasi in Ghana, where the weathering
prefile does not show core stones, and the lateritized surface on the primary
watershed north of Shaki in Western Nigeria., If there is a change of base
level, due to uplifting, ercosional stripping will occur, and the profile of
weathering will be immature,

With climatic changes especially from wet conditions to arid conditions,
physical weathering will supercede chemical weathering and the profiles of
of weathering will mlso be immature. The pattern of climatic changes in the
humid tropics in the past, especially in the Pleistocene.Quaternary period, is

not definitely known, There is some evidence of climatic change in the
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arid area of Nigeria., 0ld erg.dunes and wind borne deposits are found in
Zaria and Kano provinces, while Grove and Pullan (1964) have used fluctuations
in the extent of Lake Chad to prove climatic changes in Northern Nigeria,
Oliver (1964) used beach levels and associated materials to show the
sequences of Pluvial and Interpluvial periods since the Holocene along the
coast of Ghana, Bruckner (1958) also used evidence of stone lines in the
Accras area to postulate that arid conditions had once prevailed, and

Tricart (1956) took the lateritic formations in the Guinea area to prove
climatic changes in West Africa, Most of the evidence cited, especially

by Bruckner and Tricart is inconclusive, Stone lihes have been shown to
form under wet humid conditions by Nye (1954) and others while Harrison
(1933) has shown that laterites can be formed under continuously wet
conditions, Budel (1939) is of the opinion that the climatic changes of the
flelltoceno.Qunternary period did not affect area of the tropical forest,

It seems unlikely that the effects of climatic changes inr South Western
Nigeria would be as drastic as envisaged by Bruckner, What séelu possible
is that periods of relatively wet conditiénu alternated with periods of
relatively dry conditions, although in the latter, the annual rainfall was
still sufficient to effect deep chemical weathering especially in the forest
area, It also seems likely that as the Sahara Desert advanced southwards
during the interpluvial periods, the semi arid erese on the fringe would also
advance southwards, Hence present day savanna area would have little
precipitation, and this could have retarded chemical weathering to some
extent,

The depth and pattern of weathering in the humid and subhumid areas of
Nigeria were studied by Thomas (1966), In the course of the present

were

investigations, some date not previously available to Thomas wad collected pn

these topics, The depth and pattern of subsurface weathering can be examined
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from data derived from seismic investigations and bore hole drilling
which have been carried out in Western Nigeria, Seismic investigation
using "refraction seismology" is relatively faster than drilling bore
holes, but its use in investigating the depth of weathering in Western
Nigeria has been confined to selected sites suitable for dam construction.
Such sites are often determined by the frequency of rock outcrops and may
not give a valid idea of the weathering pattern elsewhere in the
crystalline rocks, However, the number of sites juztity drawing some
broad conclusions from the data obtained,

Seismic traverses have been carried out along stream cross profiles,
The traverses vary from 600 feet on both sides of the stream at the
Owena.llesha Weir site, to 2,500 feet on the Oha stream near Ikirun, to
several miles across the Niger at Kainji,

An objection to seismic investigation is that where corestones exist
in the weathering profile, the seismic waves may not reach the unweathered
parent rock, probably reaching the Zone III of Ruxton and Berry (1957),
To overcome thise problem, boreholes are drilled at clﬁce intervals along
the seismic traverses, and observations from such boreholes often
confirm the result of the seismie investigations,

Seismic investigations show that where rocks are locally shattered,
such as a fracture.zone in granite, pockets of water, unrelated to the
general ground water table may exist. The presence of such water often
lends to deeper weathering in the shattered zones, In the Kainji area
(Fig. 16), on the left bank of the Niger, the local granodiorite is
heavily shattered and fractured., Along this zone of shearing, weathering
has penetrated down to 52 feet while in those parts of the rock with

fewer joints, weathering has only reached 20.30 feet, On Kainji Island,
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the local amphibolite is sheared and fractured by persistant vertical
joints, and along this zone, waatherigz has reached 66.70 feet, On the
right channel of the Niger, the local granite is closely jointed and
fractured, and is weathered to a depth of 128.5 feet . 135 feet and here
traces of chemical alterations of the rock minerals are found at 229 feet
below the surface,

Along most of the traverses studied (Figs. 17, 18, 19, and 20)
especially the Opekil dam site near Eruwa (gneisses crossed by pegmatites),
the Otin dam site (fine to coarse gneiss) near Ikirun, and the Owena dam
site (granite) near Igbara oke, about 75% of the traverscs show that the
local rocks outcrop along the stream channels, Away from these outcrops,
weathering depth increase 30.40 feet for every 260 feet along the valley
flanks, and in some cases, the depth of weathering on the interfluves
reach 70 feet,

These investigations reveal an overall pattern of domical rises and
basins of deep weathering along the stream cross profiles which, if
continued into adjacent stream profiles, may well ¢ the norm for the
crystalline area of South Western Nigeria,

Records of boreholes drilled by the Geological Survey of Nigeria in the
crystalline basement rocks show weathering depths to vary from 6.114 feet in
an area of 50 sq, miles around Jlugun., Most of the boreholes are in
the sedimentary areas where there is a need for water, As the sedimentary
rocks are#onposed of pre weathered materials, it is difficult to establish
the depth of weathering, 7The only way to determine the depth of weathering
is by ascertaining the weathering profiles from the stratigraphic descriptioas
accompanying the records of the boreholes. Most of the boreholes passed
through the upper ferruginised horizcns, the mottled zomes and the pallid

zones of the typical weathering profiles, The following table is based on
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a careful selection from borehole data that pass through the weathering
zones listed above; and the depth of weathering is restricted to the bottom
of the pallid zone,

Table 16 Depth of Weathering in the Upper Crétaceous Sandstone

Location Depth (in feet)
Ishaga ' 214"
Maroko 205"
Atyetoro 160°¢
Alyetoro | 210"
Meko ' 83*
Imushin 290"
Ijebu Ife 208"
Ijebu Ode 206°¢

These places are widely scattered over the sandstone, but most of them
except Meko and Aiyetoro give & depth of waather;ng in excess of 200 feet,
On the Eocene sandatcne, boreholes range from 62.512 feet, but it is difficult
to ascertain the depth of weathering as the records seldom include a
stratigraphic description,

The great depth of weathering in sandstone may be due to the fact that
it carries an old Tertiary surface heavily covered by laterite, hence stable
enough to permit deep weathering below the surface. A lack of abrupt
lithological changes further enhances deecp weathering into the porous sandstone,
Further the basement rocks below the sandstone was pre weathered before the
sandstones were deposited on them, and most of the boreholes passed through
the sandstone and reached the weathered basement rocks below.

The deep weathering noted above is not peculiar to Western Nigeria,
Ollier (1959) recorded a depth of 200 fcet in the crystalline rocks of Uganda,

and Barnes (1961) noted a depth of 160 feet in the same rock. Archambault
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(1960) recorded 65 feet of weathering in parts of Mauritania with 2 ins,

of rainfall., Bisset (1941) recorded 100 . 150 feet depth of weathering

in the Ugandan granite. Nagell (1962) observed a depth of about 300 feet in
the pre Cambrian metasediments of Serra Do Navio District of Brazil, Thomas
(1968, 1966) noted a depth of 180 feet on the Jos plateau and 40.60 feet for
some dam sites in Nigeria, Ruddock (1967) found that in the Kumasi area,
the depth of hardrock in granite, in valleys is about 20 feet, more than

26 feet in Birrimian metamorphics, and in some localities, he recorded
depths of weathering up to 68 teet,

The most important point ia that the basal surface of weathering is
highly irregular. It also appears valid to state that weathering is deeper
below interfluves than along stream valley floors, This conforms with the
cbservations made by Thomas (19668) and Ruddock (1967) although Mabbutt
{(1961a) had contrary evidence. Deep weathering below interfluves is
explained by Thomas (1966) as due to the lateral movement of groundwater
beneath interfluves towards the valley lines as a result of the dissection
of ah old surface., In places where the interfluve is covered by laterite,
the valley sides are protected from serious erosion while weathering goes
on viimpeded beneath the interfluves, Most of the data on the depth of
weathering in Western Nigeria is derived from such dissected areas, but there
Ige no clear evidence to show old erosion surface remnants. According to
Ruddock (1267) what appears significant in the formation of this type of
weathering is the movement of water below the interfluve towards the stream
channel, Ground.water moves vertically downwards beneath interfluves, and
also lsterally towards the Stream }line and this leads to deeper weathering
beneath interfluves,

Basal Surface of wentherigg

zoné
The form of the basal surface ot*waatherinnkil important in relationship



80

to the landform that will result when the superincumbent regolith is
stripped off, There is no consensus of opinion among the several authors
about the form of the basal surface oi’?weatherin?:‘ 'Rm:ton and Berry (1957)
are of the opinion that in crystalline rocks, corestones(Zone 11I) often
sepernte the parent rock from the weathering profile, in which case the
basal surface of weathering is well marked, Mabbutt (1961b) believes that
an abrupt change from the soft pallid zone to hard fresh rock is common, in
which case the basal surface of weathering will be transitional between
thoroughly weathered and unweathered rocks,

The type of basal surface of weathering that will develop in any rock
depends on the lithology and structure, and on the length eof time during
which weathering has taken place, In the granitic terrains of Oke-lho,
Tapa.ldere, and Eruwa.lalate, corestones and tors are common on the ground
surface (Plate 13), and in road cuts, coreastones are frequently seen (Plate i1).
Where weathering has been prolonged over a long time, the corestones are
destroyed (Plate 14), but the weathered rock above fresh bedrock will
preserve itas structure, though it is very soft., Thus in a well jointed
granite or syenite, if the weathering sequence is disturbed, the profile
will be immature, and th; weathering front may be like that envisaged by
Ruxton and Berry (1957), 1f weathering continues over a long period, the
corestones will disappear, In other rocks, especially gneisses, schists
and other schistose rocks, corestones are always sbsent, In a few
weathering profiles, small rafters of rocks could be seen, but as a general
rule such rocks have become hydrated and soft, Schistose rocks due to their
foliation and cleavage planes are weathered regularly (Plate 15) and do not
dieplay the transitional zone of corestones as seen in granites and syenites,

In the sandstones, the basal surface of weathering will merge imperceptibly



Plate 13, Corestones and tors on the ground surface near lalate,

Plate 14, Corestones being destroyed in the weathering profile -
observed near Eruwa,



81

with the parent rock and this is due to the absence of pronounced
structural and lithological variastions,
There are still problems arising from the present observed pattern of
weathering, Is the present pattern of weathering and the resultant
landforms a product of relict weathering and subsequent exhumation of
part of the basal surface of weathering? Does the present pattern result
from concurrent weathering and erosional stripping over a long period of time 7.
To answer these questioni, the base level changes that have occured in South

Western Nigeria have to be discussed.

Base Level Changes Lending to Erosional Stripp{gg

King (1962 p. 240 & 300) is of the opinion that the interior part of
the Guinea Coast suffered monoclinal cymatogenic inflexion at the end of the
Cainozoic age, and records of deep sediment deposit along the Nigerian
coastline seem to support this claim, Precisely what form this tilting took,
however, is still difficult to understand. For this purpose, a few
theoretical considerations may be examined about the periodicity of cyelical
uplifts and base level changes that could have produced the pattern of landforms
of South Western Nigeria,

King postulated that following the tilting southward of the hinterland
of tne coast of Guinea, the o0ld African erosion surface became inflexed and
was eroded to produce the Post African surface. This simple assumption is
difficult to sustain if it is accepted that when there is a tilting of the
land, & positive change of base level must take place, i.e. the mouths of
the rivers and the coastal areas will become areas deposition., Since no
vertical uplift £s involved at the coast, there can be no cyclical erosion
of the tilted land area, Thus this simple monoclinal inflexion cannot

explain the erosional history of South Western Nigeria unless it is assumed
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while fhere was also
thnt‘oniy the coastline was downwarped,with the concomittant uplift of the

hinterland,

Kennedy (undated) is of the opinion that the coastal basin of West Africa
"sust have formed as a2 result of pronounced and continued basement down.
warping with or without concomittant faulting®, This view is especially
valuable is assessing the geological history of South Western Nigeria,
Records of deep boring by the Mcbil 0Oil Exploration Group show sediment
deposits 7,000 feet thick at the coastline near Badagri. Inland, the total
thickness of the sedimentary seriesover the basement rock is less than 600
feet, These observations suggest that with the deposition of sedirents
in the downwarped coastal basin, the hinterland of this basin will be
isostatically uplifted, Thus both the pre Cambrian basement rocks and the
sedimentary rocks overlying them would be uplifted right from the coastline,
The amount of isostatic compensation is not known, and the mature of the
uplifts involved cannot be easily assessed, but there is evidence which
suggests that the uplift has been considerable since the formation of the
sedimentary rocks., Before assessing the nature of the uplift, some
consideration of the initial surface of South Western Nigeria especially on
the basement complex is required,

Initial Surface

The present surface of the basement complex rocks llopefin aNa-.3S
direction from the primary watershed north of Shaki to the base of the upper
Cretaceous escarpment, The older surface from which this evolved may be
reconstructed if it is assumed that remnants of such a surface may exist
on tops of hills and ridges in a N . S direction, though differential erosion
on these hills and ridges present difficulties. Following this assumption,

six profiles woere drawn to pass through the tops of the hills and ridges in a
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N . S direction at intervals of 45 minutes (Fig. 21), The profiles slope
gently from the Northern boundary to the Upper Cretaceous sandstone, but
near the sandstone, they exh&hi{pronounced inflexions, The Oba hills north
of Iwo do not f£it into the profiles and probably belong to an even older
surface,

Theoretically, in an area of heterogeneous rocks like the pre Cambrian
basement, if this sloping surface is contiﬁuously uplifted, there will be %
no stable base level at any period, erosional stripping will closely follow
on chemical weathering., The result iouid be the exposure of convex bare
rock surfaces over most of the pre Cambrian basement, This is not the case
in South Western Nigeria, |

On the other hand, if this sloping surface undergoes periodi;:uplif%;
during the intervels there would be stable base levels vhicﬁ would permit
deep chemical weatherinz to operate on the surface., With uplift ahc
rejuvenation of streams, a sloping and undulating surface may be produced
below the old sloping surface, and in some places, part of the »asal surface
of weathering of the old erosion surface may be exposed. Towards its upper
l1imit, the new surface will be developed along the drainage lines of the older
surface, The period between the_upltrtn is thus 1mportaht. If:uplifts are
frequent, the erosional stripping that will result will tbloscope several
surfaces together to produce irregular surfaces exhibiting varying amount of
basal rociis; if uplifts are wide}y spaced, it is possible that several
distinguishable sufracsn will be produced.

In South Western Nigeria especially over the cryetalline basement rocks,
no distinctive widespread surfaces can be rccognised, and the econfiguration of

the landsurface varies tremendously, This suggests that the uplifts which

led to cyclical rejuvenation and erosional stripping of the weathered material
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of the pre.existing sloping surface could have occured at frequent intervals,
Field evidence from the Cretaceous and the Eocene formations appear to bear
out this assumption. In these formations, there is an increase in the
vertical sepdration of the stream beds and the crest bevels from the coast
to the valley heads, Here also, two or three pronounced breaks of slope

on valley cross profiles were recognised, with each slope break marked by
valley beanhes on which laterite deposits are found, In the area north of
Alyetoro and around kKekc, the depth of stream incision with their breaks

of slopes total 180 feet . 20C feet, Each break of slope appears

eyclical, denoting.;n~uplift, hence there have been at least three periods
of uplift since the Early Tertiary after the formation of the sandstone.
The resultant rejuvenation of the south flowiné drainage on the sandstones
led to regressive erosion and the breaching of the divide between the
sandstone and the crystalline basement along the-Yewa rivef. The pre
Tertiary pattern of uplift is not yet known but it appears to be aperiodic
as seen from local surfaces found on the basement complex,

These various uplifts, base level changes and their accompanying
rejuvenation and erosion could have produced the various weathered
landforms, and landforms exhibiting varying degrees of erosional stripping
present in South Western Nigeria.

Present Pattern of Erosional Stripping

Not much is known about the pattern of erosionsl stripping in the
past. Indecd, there is considerable controversy about the pattern of eroaicn
in the humid tropics, Pugh (1988, 1966) and Ruhe (1956) are foremost in
maintaining that erosional stripping in the humid tropics is in form of
"bevelling” i.,e. the slopes retreat parallel to themselves at a consistent

unti{ discasbion of
dscllvity‘t&ii the upstanding masses are consumed, King (1957), in his,

W
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uniformitarianism principles, also implied that parallel erosion goes on all

over the world including the humid tropics, Pugh (1966) later reiterated
that backwearing and downwearing are mnot mutually exclusive, because
dependent on the particular rock type involved, surface wash and creep can
combine to produce downwaaring in a zone behind advancing eyelic fromt,

Holmes (1958) believed that both downwearing and backwearing can operate
in the same area, even on a singie slope profile, dependent on whether the
slope facets are wash slopes (sffected by downwearing) or gravity slopes
(aftected by backwearing)i but that eventually downwearing will become
increasingly operative, OCn p., 387 he wrote that “the progressive elimin.
ation of the small gravity slopes with concomittant extension and integration
of the wash slope units gives the overall effect of decreasing an, le of
valiey side slopes as dowhwnlhing of the divide gces on",

From field evidence, it appears that both processes of downwearing and
backwearing are operating in South Western Nigeria. Backwearing processes
appear to be important in the scarp zone of the Upper Cretaceous Sandstone,
The scarp appears to be retreating backward under gully and rill ?rouﬁrn
(see Chapter 13), The scarp is laterized e,g, between Imala ungigt:j;, and
the erust produces the free face below which the laterite rubble' and blocks
give risé 06 a’constant slope, The length of the waning slope element below
the constant slope depends on the location of the individual slope profile.
It is vory short where the scerp is deeply dissected by gullies, and long
elesowhere, Free surface runoff undermines the cap rock which breaks up into
large blocks, thus the cambered laterite edge wears back, At re_entrants,
the constant slope is undercut by lateral erosion and thus the whole slope

profile appears to retreat parallel to itself, Om such profiles over a

large aros, the values of maximum slope angle are nearly the same (Chapter 13),
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and this confirms the impression of backwearing,

Parallel slope retreat is also common at gully heads and sides because
epring sapping at gully heads lead to block slumping and headward extension
of the gully, while lateral erosion at the gully sides lead to slumping at
the sides, On artificially.cut steep slopes (Plate 16) free fall of runnff
on such slopes lead to basal scowpring and slumping from above,giving an
impression of backwearing, Rills are also canable of causing parallel retreat
(Plate 17), These rills eat into the slope at a constant rate, Thus where
the lithological variation is suitable or where lateral erosion and snring
sapping occur in South Western Nigeria, backwearing will result, This does

not, however, mean that backwearing is the dominant erosional process.

Data on sedimentaticm‘&:'linited and insufficient to elucidate the arount
of linear erosion in South Western Nigeria. From observaticns, it seems that
linear erosion by streams ig2 weak along most of their courses, The mater;als
derived by surface runoff and carried into the streams are rather fine, so
that except where rejuvenation is active, linear incision is unimportant,
Occasionally, outcrops along stream channels are potholed, but this is very
localised and confined to where the basal surface of weathering is exposed
along the stream courses,

Eluviation is an important process both under forest and Savenna, and
the type of mechanical eluviation that can occur in the tropics have been
discussed by Ruxton and Berry (1961b p. 29), Mechanical eluviation involves
.the movement, vertically downward, and laterally, of fine soil particles
through the interstices of larger ones as a result of sub surface water flow,
The effect of tropical thunderstorms on exposed soil is not only to disperse
fine materials, but also to drive finer clay and silt particles further down
into the soil concentrating the larger particles on the surface, Under

consistently intense rainfall, the finer particles are rapidly concentrated



Plate 15. Weathered gneiss near Asejire, at the bottom of the
plate, to the right, the regolith is seen to lie
directly on unweathered parent rock.

Plate 16. Slumping of the relatively weak, pallid material on
a steep artificial slope . near Oru,
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to form & clay rich lower soil horizon (B horizon), On slopes these finer
particles are washed into the soil by influent seepage and ﬁarcolatian of
water moving down slope under the influence of gravity, The finer particles
may be washed into the river by effluent seepage, Eluviation is
geomoxphologically important, In the savanna area, it leads to increased
slope wash of the unconsolidated material in the Upper (A) Soil horizon,
ﬁnder the forest, soil materials are removed by subsurface lateral flow
especially as groundwater moves towards the streams, This leads to a gradual
and almost impercetible lowering of the ground surface.

Slope wash is important both in the forest and in the savanna area and
usually starts with rain drop erosion. In both the forest and savanna area,
unconcentrated slope wash starts when the rain water saturates the ground
surface especially during the heavy short periods of rain fall, Where the
forest has been cleared, direct rain drobs rapidly deatroy the top soil,

As the ground surface gets saturated, wash becomes concentrated and more
erogsive, Unconcentrated wash is more effective in the savanna because there
is little leaf litter to mbsorb the rain water, and the grass stems occur as
seperate tufts leaving exposed surfaces between them, As observed on
footslopes of inselbergs, such unconcentrated sheet flow pack finer
materials downslope. Here, as the water moves downslope it gets concentrated
especially where it gets obstructed by grass stems, The water becomes
turbulent and is concentirated into rills which =cour the ground surface,

This can occur on any kind of slope even as flat as ie as, for example,
around Oyo,

Rills are effective in eroding the land surface especially where such
surfaces are exposed as a result of deforestation. They also cause headward

extension of streams as leen'in two cases aroun< Ibadan airport where the
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appitheatre-like heads of two minor streams are being rilled (Plate 18),

The rate of rill development was studied on: a mewly deforested surface
along Ife.Ofdo road between March 1969 and July 1969, An area of 120 feet
by 255 feet was cleared on a slope of 2° and part of the top soil was removed
for road making, With the onset of the rainy season in March the cleared
surface was still free of rills, but by May, these were evident four 3rﬁ
order rills were developed on the surface. The length of the overland flow
was 55 feet, about 1/6th the length of the exposed surface. The factor
responsible for channelling the flow was mainly the irregularity of the
surface configuration,

The table below shows the rill numbers and their sverage depth and
width, |

Table 17 Rill Numbers, Average Depth and Width

Rill Order Number Average Depth Average width
First 1 8 3 ins, 9 ins,
First 2 2 9 ins, 2 rt,

First 3 1 15 ins, 3 ft.
Second 1 6 3 ins. 7 ina,
Second 2 2 7 ins, 1 ft. 10 ins,
Second 3 1 13 ins, 2 ft, 8 ins,
Third 1 8 § ins, 11 ins,
Third 2 2 9 ins, 2 ft, 5 ins,
Third 3 1 13 ins, 3 ft, 4 ins,
Fourth 1 4 1.7 ins, 8 ins,
Fourth 2 2 4 ins, 11 ins,

Fourth 3 1 7 ins, 1 ft, 6 ins,



Plate 17. Rills on a steep artificial slope near Oke..lho,

Plate 18, Headward erosion by rills and small gullies of
small streams near Ibadan airport,
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The interfluve spaceSbetween them vary from 7 ft. . 9 ft. in width. The
rills developed by headward erosion and lateral undercutting, and, between
May and July the 1st order rills extended headward between 2 . 4 ft, The
surface was disturbed in Mid July and the study discontinued, but it serves
to demonstrate the rapidity with which exposed surfaces are eroded,

Gullying and spring sapping are found to be related (Plate 19), With
the exception of the several gullies found on the face of the escarpment around
Oke..Iho, gullies are never found to a large extent on the crystalline
basement, thus confirmingSavigear's(1960) observations, Where found, gullies
oceur irrespective of slope angle, Those on the crystalline basement are
found mainly on footslopes of inselbergs and also within the towns, where
they occur as a result of drainages from the roofs. The gullies on the
crystalline basement are not deep, they rarely exceed 10 feet in depth,
but they could be very wide, In almost all those observed on the
crystalline basement, subsurface seepage at the heads of the gullies bring
out fine soil materials and this causes basal sapping and headward erosion,
In contrast to the crystalline area, gullies are common on the surface of
the Cretaceous escarpment, but their erosional activities are rather
intermittent and are discussed in Chapter 13, Gullies are absent on the
scarp face and on the dip slope of the Eocene sandstone except where
deforestation has occured as at Shasha Training Camp some miles east of
Ijebu Ode. The area was deforested in 1963, and by 1965, thraea:g&temu
of gmedly ﬁ:ﬁi developed and when measured in 1968, they averaged 35 feet
in depth, and 160 feet in length, They are eroding backward by basal sapping
of the ferruginised sandstone, and laterally by undefcutting and slumping,
Generally, gullies cause occasional and spectacular erosion, but their work

is intermittent and not very important in the overall evaluation of erosional

stripping.



Plate 19, Seepage, basal sapping and slumping at the head
of a shallow gully near Idere,

Plate 20, Stone line observed north of Abeockuta.
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Soil creep is an important erosional process as it involves the
tranasfer of fine soil material from the upper parts of slopes to the middle
and the lower parts, but it is extremely slow, Evidence of soil creep
were seen in several places especially in road cuts a2ll over the
crystalline basement, The moat impressive evidence is the thin stone lines
found on moderate slopes, Soil creep appears to occur mostly on deeply
weathered gneisses and schists whose weathered regolith contain a largg
proportion of clay, 'fhe depth of the migratory soil layer above the stone
lines observed in road cuts is always less than 3 feet, Quartz veins which
have survival chemical weathering got broken up at the base of the
migratory soil layer, and the broken fragments move downslope to form the
thin (about 6 ins,) stone lines (Plate 20), Nye (1954) is of the opinion
that the stone line may be formed by termites and ants bringing up fine
materials from the subsoil to cover the surface gravels, Thia however, does
not seen to be the case on most of the road cuts where stone.lines were
observed., Usually the soil material above the nt;ne lines are rather
coarse . (Plate 20). On slopes developed in the sandstone area, especially
where loose soil is seen along the slope, mounds of sand often bank up
against the lower parts of the tree stems, with the sand on the downslope
sidea of such tree stems eroded away,

Slumping occurs particularly under two circumstances (a) on a steep
slope, lateral erosion may occur at the base of the slope, and once the
basal material is removed, the upper material will slump down, This is
seen mainly on the laterite covered steep scarp of the Upper Cretaceous
Sandstone (b) On some steep slopes, runoff often occur on such slopes as
free fall, and this leads to the basal scouring of the softer and less

consolidated material below with the upper part slumping down (Plate 21).



Plate 21, Slumping of the harder ferruginised upper horizon
after the erosion of the softer lower materials,
observed near lkirun,
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The above are the erosional processes stripping off the weathered
regolith over both the sedimentary and the crystalline basement rocks in
South Western Nigeria., The combination of these processes could lead to
either backwearing or downwearing depending on the lithology of the
weathered regolith in a particular area, The results of this erosional
stripping are the complex landforms of South Western Nigeria which are

discussed in the following chapter,
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CHAPTER 6
LANDFORMS
In Chapter 8, it was mentioned that landform development in the humid
tropics can be explained with the etchplain concept of deep weathering and
erosional stripping. This will be further amplified in this chapter. In
Australia, Mabbutt (1961ia) and.ﬂrigﬁt (1963) recognised thut-younger

' on e surface
etchplains are dovelapeda’oveas the weathering profile of an older plateau.

like surface, The younger etchplains have moderate local relief and
irregular surface configuration, and are seperated from the older surface
by scarps, This type of landform development whereby older plains are
seperated from lower etchplains by scarps was also reported from Nigeria by
Thomas (1965), They are typical where the older surface was flat and
featureless, This is not the case in South Western Nigeria.

The initial surface in South Western Nigeria as discussed in chapter 5
was inclined to the Gulf of Guinea, however, and the éxact configuration is
unknown, If it is assumed that an inclined surface is waatharod,zand then
uplifted, a new surface or etchplain will develop along the river wvalleys,
and will not be sepgrated from the older surface by a cyclieal scarp, With
further weathering and repeated uplifts, newer surfaces will develop within
the pre existing surfaces, but it is unlikely'thnt cyclical scarps will
occur between them. Such scarps may occur locally where there is
differential weathering, but these features will be structural rather than
cyclical, This seems to have been the sequence in South Western Nigeria
where no definite widespread erosion surface can be recbgniaed especially
on the pre Cambrian basement rocks, Instead ﬁhere are different types of
weathered and erosional landforms, with the degree of erosion and the basal

surface of weathering exposed on the landforms, varying from place to place,
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These have been produced by repeated uplift and stripping away of the
weathered regolith of the older surface whose lateritised remnants are
8till preserved on the primary watershed north of Shaki, The nature of the
different landforms depend on the following factorst

2) the amount of base level change; involved and the pattern of base

level changes affecting the older surface,

b) the amount of weathering in the periods between the base level

changes,

¢) the amount of erosion in the periods between the base level changes,

d) the amount of basal surface of weathering exhumed,

e) the contemporary pattern of weathering and erosiont

The first three parts were examined in Chapter § and will not be
repeated here, the last two points are discussed below in considering the
different landforms,

Thomas (1965, 1969) has shown how different categories of etchplains
and etchsurfaces have been produced from the old weathered surface on the
basement complex rocks in Western Nigeria, and it is unnecessary to
elaborate on this here, These landforms are alsc found in the sedimentary
area, The basal surface of weathering in the sedimentary rocks is indistinct
and definitely not in form of domical rises and basins as in the crystalline
rocks, In this case erosional stripping might be aipectod to produce
pediplains especially as the surface of the sedimentary rocks are
lateritized. To some extent, wide valley benches representing incipient
pediplanation can be recognised in the sedimpentary areas, but these do not
give the impression of widespread plains, Rather than exhibiting such
plaina, the sedimentary areas show a gradation from a relatively
undissaected lateritized surface to well dissected surfaces which may be

termed etchplains and etchsurfaces,



94

The etchplains and etchaurfa&nn developed in South Western Nigeria
exhibit varying amounts of interfluve areas, lateritic cover and rock
outcrops. The primary criteria eatablished by Thomas (1988) for recognising
these landforms are (i) the amount of basal surface of weathering exposed
i,e, the amount of rock outcrops, (ii) the amount of laterite present on
the interfluves, and (iii) the amount of dissection that has taken place
within the exposed basal surface of weathering., These crifteria will not
apply in all individual cases e,g. in the ledileatn;y arei where there are
no rock outcrops, Using the above criteria, the following landforms have
been recognised in South Western Nigeria (Fig. 22).

Sedimentary Area . i, (Partially Dissected) Lateritized Plain

ii, Dissected and Partially Stripped Etchsurface
iii, Zone of Dissection and Partial Stripping

iv. Aggraded Plain

v. Partially Dissected Coastal Plain

Crystalline Base. '
ment Area - 1. Partially Stripped Etchsurface

ii. Dominantly Stripped Etchplain
iii, Dominantly Stripped Etchsurface
There Jgo some correspondence between these landforms and the

physiographic units, The major difference is that the landforms are
classified according to their surface material, while the physiographic
units are classified according to their surface configuration. On the
sedimentary rocks, the Partially Dissected Coastal Plains is the same in
both cases, the Aggraded Plain corresponds with the Ewekoro Depression,
while the Dissected and Partially Stripped Etchsurface is nearly the same

as the Maturedly Dissected parts of Northern and Southern Upland, The

(Partially Dissected) Lateritized Plain corresponds with the Incismed section
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of the Northern Upland, and the Meko Plain, while the Zone of Dissection
and Partial Stripping is the same as the Dissected Margin of the Northern
Upland., On the crystalline basement rocks, the Partially Stripped
Etchsurface covers nearly the same area as the Dissected Terrain except for
the Western part, while the Dominantly Stripped Etchplain corresponds with
the Gently Undulating Terrain around Oyo and Iwo. The Dominantly Stripped
Etchsurface corresponds with the Hilly Terrain and the Dissected Terrain
with High Hills and Ridges.

Mapping the different Landforms

It is difficult to map the landforms from the 1:40,000 airphcto series
of Western Nigeria., The two criteria of laterite cover and the amount of
basal rocks exposed present problems of identification on airphotos, In
the sedimentary areas, the laterite is clearly visible, being both
widespread and thinly covered by vegetation, in the orystalline area,
lateritic outcrops are very small, and the forest vegetation makes the
identification difficult, Under both savanna and forest, however, all the
large rock outcrops stand out distinetly under the mirror stereoscope.

All rock outcrops visible froam the airphotos were delimited and marked
on the 1350,000 topographic maps, Some areas were traversed especially
at Oyo.Fasola, lbadan, and lseyin.Ado Awaiye, on the crystalline rocks, and
Abeokuta, Aiyetoro.Meko, and llaro on the sedimentary rocks. Rock and
lateritic outcrops along the traverses were mapped and identified. About
10 per cent of each landform area was traversed., The maps derived were
subjective because the delimitation into the different landform categories
was done on visual inspection of the field maps, and there is a degree of
unavoidable overlap from one landform type to the other.

Quantitative Description

For eech landform type, attempts have been made to quantify some
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measurable properties. These include the percentage of rock outcrops on the
different landforms, calculated for sample areas from airphotos, and the amount
of lateritic outcrops in eﬂch landform from observations,

Thomas (1969) has argued against using the properties of the drainage
systems within the landforms to quantify the different landforms, He contents
himself with the "Incidence of streams”™, Drainage Density, and mean valley
width for each landforn; He also mentioned that since third and fourth
order drainage basins often cut across lithologic and gecmorphological
boundaries, they may not neceasarily be representative of individual
landforms, Wigwe (1966), however, used drainage basin analysis ic =stablish
some i;g;:‘ot difference between the etchplains and etchsurfaces he
recognised in parts of Northern Nigeria,

Analysis of drainage basins presents difficulties as a diagnostic
erittéria for the different landforms, especially when streams extend beyond
the boundaries of individual landforms. Moreover, the accuracy of the stream
properties measured will depend on the scale of the availabie maps and
airphotos., However, since the different etchplains and surfaces produced
from an older surface will depend on geology and, more particularly, om
the intensity of local erosional stripping, it seems feasible that drainage
basin properties within the individual landforms will differ, For instance
the older and less dissected landforms will have fewer streams than the
younger and more dissected landform, The stream properties which often
reflect the degree of erosion arei. length of the 1st order streams, stream
number, drainage density, stream frequency, Constant of Channel Maintainance
and length of overland flow. These are directly related to the stage of stream
development and therefore to the erosional properties of such streams

(Horton 1945),
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The Percentage Hypsometric Curve designed by Strahler (1952) is
perhaps of greater importance, Strahler designed the curve in order to assess
the amount of erosion and the stage of landform development within the
drainage basins, It is drawn on aidimensionless basis in order to make
comparison possible between drainage basins located on dittcrant #eology
and in different landforms, the higher the value of the hypsometric integral,
the relatively undissected such a landform, Strahler gave the following
hypsometric integral values for the following landformsi.
i, above 60% for relatively undissected landform
ii, below 60% for youthful to mature landform
114, 35% and below, for plains with monadnocks
For each landform type recognised in South Western Nigeria, all the 4th
order streams occuring within the landforms were delimited from the 1:40,000
airphotos, The number of such streams varies from { in the Dominantly
Stripped Etchsurface to 6 in the Dissected and Partially Stripped Etch.
surface, For each drainage basin, the stream properties enumerated above
were analysed, and the hyp:sometric integral calcukated from the 1350,000
maps,
For purposes of abbreviation in later discussions, the following
symbols are used,
MA . Total Area of stream basin
®L . Total length of stream
Ns . Stream Number
Ns 1 . Number of 1st Order Streams
XL1 . Mean length of 1st Order Streams
XAl = Mean Area of 1st Order Streams
B.R -~ Bifurcation Ratio

Dd . Drainage Density
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Dd1 . Drainage Density of ist order streams
CCM .. Constant of Channel Maintenance
SF .. Stream Frequency

L.O,F . Length of Overland Flow

Relationship between the landforms and the Geology

The 3:22:: morphology of an area is a reflection of the geomorphie
processes, and more important, of the broad geological outline, The
detailed form elements of the landforms are determined by the absolute
lithology of the underlying rocks. This is the case in South Western
Nigeria where the landforms are mostly determined by the broad geology,
the lithology of the different rock groups and the varying degree of
erosional stripping of the differentially weathered rocks,

The sedimentary rocks have a west to east zonation, with the rivers
cutting diagonally across them in a north to south direction, especially
the rivers developed on the dip slopes. The Upper Cretaceous Sandstone
(Abeokuta Formation) occurs further to the north than the other sedimentary
series, It is heavily lateritized, and on it is developed the partially
stripped lateritized plain, This landform is deeply weathered., To the
south, at the middle courses of the dip slope rivers is the more dissected
and stripped etchsurface, This pattern is repeated on the Eocene Sandstone
Ilaro Pormation) to the south, where the lateritized and relatively
undissected landform is found on the upland north of Ilaro, and the more
dissected landform is found at the middle course of rivers Berre and Ore,
The partially dissected coastal plains occur further to the south,

On the crystalline basement, the rocks show a strong North to south
zonation as reflected in the disposition of the quartzite bands and the

gneisses, The interaction between the lithological patterns of these rocks
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and the geomorphic and tectonic evolution ;| appear to have produced
irregular West to East zonation of the landforms except for the
dominantly stripped etchsurfaces developed on the north to south trending
quartzites and granites,

On the basement complex, particular types of etchplains or etchsurfaces
appear to be associated with certain rock types. The dominantly stripped
etchplain is found mainly on migmatite; the dominantly stripped etchsurface
is locally developed on granites and more widely developed on quartz%tas and
schistsj while the partially stripped etchsurface is developed on scﬁists
and migmatites, This association of landforms with particular rock types
reflects the susceptibility of such rocks to differential weathering and
erosion} and this will be examined when individual landforms are discussed,

One outstanding problem is that both the partially stripped etchsurface
and the dominantly stripped etchsurface are to a large extent developed on
migmatites. The reason for this will be apparent when the zonation of the

landform is discussed,

Zonation of the Landforms

The landforms have an apparent W . E zonation (Fig., 22) which is
associated with the drainage pattern on the sedimentary rocks, but not
easily explained on the crystalline basement rocks., Here, the dominantly
eroded landform lies north of the partially eroded type. This zonation
suggests that erosional stripping is more active to the north than to the
south, There are some reasons for this, it is quite possible that since
the two landforms evolved, weathering has been more intensified on the
partially stripped etchsurface because of the greater amount of rainfall and
vegetation cover, but this particular landform type cccurs both in the

forest and in the savanna, The main reason may be due to drainage on the
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different landforms, To the north, the rivers are more youthful and more
erosive than to the south, hence more eroded landforms would be found to
the upper courses of these rivers than on their lower courses. Thé
landforms on the watershed of these rivers is the l;t.rltized and
partially dissected plain recognised by Thomas (1969), hence the dominantly
stripped etchplain present in South Western Nigeria is really at the
middle courses of these rivers, while the partially stripped landform to
the south is8 on the lower courses of these rivera, Thus the zonation of
the landforms are related to the drainage on the basement rocks, This
is similar to the sequence on the sedimentary rocks,

Climatic and vegetation influences also appear to influence the
zonation of the landforms., The dominantly stripped landforms are mainly
in the savanna, while the partially stripped landforms, are mainly in the
forest, As mentioned in Chapter 5, the influences of past climatic changes
were felt more in the semi arid area and the savanna fringes than in the
forest, In the savanna area, the smaller amount of precipitation in the
drier perioda would lead to a decreased vegetation cover and as the
intensity of rainfall was high, there would be norellheet erosion in the
savanna than in the forest, hence landforms in the savanna will be more
eroded,

The Lanaforms

(Partially Liusccted) Lateritized Plain, This landform is developed on

the upper Cretaceous Sandstone and on the Eocene Sandstone, It is found on

the upland surface between Alyetoro and Meko, south of Abeokuta as far as
surfoce of the

Ijebu Ode, and north of Ilaro, Thehlandform, which is gently sloping ,

shows little surface relief (of the order of 50.100 feet), Deep weathering

has penetrated through the sandstone formations to the underlying gneisses,
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as seen at Obada, A typical weathering profile where the plain is deeply

dissected showsi.

a) O.6 ins, . loose greyish surface soil,

b) 6 ins, -~ 35 feet . thiok‘vesiculnr hrownish.rod leterite,

c) 35 feet . 40 feet . soft clayey zone with lateritic concretions,

d) 40 feet . 120 feet . mottled zone composed of clayey, sandy,

reddish material,

e) 120 feet . pallid zone, whitish grey and clayey.

The lateritized plain is deeply dissected by the "headstreams of the
Yewa river, The plain ie probably an old erosion surface of early to mid
Tertiary age, Below it, along the stream valleys are wide valley benches
which are still being widened by erosional backwearing. Unit landforms
on the old surface consist of the sloping, upper, laterite covered,
extremely wide interfluves and the valley slopes. Laterite covers about
6% of the interfluve areas between Aiyetoro and Mcko, but it is seldom
present in the Abeokuta.ljebu Ode area except on the upper slopes of river
valleys, The valley slope profiles usually consist of the cambered edges
of laterite occuring as free faces, followed by a afraight slope of 16° " 25°
often covered by laterite blocks, Below the steep constant slope is the
terrace.like bench at 2° . 6° on which detrital laterite is often found;
this slope may be fcllowed by a short, steep, rejuvenation slope of up
to 450.

The only 4th order stream found on this surface is the Oyo river.
The drainage basin shows a hypsometric integral of 48,5% (Fig. 23) which
compares favourably with the dissection index worked out for this landfora

in Chapter 4, The low value of the integral is not truly representative

of the amount of dissection on the landform, however, because the river
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has expanded headward into the crystalline rocks to the north in some areas,
Nevertheless it indicates that the landform is still not maturedly dissected,.
The Drainage Density, within the drainage basin, is 1,1, This is low because
of the widespread occurence of laterite on the old plain and because the
underlying sandstone is porousy The porosity of the sandstone is also
reaponsible for the low streas frequency which is 0,99 per square mile. The
ist order streams are long; with a mean length of 0,8 mile, while the length
of the overland flow is 0,449 mile: The reason for this is that most of the
water on the surfacec.ither percolates into the sandstone before streams

can develop or is retained on the surface of the laterite leading to the
noticeable widespread waterlogging between Idi_Emi and Meko during the

rainy season; The morphometric properties of river Oyo are shown in Table .

18; and the frequency distribution of the stream lengths and areas are shown

in Fi:a 24,
Table 18 Morphometric Properties of River Oyo
River Rock Type Stream Ne =xA L Ns1 XLt XA1 B.,R. DdDd1 CCM §f L, of
Order (squ. (mls) (mls) (sq. (sq. (mls,)
mls.) mls,) mls,)

Oyo Upper Cret. 4 101.101,69 113,2 79 0,81 0.76 4,32 1,1 1,064 0,9 0,994 0,449

aceous
Sandstone

Dissected and Partially stripped Etchsurface This landform is developed on

the Dip slopes of both the Upper Cretaceous and Eocene sandstone, It is
mainly found between Aiyetoro and Wasimi in Abeckuta Province, and also in

the basins of Ore and Berre rivers. The landform resulted from the dissection
and erosional stripping of the lateritised surface discussed above. Its
relative relief is about 150.200 feet. On the upper Cretaceous sandstone,
thick vesicular laterite occurs on the narrow interfluves, but on the

Eocene sandstone, the interfluves carry ferruginised material.



Frequency %o

Frequency °k

LATERITISED PLAIN(PARTIALLY DISSECTED)
FREQUENCY DISTRIBUTION OF STREAM LENGTHS
(INMLS)AND STREAM AREAS(IN SQ.MLS)

R. Qyo

50 1 Length 1St order streams Area 1St order streams

251

. Bageet

XD a 8 2 160 0 2 -6496 1B K0 192204256

N =79 X=0-81 ; :
50 Length 2Ndorder streams Area 2nd order streams
B
51 |
-
0 -
04 8 1216202428 012 34 56 78
N<17  S«1-08 STCEV-O: 717 N=17  Xw=2:46 STDEV-2+11

FiG.24



103

In the Aiyetoro.¥Wasimi area, the landform is intensively dissected by
the tributaries of Ogun and Yewa and in several places, the basement complex
rocks below the sandstone are exposed, In spite of this dissection,

remnants of an old erosion surface are still preserved on the interfluves by

the vesicular laterite at 475feet.528feet, A younger surface at 275feet.
380feet is developed along the valley floors and valleybenches which are
often covered by detrital laterite., On th¢ [ocene Sandstone south of
Ilaro, the same pattern of surfaces occur, The upper surface is preserved
on interfluves at 250feet.300feet while the lower surface occurs at
125feet.250feet on wide valley benches,

Unit landforms in the dissected and stripped landform consist of the
upper laterite covered, narrow interfluves, followed by the free faces
formed by the vesicular lateritic outcropa, Lateritie outcrops cover about
10% of the landform., The straight valley slopes below the lateritic outcrops
vary from 3° . 7° and these are often followed by wide valley benches §° P

3° The valley floor is very wide and often maentled by thick alluvial

deposits,

Several 4th order streams are found in this landform and six of the
drainage basins were analysed, The hypsometric integral and the hypsometric
curves of the drainage basins are shown in Fig., 285, The former varies from

32,4% for the basin of Onigbongbo river to 45.0% for the basin of Berre
river indicating a mature dissection of the landform, The Drainage Density
is low, ranging from O.8 for the basin of the Eripa river to 1.2 for the
basin of the Iju river, Stream frequency is low, about 1 per sq. mile,
The mean length of the i1st order streams varies between 0,60 mile to 1,14
mile, The length of overland flow varies from 0,4 . 0,68 mile}; while the

constant of channel maintainance is high varying from 0.9 - 1,0 8q, mile to
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1 mile of stream channel. These stream properties are summerised in Fig. 26,
and in table 18, The stream properties are much the same as for river Oyo,
on the clder landform to the north, and further reflect the porosity of both
the Cretacecus and Eocene Sandstones,

Table 16 Morphometric properties of some 4th order rivers on the
Dissected and Partially Stripped Etchsurface

Stream

Riv#ra Rock Typn.‘Order Ns Eia:)(:ig-)Nll %%1!.32?%:)B.R. Dd Dd1 ggg) (2} 4 %ﬁgf)

Eripa Upper Cretac. 4 36 85,28 66,84 26 1,14 1.27 331°0,78°0.894'1,276 0.442 0,638

eous sandstone

Onigbongbo % 4 31 29,77 32,00 22 0,78 0.75 2.9 1,756 1,04 0,931 1,07 0,468

Owiwi " 4 37 36.11 39,28 26 0,75 0,6033,081,1191,283 0,894 1,064 0,468

Berre Eocen sandstone 4 72 70.95 77,80 57 0,69 0,71 4,0 1,0960,979 0,612 1,015 0,456

Ore " 4 121187.62187.2 99 0,91 1,01 4,260,9670,912 1,002 0,77

Iju " 4 158128,54187,08 128 0,71 0,60 5.2 1,22 1,186 0,819 1,23

0,501

0,408

Zone of Dissection and Partial Stripping This landform occurs east of

Abeockuta at the contact zone between the upper Cretaceous sandstone. and the
pre Cambrian basement rocks. The sandstone is dissected by the tributaries
of Ogun, Ona and Ibu rivers into well spaced mesas with tabular surfaces
covered by laterite, The local relief is between 150 feet and 250 feet, The
laterite is exposed as flat pavements on top of the erosional remnants, The
basement complex rocks outcrop over a wide area near Abeokuta,

Field investigation shows definite surface remnants on top of the
sandstone residuals at 400.550 feet, Unit landforms are composed mainly of
laterite covered mesas and the valley alope. The free face of the vesicular
laterite on the residusls is rarely seen as it is often masked by a
replacement slope composed of laterite rubble, The steep slopes of the

residuals near Abeokuta vary from 100 - 25°. Below the steep slopes are long
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footslopes 20.60 on which ferruginised materials and recemented laterite
occur, These footslopes are often intruded by low convex rock ocutcrops,
Lateritic outcrops cover about 10% of the landform area, but the individual
rock outcrops are small and their total area is negligible.

Only two 4th order streams occcur within this landform, R, Oy2d south of
Abeokuta and a tributary of R, Ona north of Ijebu Ode area, The hypsometric
integral of the Oy2 basin is 47.,3% and that of the Ona basin is 38.6% (Fig.
23), The former is not truly representative because of the large flat
topped residuals within the basin, while in the basin of the Ona tributary,
the residuals are small and conical, The hypsowetric intoﬁral of the Oya
indicates an early mature dissection, while that of the tributary of the
Ona indicates a late mature dissection,

The landform is well drained probably becauyse the removal of the porous
sandstone leads to more drainage development on the relatively mon porous
underlying basement complex rocks, Drainage Density varies from [(.{1 for the
Oya basin to 1,92 for the basin of the Ona tributary., Where dissection is
still not well advanced,the ist order streams are long, with a mean length
of 1,2 miles for the Oya river, but they are relatively short, 0,6 mile, for
the Ona tributary (Fig. 27). Length of overland flow variea from 0,26 mile
in the well dissected section to 0,48 mile in the poorly dissected section,
Stream frequency is low, 0,76, in the latter, but high, 2,64, in the former,
The constant of channel maintainance is 0,91 sq. mile to 1 mile of drainage
line within the Oyo basin, and 0,521 sq, mile to 1 mile within the drainage
basin of the Ona tributary., These drainage characteristics are summarised in

Table 20,
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Table 20, Morphometric properties of some 4th order streams within
the zone of Dissection and Partial Stripping
T Stream -
River Rock Type order Ns=A =L NS1 xL1 XA1 B.,R. Dd Dd1 CCM Sf L of
(sq, (mls,) (mls,) (=q, (8q. (mls.)
— mls,) nls,) wnls,)
Onatrib Upper Cret. 4 69 26,16 50,24 53 0.6 0.35 3.8 1,92 1,72 0,521 2,64 0,261
aceous sand.
stone and
Oyo basement 4 40 52,41 857.68 31 1,22 1,08 3.4 1.1 1,13 0,91 0,76 0,458

complex rocks

Aggraded Plain This landform occupies the Ewekoro Depression discussed in
Chapter 4, The depression was formed probably as 8 result of faulting
which also led to the formation of the Eocene scarp to the south, The
depreasion was covered by a shallow lagoon in the Pleistocene . Quarternary
period . (Moss 1961), and the thin shale found within it confirms this
opinion, Since its formsation, it has served as a basin of deposition for
materials eroded from the scarp of the Eocene sandstone and from the dip
slope of the Upper Cretaceous Sandstone., The drainage and surface
configuration were discussed in Chapter 4.

Partially Dissected Coastal Plain This landform has been discussed in

Chapter 4 and will not be repeated here.
On the basement complex, the landforms are:

Partially Stripped Etchsurface This covers the largest area of all the

landforms, It extends northwards from the base of the Upper Cretaceous
escarpment to the northern boundary of the area in the west at Dalomey
boundary., It has been called an etchsurface rather than an etchplain because
of its surface configuration which is highly irregular. Local relief on it
varies from moderate to high, about 100 feet to 350 feet, The landform ias
mainly devalopea on migmatites and schists, but quartizitic ridges are common

on it,
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There are few rock outcrops, In an area of 250 sq, miles around
Ilugun, onlf 0,66% of the area is covered by rock outcrops, and 1.2% formed
by quartizitic ridges., Around Ibadan, O0,8% of the surface is covered by
rock outcrops and 8% forﬁod by quartizitic ridges.

The degree of rock weathering on the surface varies from area to area,
For instance near the Upper Cretaceous esarpment, the weathering profile
is truncated and consists of about 3 feet of upper sandy, clayey red soil,
below which is a 10 foot pallid, whitish grey zone, overlying partially
weathered gneiss. In most places where the weathering prefile is not
truncated, it is often shallow, but deep basins of weathering are also
common, Along Ijebu Ode . Idi Ayunre road, all the complete weathering
profiles examined were less than 30 feet in depth, A typical weathering
profile on an interfluve would be an upper 30 ins, of soil composed of fine
clayey material and unsorted quartz fragments and concretions, seperated from
the mottled zone below by a layer of gravel 68 ins, thick. The mottled zone
is © ft, thick and ic composed of reddish brown clay. The pallid zone is about
6 ft, thick and is composed of gritty clayey material, whitish grey with
streaks of red, The pallid zone is sepqrated from the underlying gneiss by
a partially weathered layer of gneiss. From observations it appears that
weathering profiles on schists are deeper and contain more lateritic
concretions than weathering profiles on gneisses.

Unit landforms include the quartizitic ridges with their steep sidesj
these ridges invariably form interfluves, The ridges are covered by thin
layer of flaggy quartzite fragments, The weathered convex interfluves cover
about 28% of the landform area, Massive vesicular laterite is rarely seen
on these interfluves, but detrital laterite and lateritic concretions are

frequently seen on the lower slopes, Few inselbergs and rock pavements occur,
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and most of them are under forest and often carry superficial regoliths., The

1nlelb¢r§l are low, often less than 180 ft, above the local surface, Below

the quartzitic ridges, moderately dissected footslopes, 2° - 5° occur, and

these lead to the valley slopes below,

The valley slopes are mainly concavo.convex, and show no important slope
breaks, Valley heads display a remarkable amphitheatre.like appearance as
seen around lbadan, and this shows that rejuvenation has progreassed to
the head of these rivers,

Sev.ral 4th order streams occur withim this landform, but only four
of them ogzcur largely on uniform rock types., Two were selected from
nigmaatite and two were selected from schist areas, The hypsometric integral
of the drainage basins are uniform (Fig, 28), Where there are no ridges
within the drainage basins, the hypsometric integral varies from 43,2% -
46,5% indicating & mature dissection, but it is lower . 31,5% in the basin
of Oso river where there are hills and ridges,

The landform is generally well drained, but the drainage varies from
rock type to rock type. On migmatite it varies from 1,7 - 1,9, while it is
about 2 or schiat, osi.vas frequeacy is higher on schist, 2.6 -~ 3 than on
mignatite, 1,9 . 2,6, The mean lengths of the st order streams on schists
are shorter 0,55 mile than on migmatite 0,68 . 0,73 mile (Fig. 29), The
length of overland flow on schists is also shorter 0,28 mile than on
migmatite 0,275 .. 0,296 mile, The constant of channel maintainance is smaller
on schists 0,46 . 0,52 8q, mile than on migmatite 0,58 .. 0,855, The slight
differences noted in these drainage properties on the different rock types
reflect the different lithology and structure of the rocks, Schists are

weathered relatively faster than migmatite, and the weathered residue of

schists is mainly clayey and non porous while that of gneiss is sandy., It
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is possible that streams would develop relatively faster on the weathered
residue of schists than on migmatite, The morphometric properties of the
streams are shown in Table 21,

Table 21 Morphometric properties of some 4th order streams in the

Partially Stripped Etchsurface =

Stream Rock Type Stream Ns = A =L Nsi XL1 XAt B.R. Dd Dd1 CCM Sf L of
Order (sq. (mls,) (=ls.)(8q, (sq. (mls.)
mls,) rls,.) mls,)

Ouigbodogi Migmatite 4 183 94.82°'160.04 143 0.656 0,42 5.5 1,69 1,84 0,59 1,83 0,296

oy Migmatite 4 138 73,03 132,92 108 0,73 0.42 4.8 1,82 1,73 0,56 1,89 0,275
Opebi Schist 4 133 43.11 93,88 108 0,886 0,29 4,8 2,12 1,91 0,4803,0180,243
Abafoa Schist 4 185 73,87 141.38 140 0,52 0,33 5.4 1,9131,81 0.5232.49 0,285

Dominantly Stripped Etchplain This landform is found mainly around Oyo,

and Ado.Awasiye.ljio.Iseyin area (Fig, 22), The two areas are separated by
the etchsurface around ]Iseyin,

The landform is developed mainly on migmatite and to some extent onm
schist, The local relief is low around Oyo being 50.100 feet, and moderate
between Ado Awaiye and l1jio area at 50.150 feet, hence its designation as an
etchnlain, Over most of the landform, weathering depth is shallow. The
percentage of rock outcrops within the landform varies from area to area,
but generslly a large part of the basal surface of weathering 1s exposed on
the landform., In the Ado.Awaiye.ljio.lseyin area, the rock outcrops are
larger and much more frequent (Fig. 22) and cover 6.55% of the area,
compared with 2,6% arouhd Oyo. Rock outerops occupy a larger percentage of
the landform than revealed by the above figures because geveral low rock.
outerops, not eiaily identified from airphotos, occur over a large are‘.

Important landform units include the gently convex interfluves on which
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detrital laterites frequently occur., On the amphibolite schist near

Igangan, vesicular laterites are occasionally seen on the interfluves,
Inselbergs are common, and are high, usually 100.400 feet above the local
landsurface, although they may be up to 700 ft, to 1057 ft, above the local
surface as at Ado Rock and Ilele Hills, Low rock pavements are common
especially on interfluves, Corestones and tors are rarely seen in the
mignatite area, but are common on the syenite near Oke.lho, Footslopes
around inselbergs are gently sloping, *o - 70, but are often intruded by

low rock outcrops, The footslopes are long where the inselbergs are located
on interfluves, but short where inselbergs are located on valley slopes. The
valley sides are gently inclined, with maximum valley slope less than ﬁo. and
are often covered by laterite concr#tion!. They show no evidence of
multicyclic incision,

Few 4th order streams occur within this landform, The hypsometric
integrals of the drainage basins vary from 24,5% . 32.3% (Fig. 30) showing
the monadnock stage of landform development discussed by Strahler (1952),
The hypsometric integrals reveal that landform dissection has reached the
old age stage when monadrocks (inselbergs) become frequent within the
drainage basins, The landform is well drained with drainage density
approximately 1.9 in all the drainage basins., Stream frequency varies
between 2.3 per sq, mile, The mean length of the 1st order streams is about
0,55 mile (Fig. 31) while the length of the overland flow is about 0,26 mile,
All these indicate that the landform is well dissected and eroded., Some

properties of the drainage basins are shown in Table 22,
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Table 22 Morphometric properties of some 4th order rivers on the

Dominantly Stripped Etchplain Y o

Rivers Rock Type Stream Ns 4 A . L  Nsi xLi XAt B.,R.Dd’ ' Ddl CCM Sf L. of
Order (sq. (mls.,) (mls.) (mq, (sq. (mls.)
mls,) mlse,) mls,)

Itosi Migmatite 4 98 35,03 68,48 72 0,65 0,32 4,3 9.91'1,73 0,526 2.73°0,263

Oyan. Schist 4 101 42,86 80,02 80 0,57 0.33 4.4 1.87 1,73 0,536 2,36 0,268
trib, ;
Omi Schist 4 187 64,26 122.8 123 0,58 0.30 6.1 1.91 1.87 0,523 2.44 0,262

Dominantly Stripped Etchsurface This landform is developed on quartzite and

schists around Iseyin and north of Iwo, and on granite in Abeokuta, Eruwa.
Lalate, and ldere.Tapa areas, It is a landform that particularly demonstrates
the effects of differential weathering and erosion, In Iseyin area, the
schigts have been deeply weathered and are occupied by broad valleys while
quartzite bands stand out as N.S trending ridges, North of Iwo, the
quartzites form elongated high ridges and high hills. In the granitic areas,
the landform is characterised by large whalebacks and inselbergs.

Local relief on the landform is high being about 180.350 ft, in Iseyin
area, over 700 ft, north of Iwo, ngd 300.500 ft, in ldere.Tapa area, No
evidence of erosional surface remnants have been seen, but small local surfaces
are preserved on granitic area at Euwa.lLalate area, Weathering depth is
shallow and the profiles are otteﬂ truncated, In Abeokuta and ldere.Tapa
area, the top soil is thin and sandy, and below the soil is a zone composed Oiv
whitish grey material in which hydrated felspar and quartz fragments
predominate, In several cases, the structure of the underlying granite is
still well preserved in the weathered material above the parent rock, In

Iseyin area, the quartzite bands oftem outcrop over a wide area as the

weathered material above them is thin,
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Major landform units include the large monolithic domes which vary froa
200.600 ft, above the local surface in Idere.Tapa area, but are lower in
Eruwa.Lalate, and Abeokuta area, The domes are frequently covered by rock
blocks, Tors, corestones and rock pavements are frequent and in places, form
a continuous rock surface, In ]Jdere Tapa area, rock outcrop§ cover 30%
of the whole landform, in Abeokuta, they occupy 20% of the landsurface, and
in Eruwa.lalate area comprise iz% of the landsurface, Valley slopes consist
mainly of footslopes of the inselbergs and their maximum inclination is
4° - bo. The valleys are broadly "V" shaped in cross profile except where
modified by recent incision, In Iseyin and north of Iwo, the quartzitic
ridges occupy 22% and 26% of the landforms respectively. In all the areas,
no lateritic outcrop is seen, but hardpeane are frequently seen in Abeokuta,

No 4th order stream is seen here because the landforms are relatively
small, consequently a third order stream was analysed. The hypsometric
integral of the Obomobe basin is 30,2% (Fig. 30) which shows a late
maturity to old age dissection of the landform and particularly indicates
the presence of erosional residuals, The landform is well drained with
drainage density of 2.?1. Stream frequency is high, 2 stream segments per
sq, mile., The length of overlandflow is less than 1000 ft, The high
drainage density, stream frequency, and the low figure of the length of
overlandflow are due to the fact that the landform containa several
contiguous bare inselbergs which allow rapid surface runoff, The 1st order

streams hardly exceed 0.7 mile (Fig. 32) The morphometric properties of the

river is shown in table 23,
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Table 23 Morphometric Properties of R, Obomobe

River Rock Type Stream Ns =A =L Nsi XLi XAt B.R. Dd Ddi CCM <*Sf° . L .of
Order (sq, (mls.) (mls, )(sq. (sq. v (mls,)
mls.) mls,) mls,)

Obomobe Coarse 3 30 10,48 28,4 23 0,7 0,32 5.9 2,71 2,18 0.3773&.15 0,189
Porphy.
ritic
Granite

Discussion on the Morphometric properties of the Drainage Basins of the

different landforms

A summary of the means of some drainage properties (Table 24) indicates
the differences in the intensity of erosional activities within the drainage
basins of the different landforms,

Table 24 Means of the Means of some properties of Drainage basins

within the different landforms

Lanforms (mls) (8q. mls,) (nls,) (mls,.) Hyps.
xL1 xA1 Dd CCM 8¢ L.of Integral

Sedimentary Aresa
Partially Dissected Lateritised Plain 0,81 0,76 1.1 0,9 0,994 0,449 48,.6%

Dissected and Partially Stripped

Zone of dissection and Partial

Crystalline basement Area

Partially Stripped Etchsurface 0,805 0,365 1.9 0.5312,08 0,267 40,25%
Dominantly Stripped Etchplain 0.56 0,32 1.9 0.5282,51 0.264 27.9%
Dominantly Stripped Etchsurface 0.7 0,32 2.71 0,3772.13 0,189 30,2%

The most important point is that the properties of streams developed on the
sedimentary areas are different from those developed on the crystalline

basement, although the hypsometric integral of the partially stripped
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etchsurfaces in both areas are identical. This can only be explained by
the differences in the structure and lithology of the sedimentary and
crystalline rocks.

However, the most significant point about these landforms is that they
are produced by deep weathering and erosional stripping irrespective of
their underlying feology. For instance a deeply weathered lateritized
surface is present on the crystealline basement on the primary watershed
north of Shaki, and is also present on the Cretaceous Sandstone as discussed
in this chapter, On both the sedimentary and the crystalline rocks, the
deeply weathered, lateritized landforms, have low drainage density, low
stream frequency, and the 1st order streams are long. This is so because in
both areas, whatever may be the nature of the regeclith, the surface laterite
precludes the development of surface drainage, Once dissection increases in
both areas and the surface laterite is removed, the differences in the rock
character will become apparent on the drainage development, Thus more
streams will be developed on the basement rocks than on the sedimentary rocks,
As erosion continues, and more basal surface of weathering is exhumed,
drainage density and stream frequency will increase at varying proportions
on the different rocks.

It can thus be concluded that the eveolution. of the weathered and
eroded landforms of South Western Nigeria dependson the nature of the
rocks, the amount of weathering on the rocks, the pattern of drainage
development, and the base level changes that initiated differential
erosion within the drainage basins developed on the different landforms,

Of some importance are the effects of the different vegetation covers and
the past climatic changes in affeciiug the evolution of the different

landforms,
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CHAPTER 7
EROSION SURFACES

In chapter 6, it was mentioned that there are no widespread erosion
surfaces in South Western Nigeria, This will be examined further in this
chapter, An erosion surface has been defined by Rich (1938) as a surface of
very low relief, often featureless, produced by sub aerial erosion. Geyl
{1961) decribes it as an area of relatively flat land formed by the process
of normal erosion during a period of baselevel stability, the surface which
stands above present baselevel, is in a process of destruction by
retrospective erosion, The concept of erosion surfaces in the literature
suggests that such surfaces are usually flat land, but it appears that such
flat surfaces cannot be found anywhere, There are also arguments about
the processes involved, the manner in which these surfaces were formed,
and how these surfaces can be :ci.:.nined on the field and on maps.
Basically, erosion surfaces are said to be produced by peneplanation
(Davis 1902) or by pediplanation (King 1983), The prescnt chapter aims at
reviewing some current literature on erosion surfaces in Western Nigeria,
and in Nigeria as a whole, examining the methods used to determine these
surfaces, and then discussing the surfaces identifiable in South Western
Nigeria using field evidence and morphometric analysis,

Pugh (1955) used superimposed profiles, derived from the 1:125,000
map series of Nigeria, to demonstrate the presence of four erosion surfaces
in parts of Western Nigeria and advanced a theory that these surfaces were
produced by pediplanation and scarp retreat operating from the coast into
the interior following changes of base level. Later, in 1968, he modified
his view by stating that scarp retreat could proceed from the valley lines

and not directly from the coast. Pugh maintained that these surfaces are
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are seperated by cyclical scarps e.g. Oke.lho scarp, or by belts of dissected
land which he identified a3 stretching from north of Meko, eastwards to the
ibadan area, Pugh gives the impression that the four erosion surfaces which
he recognised in parts of Western Nigeria occur in a stair.case pattern with
the three upper surfaces occuring as bevels on inselbergs or as intermontane
plateaux, He advanced the theory that inselberg bevelling may be produced
by "a flattening of the external face in the case of smaller domes or in
form of saall 'intermontane plateaux' in the larger masses”, His

conclusion was that the older erosional surfaces in Western Nigeria have
been destroyed as a result of repeated tilting towards the coast and the
reduction of the land surface by scarp retreat northwards from the sea and
southwards from the Benue trough.

This work deserves close examination because it is the only one
purporting to recognise the overall pattern of erosion surfaces in Western
Nigeria. The use of superimposed profiles for identification of these
surfaces is open to question, The 1:125,000 map series of Nigeria are
extremely inaccurate and sketchy with the contour lines imposed
according to a few accurately determined spot heights., Superimposed
profiles are useful in demonstrating the graiun of a terrain, but are of
marginal value in determining the existence of erosion surfaces. Several
geomorphologists have objected to this method e.g. Rich (1938) who noted
that "the projection of hill tops, ridges and sloping surfaces in both
foreground and background on to one vertical plane, unduly emphasises the
appearance of horizontality, hence it is as deceptive as a view from a hill
top with its accompanying psychological errors"™. A similar warning was
given by Craft (1933) when he wrote that "the characteristic feature of

the scenery as an even skyline which gives an appearance of horizontality
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is often deceptive as changing distance and perspective mask uncdulations or
gradual slopes over a long distance",

The Oke~lho scarp is taken by Pugh as a cyclical escarpment seperating
two different surfaces, such a cyclical escarpment, if the bevelling theory
is to be believed, must not mark a petrological boundary., The Oke.lho scarp,
however, is a structural scarp formed by the differential weathering and
erosion of the syenite foraming the scarp and the local amphibolite and
schists surrounding the syenite.. On its western and southern sides, it
forms a continuous rock surface marking a discontinuity between the syenite
and amphibolite and schist, There is also a structural scarp at Eruwa
which marks a petrological boundary between granite and aschist,

The pediplanation and bev?lling theories, involving either a retreat
of cyclical scarps from the coast or along the valleys, take mno cognizance
of the importance of deep chen.cai .:athering and differential erosion in
Western Nigeria, In the humid tropics, if cyclical scarps are produced
in a weathered regolith, they will be quickly destroyed unless a
resistant caprock like laterite develops on the regolith to prevent the
rounding off of the top of the scarp. If a cap rock does develop, erosion
will undermine it, especially lateral stream erosion and spring sapping;
the slope below the caprock will be steepened and will retreat parallel to
itsell, The scarp will thus be preserved till the lateritic cover is
completely destroyed. Where no caprock develops, rilling and free flow
of runoff coupled with soil creep will destroy the upper slope, the slope
will lose its steepness and be replaced by a flatter slope, Thus the
pediplanation theory can only be sustained where laterites develop
extensively on a flat or gently nlﬁping, deeply weathered initial surface,

This was demonstrated by Ollier (1959) in Uganda,
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The bevelling of inselbergs mentioned by Pugh does not appear to be of
any cyclical significance, BSuch bevels can be formed where vertical joints
in inselbergs open up, as a result of physical tension, leading to a
collapse of the dome in a process whereby an ingelberg is transformed into
Castle Kopje (see Chapter 9), Ollier (1961) explained that a series of
bevels on an inselberg can be produced by a succession of unloaded sheets,j
with each sheet leaving a basal step after its destruction, The 'intermon.
tane plateaux' bevelling noted in Oke.lho area by Pugh, can also be
explained as a result of differential westhering and erosion along
converging joint planes as observed by Thorpe (1967). Some inselbergs in
Western Nigeria e.g. Ado Rock, exhibit bevels on their sides, but several
others like llele (1057 ft,)*, Agidan (250 ft,) and Aseke (225 ft,)
developed in granite, and nigmatite.do not show bevels on their convex surfaces
which extend from the aunmii to the base (Plate 22), The concept of
inselberg bevelling is therefore difficult to sustain on the basis of
observations made in South Western Nigeria,

The wmost important factor that can lead to notching at the base of an
inselberg is deep weathering and erosion, undercutting the feature., Deep
chenical weathering occurs due to the large ~mount of surface runoff from
the face of the inselbergs., When the weathered regolith is removed, an
inselberg may have a deep recess at its base or its lower face may be st-
eepened. This does not suggest that inselbergs' surfaces retreat parallel
to themselves, and thus the cbservations by Pugh appear inapplicable to
South Western Nigeria.

Moss (1961) used lateritic outcrops on crest bevels and on valley
benches, and slope breaks on valley cross profiles to recognise four local
erosion surfaces on parts of the Northern Upland, Southwest of Abeokuta.

The surfaces stand at 210.250 ft,, 340.360ft., 430.470ft, and 510.525ft,

* Their heightse are given above their local surfaces,
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On the Southern Upland, he recognised five local surfaces at 1°20.185 ft,,
225.278 ft,, 330.380 ft,, 3965.418 ft,, and 450.475 ft, The altitudinal
intervals between these surfaces vary from 38 ft, to 70 ft, The recognition
of surfaces at such close intervals must require accurate levelling.

De Swardt (1953) recognised three surfaces 1n:§10lhl areat the Older,
the Intermediate and the Younger surfaces, He did not mention the
mltitude at which these surfaces occur, but he disclosed that the interval
between them is about 100 ft, The older surface is capped by'prinnry
laterite while the intermediate surface is covered by detritel laterite
derived from above, and the younger surface is found along the streams,
These surfaces are separated by scarps, and De Swardt ascribed their
formation to base level changes following changes of climate in the past,

Wigwe (1966) used evidences from knickpoints along valley long
profiles, and breaks of slopes oun -.lley crossprofiles together with
morphometric analysis to identify six surfaces in parts of Western and
Northern Nigeria, The surfaces occured at 500.530 ft., 950.1000 ft.,
1000.1050ft,, 11580.1200 ft,, and 1300.1400 ft, He ascribed these to
baselevel changes and climatic changes,

Clayton (1938) recognised five surfaces in Kabba Provincet the Post
Gondwana surface which he identified from six peaks at about 2000 ft., the
African surface of Pre Miocene age at {200.1400 ft., the Niger surface at
750.900 ft., and 800.1200 ft,, and the lowest surfaces at 400 ft, and 230 ft.
He mentioned that the African and Niger surfaces were developed across wide
concave pediments covered by thick layers of ironstone, The surfaces are
seperated either by scarps or by dissected zones, Clayton did not explain

how these surfaces were formed, but from their descriptions it would

appear that these surfaces are pediplains,
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For Nigeria as a whole, several erosion surfaces have been recognised,

King and Pugh (1952) recognised the Gondwana surface preserved on the

Younger Granites on Jos Plateaux at 4000.56800 ft; the Post Gondwana surface

preserved on the Fluvio.Volcanic series in Jos district at 3600 ft., to

4700 £t} the African surface at 2200.2500 ft., and the Post African surface

at about 1600 ft,

King (1962) further recognised four degrational surfaces

and two aggradational surfaces in Nigeria; the Gondwana and Post Gondwana

of Jurrasic.Cretaceous age on the Jos Plateauj the African surface of early

Tertiary on the Hausa Plains and the primary watershed of Western and

Eastern Nigeriaj

the Post African surface of late Tertiary identified on the

basement complex of Westernm and Northern Nigeria, and the Congo surface of

the Quaternery age found along the major rivers of Nigeria.

King identified

a Post African aggradational surface on the Cretaceous and Eocene sandstones,

and a recent aggradational surface along the coast.

The various surfaces identified by these authors cannot be correlated

from one part of the country to another becsuse they were recognised at

different localities and on different rock types.

summarised in table 25,

Table 28

Moss R.P., (10661)

Erosion Surfaces in Ni.geril

Wigwe G, (1968)

These surfaces are

Clayton C.,D, (1988) King L.C., &

Pugh J.C.
(1952)
Northern Southern Part of Western & Kabba Province Nigeria
Upland Upland Northern Nigeria

Altitudes (ft) Altitudes (ft) Altitudes (ft)

Altitudes(ft) Age Altitudes (ft) Age

510.528

430.470

340.360

210.280

480475

398418

330350

225.278

120.158

1300..1400

115801200

10001080

$80.1000

78Q. 860
500. 6850

Over 2000

1200.1400

800..1200

760. 800

400
280

Post 4000.. 58000 Gondwam
Gondwana - Jurrasic
Afrieaic 3600.4700 Post
Pre Mio. Gondwana
cene s Cretaceous
Niger 2200.2800 African..
Early
Tertiary

1600 Post African.
Late Tertiary

ie
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From the abundant literature on erosion surfaces it appears that the
recognition of surfaces depend, more or less, on the following pointsi.

i. nalociaéion of particular types of laterites with specific

surfaces . De Swardt (1946, 1953).

i1, association of stone lines with erosion surfaces . Ruhe (1956),

iii, seperation of surfaces by cyclical scarps or by zones of dissection}
such scarps often show the typical waxing slope, the fri; face, the
constant slope and the waning slope .. Pugh (1958), King (1983) and
Pallister (1952),

iv., surfaces are limited to the divides of the major rivers and are
seperated by slopes varying from 45 . 60° . Ruhe (1966).

v, old surfaces are found as remnants on hills and ridges, so that

accordance of summits on different rock types show that such
summits are remnants of a surface . Pugh (1968).

vi, the above are supplemented by analysis of the longitudinal and
cross profiles of valleys, with breaks of slopes unrelated to
litheclogical and structural control used as diagnostic of cyclic
and epeirogenetic events., Morphometric analysis from maps is also

carried out to demonstrate the presence and nature of erosion
surfaces,

The above criteria for recognising erosion surfaces have various
limitations, It is quite possible that erosion surfaces may be preserved
where ferruginous material (laterite) has developed on deeply weathered
rocks .. Crosbie (19566), BSteep scarp slope can develop below such caprocks
as mentioned earlier in this chapter. The steep slope will retreat parallel

to itself while the caprock exists, and a newer surface will develop below,

Such surfaces are not necessarily flat, and they alwmost invariably slope
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in the direction of the drainage lines, This relationship between lateritic
occurence and sloping surfaces is observable in South Western Nigeria on

the Cretaceous and Eocene Sandatone. The fact that surfaces always slope
towards drainage lines means that accordance of summits does not appear to
be of much use in recognising erosional surfaces., Hill tops, ridges,

spurs and shoulders are subjected to differential weathering and erosion
within an erosion cycle, and they are bound to suffer differential loss

of altitudes not easily calculated., The amount of differential lowering
will depend on the nature of the rock concerned and its resistance to
weathering,

Stone lines can occur in relationship to erosion surfaces. This happens
where the ferruginous material covering an upper ercosion surface is broken
up and its fragments Zeposited on the newer surface below. The fragments
are later covered by colluvial material from the upper surface and are
buried within the soil profile on the lower surface. But there are other
factors responsible for the formation of stone lines, Stone lines are
frequently found where quartz veins that are not weathered persist in the
scil profiles especially in areas of gneiss and schists., The veins are
broken up énd move downslope under the migratory soil layer on the slope.
Thus stone lines by themselves are not always djagnostie of erosion
surfaces,

What perhaps makes the recognition of erosion surfaces diffieult in
South Western Nigeria is the nature of the landsurface coupled with the
effects of differential weathering and erosional stripping. South Westernm
Nigeria is composed of several rock types, and the whole area is tilted
towards the sea, As noted in Chapter 2, the crystalline rocks of South

Western Nigeria was srched up in the 'hiocene period along the present
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primary watershed north of Shaki between streams flowing to the sea and streams
flowing to River Niger, so that inherently the land surface slopes from north
to south, The effect of deep uoathoring and erosion on the different rock
types of the inclined surface is the production of a complex assemblage of
landforms referred to as etchsurfaces and etchplains in the preceding

chapter. Herice thens ~an be no question of any flat erosion surfaces

existing in South Western Nigeria, Recognition of erosion surfaces is best
done from area to area by intensive field work and the results lynthetised

to give a regional pattern. In this study, local recognition of surfaces

is based on field evidence supplemented by morphometric analysis from maps.

Field Evidence j

South Western Nigeria covers approximately 9,000 sq., Miles and it was
impossible within the available time to cover it all by traverses. Evidence
was collected from areag of detailed field work shown in Fig, 2. This was
concentrated on the Northern Upland, the Southern Upland and some localities
on the crystalline basement, On the sedimentary rocks, investigations were
based on an area of about 100 aq. Pile- around Meko, some 150 sq, miles
around Aiyetoro, and another BO sq, miles around Ilaro, In Meko and
Alyetorc district, 50 traverses were recorded from the river lines to
interfluves especially along the rivers Irori, Igboori, Oyo, Afon and Yewa.
8§v9r11 traverses were recorded across the Cretaceous escarpment to the
north, I ilaro district 10 traverses were recorded across the Eocene
escarpment and 10 from river lines to the interfluves,

Along the traverses, important breaks of slope on the valley cross
profiles were noted, and the causes studied especially where they are
associated with ferruginised materinl, The altitudes at which these breaks

occuf were measured with altimeters, The data were them plotted and



124

correlated from one area to the other to determine the presence or absence of

erosion surfaces,

On the crystalline basement area; four areas totalling, about 800 sq.

miles were investigated in Oyo.Fasola, Ibadan, Igbovri, and Eruwa.lalate
districts, Similar methods were used., Valley benches on the ;ry-tnlltna
basement prove to be so narrow that they are virtually ul&lﬂl!%lﬂ determining
c¢yclical changes along the streams, The majority of the VIIIQIIIIODQI are
either convex.concave or straight, Detrital laterites are commonly found on
these sloping valley sides, but vesicular laterites are infrequent on the
interfluves, The implication is that vesicular laterites are usually
associated with an older surface whether such a surface is flat or sloping;
detrital laterites are associated with lower surfaces. This relationship
holds good on the sedimentary rocks, but on the crystalline rocks, no such
association was seen,

Analysis of the data on breaks of slopes on valley crossprofiles and
the associated ferruginised material suggests the presence of two local
erosion surfaces on the Cretaceous Sandatone (Fig. 33). The upper surface occurs
on the divides of the streams flowing on the dip slope of the Cretaceous
Sandstone and the obsegquent streams flowing on the scarp slope of the
sandstone, The surface slopes from about 800 ft, near the scarp north of
Meko to 800 ft, south of Meko at a gradient of 156 ft, per mile, It also
slopes in a NNW . SSE direction towards the Ogun river, North of Aiyetoro
this surface occurs at between 400.600 ft, sloping N.S. The surface is
terminated to the north by the scarp of the Cretaceous Sandstone, and to the
south by the steep valley of the Yewa and a narrov zone of dissection between
the Yewa river and Aiyetoro., The same surface occurs east of the Ogun river

south of Abeokuta to Ijebu Ode area at an altitude of 300.580 ft, Here it
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slopes mainly in a N.8 direction and is terminated by the depression formed
by the convergence of the valleys of lbu, Ona, and Ewekoro depression,

Below the upper surface, a lower surface has developed as a ssall plain
south of Meko, but mainly as wide valley benches and narrow interfluves
between the Ogun and Yewa rivers, The valley benches in the areas traversed
are 800.1500 ft, wide, sloping at 2% _ 6&0 towards the rivers. The altitude
at which this surface occurs u:;;fgron one area to the other, in Meko area,
it occurs at 475.650 ft,, south of Meko it is 300.800 ft,, but near
Aiyetoro it is at 278.380 ft, The lower surface is seperated from the
upper surface by steep valley slopes.

On the Eccene Sandstone around Ilaro, (Fig. 33), three local erosion
surfaces were recognised, The uppermost surface occurs at 400.475 rt{ north,
and northeast of llaro at the head of streams flowing southwards on dip
slope of the Eocene Sandstone, The surface is ‘6rl1nnt.d to the north by
the Eocene socarp, and to the south by a narrow zone of dissection. The
two lower surfaces occur as valley benches near llaro, but southwards, the
intermediate surface occurs on broad interfluves at 230.385 ft, The lower
surface is found between 128.260 ft, Table 26 gives a summary of these

surfaces and their asgociated ferruginised materials,

Table 26 Local Erosion Burfaces on the Cretaceous and Eocene Sandstones,
Associated Ferrugi. Intermediate Associated Lowest Associated
Area Upper Surface nised Material Surface ferruginia. Sur. Ferruginz
ed Material face ised Mat.
_ — - erial
Northern 800'-800 ft, Hard Vesicular 478.8650 ft, Covered by - -
Upland 400 2600 fi, laterite cutecrops 300,500 ft, detrital
300'.550 ft. widely over the 275.380 rt. latorite
surface and laterite
o _ blocks
Southern 40C.475 ft, covered by ferrikgin. 2850.385 ft. Covered by 125..260 Occasion.
Upland ised sandstoune which small blocks ft., ally some
outcrops as wide and pebbles™ fragments—
pavements over the of ferrugin. of ferrug.
surf-no ised materisxl inised mat.
which are un. erial are
cemented dark, seen on
hard slags are this sur.
also common on face

the surface
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The various surfaces have been correlated over a large area because of
the particular material associated with each one, It should be noted,
however, that the vesicular laterite associated with the upper surface does
not outcrop as wide pavements between the Ogun and Ijebu Ode area, but occurs
mainly on the upper parts of valley slopes.

The relationship observed between local erosion surfaces and occurences
of laterites in the sedimentary area does not apply on the crystalline
basement vesicular laterites are absent on the interfluves. Breaks of slope
on valley cross profiles, often associated with the presence of lateritic
concretions occur at §10.660 ft, ‘n Itadem,area, 650.800 ft, between Oyo
and Iseyin, and at 478.580 ft. in Eruwa.lalate Eruwa, The data obtained are
too few and not comparable from one area to the other for use in determining
cyclical events on the basement complex, Nonetheless, small surfaces assoc.
iated with particular rock types do occur on the basement complex, Both in
Eruwa and Lalate area, small local surfaces are developed on weathered
granite, These surfaces are covered by detriin" laterite and in some places
strewn with corestones. They occur at 650.750 ft, and are seperated from
the surrounding areas by irregularly dissected escarpments composed of
partially weathered and unweathered granite,

Morphometric Analysis

Supplementary evidence was obtained mainly from maps, The methods
employed were: (i) analysis of stream longitudinal profiles to determine
the presence of knickpoints and examination of corresponding stream cross.
profiles to see whether such imickpoints coincide with breaks of slopes on
the valley sides; (ii) examination of the generulised contour map; (1ii)

altimetric analysis; a2nd(iv) areal analysis.
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Stream Long Profiles, Cross Profiles and Knickpoints

Knickpoints along stream courses can be produced in two ways, First,
grading of stream slope may be arrested due to resistant rocks alternating
with weaker rocks in a downstreaa direction, In t%is case the stream profile
will be irregular and the breaks are regarded as structural knickpoints,
Second, knickpoints are produced along stream long profiles where rejuven.
ation is progressing headward along such streams, The rejuvenation could
be triggered off by a negative change of base level, by uplift of the land
surface or by climatic changes, On a tilted landaurface, like that of
South Western Nigeria, knickpoints of this type will progress rapidly upstream
and may not be stable enough as base levels for the widespread development of
erosion surfaces, These knickpoints can only be protected from degradation
by the structural influence of hard rocks along the stream long profiles, and
in such cases they are of no use in deciding cyclical changes,

Breaks of slopes on stream cross profiles as a result of rejuvenation
are rapidly destroyed except where they are protected by the development
of laterite on the terraces, a&s in the sedimentary areas., The valleys become
convex.concave in cross profiles as seen on the partially stripped etchsurface
discussed in Chapter 6, In some cases where valleys are developed across
resistant rocks, as at Olokemeji, the terraces may not be rapidly destroyed,
and there is the typical “valley.in.valley" cross profile,

With the above limitations in mind, the long profiles of the Ogun
(Fig. 35) and its main tributaries, the Ona.Ibu system and the Yewa rivers
were analysed to determine the presence of knickpoints (Fig, 36). The
profiles were compared with the underlying geology to determine whether the
observed knickpoints were structural or cyclical, The summary of the

observations is given below, Knickpoints considored to be structural are
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marked with 'X', those that do not coincide with zones of hard rocks are

marked with 'C', The heights are given in feet,

Table 27 Knickpoints along the long profiles of the rivers analysed

River River River River River River River River River River River River RiverRiver.River
Ogun Ogba~ Ose Ope~ Oso Awon Oyan Ofiki Tridb Ona Onig- Omi Opebi Irori Oyo

ra ki ] bodc 51
200C - - 200C - - - - - 250C - 200X 200C 200C -
300X - - - = - 300X - - 400C 400C -~ - - -
800C 550C 550X - - - o 500C B800C B00X - 850C - - -
650C - 700X 680C 680C 680C - - - 700C - - - - 800C

The knickpoiﬁt at 200 ft, aiong the Omi is structural occuring where
the river cuts through schist into quartzite., Similarly the 300 ft. knicke
points on the Ogun and Oyan are structural occuring where the Ogun cuts
through schist into guartzite at Olokemeji, and where the Oyan cuts through
granite gneiss into augen-gneiss. The 850 ft, knickpoint along the Ona and
Ose are also itructural, the former where the river is dammed near Ibadan
and the latter where it cuts through a quartzitic ridge. The 700 ft. knicke
point along the Ose occurs where the river cuts through schist into quartzite
northwest of Ijaiye. The remaining knickpoints appear to be cyclically
formed,

Examination of the valley cross profiles where these kmickpoints occur
suggests that in some cases no significant break of slope occurs in association
with them. Significant breaks of slope occur where "valley=in-valley"
profiles of rejuvenation have formed. This is noticed at the 200 ft, knick-
point along the Ogun river near Iyanlo-Eruwa, along the Opeki and the
Opebi, and in each case, the "valley-inevalley" profiles are developed for
about 3-4 miles. There is alsc a break of slope associated with tue 250 ft,
knickpoint along the Irori near Aiyetoro, and along the Ona, with composite

cross valley profiles developed for three miles in each case, There is no
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significant break of slope related to the 300 ft, knickpoints along the

Ogun and Oyan rivers, The 400 ft. knickpoint is associated with significant
breaks of slope and well developed "valley~in~valley"” cross profiles along the
Ona for over 6 miles, but this is poorly developed along the Onigbodogi

river, There is & break of slope associated with the 500 ft. knickpoint
along the Ogun river for about 8§ miles. The 550 ft, knickpoints and their
associated breaks of slope along the Omi, and the Ogbara are confirmed on the
field, The 680 ft., knickpoint with its associated "valley-in-valley"” profile
was seen along the Ogun, the Awon and the Itosi rivers in Oyo - Fasola
district.

These knickpoints show that base level changes occured at infrequent
intervals in South Western Nigeria and each change was insufficiently stable
to pernit the development of widespread erosion levels on the basement
complex rocks, Nevertheless the knickpoints and their accospanying "valley-
in-valley" profiles suggest that sloping surfaces may occur locally at 200~
250 ft., 300=-400 ft., 800=-850 ft, and 650=700 ft., on the sedimentary and
crystalline rocks. These to some extent coincide with the sloping surfaces
found on the upper Cretaceous and Eocene Sandstones,

Generalised Contour iag

This was used in an attempt to reconstruct the whole landscape before
dissection took place., The method has been employed by King (1966)Ito show
erosion surfaces in the Howgill Fells area of the Lake District in England,
it eliminates all the minor dissection of the landscape and thus reveals
both the horizontal and the sloping surfaces. The main advantage is that it
gives a picture of the significant stages in the development of the land-
scape, but it does not offer conclusive proof, The most prominent

limitation is the subjectivity required to eliminate the minor valleys,.
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All the same it has value in indicating the nature of surfaces present in
a tilted area such as South Weatern Nigeria (Fig. 7). It appears that
large areas of sloping landsurfaces occur at 100-300 ft, on the Southern
upland on the dip slope of the Eocene escarpment, Such sloping surfaces
also occur on the dip slope of the Upper Cretaceous escarpment at 200-400
ft, and 500-800 ft, On the crystalline basement, there appears to be a
sloping surface occuring at 800-800 ft, These observations confirm the
findings derived by other methods and may be true of the basement complex
where Morgan (1960) claimed to observe only one sloping surface at 300-550
ft,

Morphometric Analysis

The use of morphometric analysis to demonstrate the presence of
erosion surfaces, and the different types of morphometric methods in use
have been criticised by Clarke and Orrell (1538) and Clarke (1586). Their
three main points of objection are that morphometric analysis is said to
be objective while the maps on which the analysis is based are inherently
subjective, that morphometric analysis wastes a lot of time and gives results
of minimal value, and that morphometric analysis depends on the subjective
Judgement of the operator,

These criticisms, important as they are, still do not preclude the use
of morphometric analysis in demonstrating the presence of erosion surfaces
as the methods are absolutely independent of subjective visual impressions
in the field, Further, if the methods are carefully used, they can indicate
the presence of erosion surfaces which can then be confirmed in the field,
In this study, altitudinal analysis wund areal analysis were used, Geyl (1961)
has proposed the use of the Shoulder, “umait, Col (S58C) method to demonstrate

the presence of erosion surfaces, Though admirable, this is impractical
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because of the difficulty of assigning values to the length and areal units

involved,

Altitudinal Frequency

The use of altitudinal frequency to demonstrate the presence of erosion
surfaces presupposes that the highest parts of the landscape are always the
last to lose the remnants of former erosion surfaces as dissection spreads
up the valley, Two methods can be used: (i) the number of the closed contours
on maps can be counted, each closed contour given one unit, and the total
number of closed contours occuring at specific altitudes grouped together;
(ii) the sampling method cam be used, whereby grids are suparinpoied on
the maps and the highest points within the grids, especially spot heights
and closed contours, are recorded aud yrouped together. The latter method
is preferable because in the former, both large and small areas enclosed by
contour lines are given equal values and undue emphasis will be laid on
dissected areas,

The limitation to the use of both methods is that they presuppose the
initial surface to be flat, This is not always true and remnants of such
surfaces will ocour at different levels as a result of differential
weathering and erosion of the different rocks, Further, only a small part
of the total landscape is taken into account, The methods are used in this
study for demonstration purposes., The grids imposed on the maps are at a
mile interval as this is considered suitable by Clarke (1963} four use in n
moderately dissected terrain,

The altitudinal frequency of the c¢closed contours is shown in Fig. 37,
The graph shows maxizum bulges at 500 ft, to 900ft, and 100 ft, to 400 ft,
The altitudinal frequency of the Grid sampling was drawn for the whole of

South Western Nigeria (Fig. 37) and for the Ibu/ Ona river system which
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is the only complete large river basin present (Fig. 38), In the Ibu

Ona basin, the graph shows a maximum bulge at 500 ft, to 700 ft,., while
for the whole of South Western Nigeria the graph shows maximum bulges at
100-200 ft,, 300-400 ft., and 800-700 ft, The 800-700 ft, bulge is common
to both, Thus the altitudinal analysis shows that sloping surfaces may
be found at the altitudes indicated by maximum bulges on the altitudinal
graphs,

Areal Curve

Areal analysis shows an interrelationship between area and altitude,
showing the absolute or relative areas of land between adjacent contours,
This method is preferable to the mltimetric analysis in that it is not
confined to units of height alone, It is also particularly useful in
correlating erosion levels from area to area,

The obvious problem is how to calculate the inter-contour sreas, This
can be done with a ﬁluninotar, or, as suggested by Clayton (1953b), the maps
could be cut along the contour lines after testing for equal paper quality
throughout; the strips are then weighed and the intercontoursareas computed.
Where several maps are to be analysed, both approaches are impractical.,
The quickest method is mesh sampling. A series of vertical lines are drawn
at mile intervals on the maps, and along each line, the distance between
successive contour lines is measured. The value along each strip for the

different intercontour distances are summed and cumulative totals derived for

all the vertical lines« For sﬁuth Western Nigeria, (Fig. 39) and for the

Ibu/Ona river basin, (Fig. 38), the resultant curves show maximum bulges

»t 100-300 ft, and 8500-700 ft; 300-400 ft, and 8500-700 ft, respectively.
The table below gives a sunmary of the levels at which erosion

surfaces were obsefved with the different methods used,
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Table 28

Different methods and Erosion Surfaces observed
Field Long profiles Generalised ALTIMETRIC CURVE Areal
evidence of streams Contour Closed Grid Analysis

Contours Sampling

Northern Upland S.W. Nigeria S.Ww. Nigeria S.W. Nigeria 8 W. Nigeria S.W.Ngeria

500-800ft )Upper 650-700ft 500-9001t 500-9--1t 500-7001t 500-7001ft
)surface

400-600ft)at 500-5501t 200-4001t 100-4001t 300-4001t 100-3001t
)different

300-550ft)1localit ledB00-4001t 100~-2001t

475-650ft) Intermed 200-2501t
)iate

300-5001t )surface at Ibu/Ona Ibu/Ona
)different .

275-380ft)localities Basin Basin

Southern Upland ) 500-700ft 500-7001ft

400-475ft Upper 300-4001t
surface
north and
north east
of ]Ilaro

250-385ft Intermed-
iate surface
around Ilaro

125-260ft Lower surface
south of
Ilaro

It is difficult to correlate all these surfaces, but in all the methods used,
three surfaces appear consistently. The highest one occurs between 500--900 ft.
and is best developed on the Upper Cretaceous Sandstone, it is also locally
found on the crystalline basement where it is developed on deeply weathered
rocks and covered by detrital laterite, or where it is etched out between

granite outcrops as near Lalate. This surface is lower east of the Ogun where
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it lies between 300-550 ft. and alsoc on the Eocene sandstone north of Ilaro
where it lies between 400-475 ft, a.s.l.

The intermediate surface occurs between 275-650 ft. on the upper &'otncooul
sandstone, and at 250-385 ft. on the Eocene aandstﬁno. In both places, it is
mainly developed as wide valley benches, but it is also found on interfluves.
Traces of this surface are found on the crystalline basement where it occurs
as narrow terraces e.g. along the Ogun near Olokemeji or along the Ona on the
Lagos-~Ibadan road.

The lower surface occurs between 100 ft, and 300 ft., mainly on the Eocene
sandatone as wide valley benches, but it is also developed on broad interfluves
within the basins of Berre and Ore streams. This surface appears to be absent
on the crystalline basement rocks. These surfaces and the relationship between
them are shown in figs. 33 and 34.

The nature of the surfaces

The highest surface recognised on both the upper fretaceous sandstone and
the Eocene sandstone is gently sloping. On the upper Sretacecus sandstone it
slopes from N-S at about 15 ft. per mile, but &lso slopes in a NNW-SSE direction
towards the Ogun river which acts as a local base level. On the Eocene sandstone,
the surface slopes in a N-S direction.

The surface on the Cretaceocus formations is covered by vesicular laterite
which outcrops mainly at the upper valley slopes, but also as wide lateritic
pavements. Laterite is invariably present in soil profiles at depths varying
from 6 ins to 18 ins. The surface is dissected by tributaries of the Yewa,
through headward erosion following rejuvenation, and the valleys of these streams
are deep and steep, On the Eocene sandstone, there is a cover of thin ferrug-

inised material, especially where the forest has been removed. It ia &lso
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dissected by the head streams of the Ore river, but their valleys are shallow
and wide-bottomed.

The intermediate surface occurs &as a sloping plain gouth of Meko where it
is covered by widespread lateritic blocks. These are also found within the
soil profiles. Elsewhere, the surfice occurs. as wide valley benches covered
with detrital laterite, lateritic blocks and concretions, below the upper
surface. The relat ionship between the two surfaces is shown in Fig. 34.. South
of Alyetoro it occurs on the lateritic covered narrow interfluves, although the
cover is rapidly being destroyed. Near Meko, the slope seperating the upper
from the lower surface varies from 10>25° , but east of Aiyetoro the slopes
vary from 7°-i2°. On the Eocene pandstone, this surface occurs mainly as broad
valley benches below the upper surface, and, in several places, it merges
imperceptibly with the upper surface. The benches are covered by detrital,
ferruginised sandstone derived from the upper surface and occasionally large
magses form wide ferruginised pavements. This occurs especially where
deforestation has taken place.

The lowest surface occurs 2s valley botioms covered by alluvial material,
south of Ilaro where it was studied, but it also occurs as wide interfluves in
the basins of Ore, and Berre where thick forest growth precluded close invest-
igations. The sirface slopes in a N-S8 direction.

Format ion

The formeation of these surfaces involves both climatic changes and base-
level changes. Evidence for climatic change in South western Nigeria<aro£5
neither conclusive nor convincing and the only pointer to past climatic changes
is the lateritic deposit on the uppeirr surface. Tricart (1956) is of the
opinion that the laterites of the Guinea Coast were formed as a result of climatic

changes in the Tertiary-Pleistocene period. Some aspects of the climatic changes
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have been mentioned in Chapter 5 and are also discussed by Bond (1962). what
is significant is that there is no evidence of desertic conditions alternating
with very humid conditions in South Western Nigeria as Tricart implies for the
Guinea Coagt. Sivarajasingham et al (1962) have pointed out that laterites
can readily form where there are alternations of periods of heavy rainfall with
periods of relatively low rainfall either over a long geological period or within
one seasonal cycle, This appears to have been the conditions in the Pleistocene~
Quaternary period in the humid tropics.

The vesicular laterite covering the upper surface could have been formed
curing the Pleistocene-Quaternary period in which case the surface itself wa;
a pre-Pleistoccene surface, Since the formation of the laterite, the upper
surface has been dissected and the lower surfaces produced by lateral backwearing
of the valley sides. What is not clear in this situation is the connection
between lateritic formation and the dissection of the upper surface. If a
deeply weathered surface is dissected, laterite tends to form at the upper parts
of the slopes of dissection. On the upper surface laterite occurs on the upper
parts of the river valleys and also occur as broad pavements on the surface.
Lateritic formation on the surface could have resulted from the effects of
changes of climate and erosional dissection of the surface.

The dissection of the upper surface involved base level changes. The amount
of base level changes involved since the upper €retaceous (Senonian) times
when the older sandstones (Abeokuta Formation) were formed is difficult to
calculate. Davies (1964) has calculated that the sea level in West Africa was
at -90m (297 ft) to -100m. (328 ft) from the present sea level before the
Quaternary Ice Age, and he identified the 58m (171.5 ft), 22-25m (72.6-81.5ft),
9-13m (29.7-42.91t), 3-6m(9,9-19,.8ft) and 1.1.5m (3.3-5.0ft) terraces at

Cape Three Points in Ghara., It has also been variously calculated that since
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the end of the Ice Age, the level of the sea has risen by 6-8m (19,.8-26.41ft)
leading to the drowning of the present coastline. From what can be seen at
the headstreams of the main consequent rivers developed on the upper surface,
the amount of incision is of the order of 150-200ft which shows that since these
rivers were developed, probably in the early Tertiary, there have been changes
of base level of this order. The pattern of change is not clear however, whether
it was the land which was being uplifted or whether it waa]the sea level that
was subsiding, both would produce the same resuli. |

As laterite was developed on the upper surface forming a cap rock, with
base level changes and rejuvenation the lower surfaces would be toruad-by
parallel retreat of slope. The lower would then be covered by laterite blocks
derived from the upper gurface.
Age

King (1962) has recognised that tha oldest degradational surface i.e.
primary watershed north of Shaki, in Western Nigeria is early Terptiary. The
next lower surface is of late Tertiary, followed by another of Quaternary age.
There is no way of knowing the absolute ages of the surfaces recognised in
South Western Nigeria, but it appears that the dating by King, with slight
variations, fits in well with the recognised surfaces. The higher surface
developed on the sandstones can be tentatively assigned to the mid Tertiary
i.e. Oligocene-Miocene period; the intermediate surface can be tentatively
agsigned to the Pleistocene-Quaternary pluvial and interpluvial periods,
while the lowest surface can be regarde as Recent. No such chronology can be
attempted for the basement complex area where no large scale erosion surfaces
can be identified, but King has dated the whole of the dissected landform here

as late Tertiary.
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Part 11

LANDFORM ELEMENTS{

CHAPTER 8

INSELBERGS .

A REVIEW OF SOME THEORIES OF INSELBERG FORMATION.

The word "inselberg" is derived from the German language, and it means
"island mountain®™, This word correctly describes the domical convex rock
outcrops conmonly found on the basement complex of Nigeria (Plate 22).
Inselbergs are of varying shapes and sizes, perhaps the best known being
the symmetrical types referred to as bornhardts. From Falconer (1911) to
present writers, nearly all of the opinion‘Ehut inselbergs are formed from
crystalline rocks, both igneous and metamorphic, but Cotton (1947) goes
further and suggests that they can even form on schist and basalts, quoting
examples f.om Western India, Holmes and Wray (1912) and King (1949) diffor
slightly in saying that inselbergs are formed on plutonic rocks alone,
especially granites, granodiorites and diorites,

Inselbergs are widely distributed. They occur in the forested humid
tropics in Africa, Brazil, Australia and India, and they are also present in
the grassland savanna of Africa and Australia, They are further found in
the tropical deserts, Inselbergs are less evident in the forest zonme,
however, and this has led to a belief that they occur only in the savanna,
This prompted Cotton (1947) to designate "the savanna landfora™ as one
typified by inselbergs and plains, The realisation that the distribution of
inselbergs is not so localised made Cotton (1961, 1962) change his earlier
viewa, 'and he wrote that inselbergs could ﬁive originated in the hot humid
climate of the forest belt, ln& that inselbergs now found in the savanna

area were probably formed when the present savanna area was more humid, It

has been realised that the formation of inselbergs and tors require deep



Plate 22, An inselberg formed in syenite near Oke-=Ilho.
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weathering. Linton (1958, 1964) writing on the tors of the South Western
Coast of England stated that deep weathering occured in the crystalline

rocks of Britain in the pre-Pleistocene period when the climate was waram,

and that exhumation of the weathered regolith followed in the interglacial
periods, This theory of deep chemical weathering and subsequent exhumation
Iollo!ing changes of base level has been advanced in Chapter, 5 and 6 to
explain the evolution of the major landforms in South Western Nigeria, and

it appears to be equally applicable in explaining the formation of inselbergs
and tors in varying geonorph;c environments,

There are as many theories as there nfg writers on inselbergs. The aim
of this chapter is to classify these theories on inselberg formation, and to
examine each category in the light of present knowledge. An attempt will
then be made to show why some of these theories are inapplicable to the
inselberg landform of Western Nigeria. Many of these theories may be
applicable in different geomorphic environments because as Doornkamp (1968,
P. 184) has pointed out, it is quite poseible that similar types of features
may result from different processes., [t can be added that this will
especially be the case for the contrasting climatic areas where most of the
observations and deductions have been made,

The Theories

There are three principal categories;
Group I: The theory that inselbergs result from sharp changes of climate;
these are referred to as "relict hypothesis theories™ by Cotton (1947)
Group II: The theory that inselbergs result from ph colithic or from large
plutonic intrusions, subsequently dissected by rivers and each
compartment retreating parallel to itself to form inselbergs,

Group 111: The theory that inselbergs result from tleep weathering,
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followed by a period of exhumation under a second cycle of erosion,

At this stage, the hummocky basal surface of weathering is exposed to

give rise to the present inselberg landform.

Within each group, different writers express ideas which, in most
cases, only slightly differ one from snother,
Group 1: Passarge (icv5) appears to be the first writer to postulate the
relict hypothesis theory. He suggested that tropical inselbergs were
formed under arid conditions in the Mesozoic period when the present
savanna areas were deserts, Wind scour was deemed responsible for widening:
end deepening the hollows between the rocks. This hypothesis is doubtful,
because in the first place, as pointed out by Cotton (1947, p. 90), it is
very difficult to prove that the savanna areas have ever been under
desertic conditions, Although the $ahel Savanna areas of Northern Nigeria
have accumulations of seif an€ erg dunes, it is not recorded that wind-
scour is of any significance there, Second, there is no conclusive proof
that the humid tropics of Western Nigeria has ever been under desertic
conditions as pointed out in Chapter 6, even in Northern Nigeria, weathering
depth of about 160 ft, has been observed in Kano (Thomas 1968), Third, from
what is known of erosive processes in the desert, windscour is not an
effective agent of erosion, The later modification of this comcept by
Passarge (1904) that the inselberg landform is the result of alternation of
humid periocds when deep weathering occured, followed by dessication when
acolian agenis operateu, did not improve the hypothesis,

Bornhardt (1900), tromhthe symmetrical type of inselberg takes its

name, believed that inselbergs result from the superposition of more than
one cycle of erosion triggered off by sharp climatic variations, Although
modern workers such as Thomas (1962, 1965) and Ollier (1960) share his idea

of multiple erosional phases, they do not agree with the second aspect of
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sharp climatic variations, Further Bornhardt fajled to explain the
mechanism responsible for the evolution of inselbergs,

Falconer (1911, 1912) postulated deep chemical weathering on an
initial plane level of granites and gneisses under humid to subhumid
conditions, This process was then followed by stripping to produce irregular
hollows between the outstanding rocks. Later, with a change of climate
and probably following a downwarping, the hollows were filled by drift
sccumulation, This contrasts with the windscour theory of Passarge., It
is equally unexpected from Falconer who observed inselberg distribution
from the humid Abeokuta area to the semi arid areas around Kano, Certainly,
there may be drift accumulation in the Kano area, but this is not true of
Western Nigeria,
Group II: Holmes and Wray (1912) wrote that "inselbergs mark the position
of phacolithic or batholitic intrusions of igneous rock below, It would
seem that dome-like intrusions have been the primary cause in determining
the sites occupied by the present inselbergs, the contrast of surface relief
brought about by weathering and erosion being the external. expression of
internal structure", This implies that inselbergs aré formed on granites and
granodiorites and indeed about half of those examined in South Western
Nigeria are composed of such rocks, Others, however, areieonpoled of
various types of rocks of which gneiss is predominant. Apart from mention-
ing that the intruded rocks form domes, nothing is stated about the mode of
formation of inselbergs,

King (1949), in his theory of bornhardts, asserted that inselbergs are
formed from plutonic igneous and metamorphic rocks. He also recognised
that inselbergs do not express petrological differences in the landscape.

The importance of rock structure, especially joints, in the plutonic



142

intrusions was stressed as a factor in the formation of inselbergs. It
was assumed that thi initial surface of such intruded masses would be level,
with streams developing along the vertical joints. With a change of base
level, such streams were incised and the initial mass divided into
‘compartments along the joint system, as illustrated in Fik. 40, Each
compartment then commences to shrink by scarp retreat.and pedinentat}on;
The rounded forms of inselbergs are later inparted by exroliation;du; to
unloading, In 1566 (p.97) he restated his theory and emphatically
refuted' the idea that the evolution of inselbergs involves deep weathering
as he could not envisage this process penetrating to depths of 1000-1500 ft,
Thus he stated that inselbergs have ”devalop;d beneath the sun and wind
o? the open sky",

A discussion of King's theory leads to a wider field including the
problems of parallel retreat and downwearing as they affect slopes, It is
sufficient to observe with Dury (1959, p.62) and Savigear (1952) that most
of the assertions regarding backwearing and downwearing have been made with
insufficient grounds or with inadequate observationj thus observations
made in the semi arid areas of South Africa need not hold true for other
climatic areas. In applying King's theory to the inselbergs of South
Weatern Nigeria, there are several objectionsg

i) While parallel retreat may be an important geomorphic process in a
semi arid environment, this is not necessarily true of the humid tropics.
In Bouth Western Nigeria (sce Chapter 5) backwearing occurs under certain
lithological and structural conditions especially where laterites have been
formed on deeply weathered surface, but it does not constitute the overall
erosional process,

ii) King, in his earlier paper, did not explain how back-wearing and

parallel retreat occur. Later, in his "Canons of Landscape Evolution" (1953)
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he attributed parasllel retreat to weathering, exfoliation and rill action
on the free face of slopes, and laxinar flow on (L2 waning slope. Not all
geomorphologistas agree -33h the =lope elements thgt led to the propagation
of this theory because, except where rock structure is favourable, his
combination of slopes is not widely recognised except perhaps in deserts,

In the humid tropics seaveral writers e.g. Thomas (1962) and Savigear (1960),
claim to recognise more convex features than others, Thus King's mode of
inselberg evolution is open to question, especially the processes of
parallel retreat on homogeneous rocks,

iii) Further, the rock cut pediments recognised by King, are not
found in Western Nigeria wheroldrilling has revealed pockets of deep
weathering around nascent inselbergs (Thomas 1966), His theory fails to
take into account the most important geomorphological process in the
humid tropics = deep chemical weathering, and this makes the theory
inapplicable to Western Nigeria. Birot (1968) believes that it is more
appropriate in the semi arid and arid areas,

Following King, Pugh (1884¢c, 19553) recognised scarp retreat and
pedimentation as important factors of inselberg formation in Nigeria., He
observed that inselbergs decrease in fféaﬁoncy away from & SCArp or areas
of youthful dissection and are thus zonal in distribution. Pugh assumed an
initially uplifted erosion surface, with scarp retreat or a belt of
youthful erosion destroying the existing surface right from the coast. Where
scarp retreat is checked locally by resistant rocks, inselbergs will be
left above the new plain, He then ascribed the evolution of the dome shape
to concentric exfoliation, In these earlier works, Pugh failed to stress
the importance of joint pattern in producing inselbergs as King did, nor
did he recognise the importance of deep weathering as affecting the evolution

of inselbergs., Further, he did not mention the mechanics of scarp retreat.
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Pugh (1966) later assigned some importance to deep weathering and
indicated that the basal surface of weathering is an important factor in
the evoluticn of tropical landform. He postulated that in a period of
tectonic stability, deep weathering would occur, and, with a change of base
level, a new cycle of erosion is initiated, streams are incised and the
land is divided into compartments by the large rivers and their tributaries;
each compartment shrinks by parallel retreat of thn\-lopes. This
compartmental shrinking would lead to the evolution 9! inselbergs, Pugh
explained the process of slope retreat as due to lurtice wash and noil_r
creep assisted by gullying and basal spring sapping which contradicts the
rill flow and laminar flow theory of King (1983). Parallel) slope retreat
by surface wash, soil creep, gullying and basal stripping can only operate
where lithological and structural variations are suitable, definately not
on all the slopes.

Essentially, this proposition is a restatement of King's view with
Blight modification of weathering introduced, Pugh did not explain the
factors that will isolate the surviving rock kernels from weathering, The
modified theory may help to some extent in understanding the evolution of
inselbergs but it is difficult to see how compartmentalised shrinking of
weathered regolith can occur when no cap rock is present on such regolith,

Twidale (1964) followed King's hypothesis and recognised the
importance of the primary joint pattern in the formation of inselbergs,
Unlike King, however, he was of the opinion that it is the spacing and
type of joints and deep weathering that determine the occurence of
inselbergs. Twidale also peinted out that in areas with closely spaced
Joints, totnl.wenthering may occur to leave corestones behind, in areas

with joints more widely spaced, weathering may produce tors and inselbergs.
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He tur£her explained that it is the hardness of rocks that decide whether
inselbergs will be formed, postulaiing that only the younger granite can
produce tors and domes, This observation may be true o@:§z¢ Plateau
(Northern Nigeria) as corroborated by Thomas (1962), and of Australia$ best
known to Twidale, but it is not true of Western Nigeria where inselbergs
are formed on the older granites, migmatites, granites and gneisses,

Moreover, Twidale mentioned that large blocks of rocks are weathered
intc compartments along the master joints, and later valleys are developed
along such lines, The sides of such valleys will recede parallel to
themselves to produce inselbergs. These inselbergs, are then rounded by
curvilinear sheeting of large blocks 1-20 ft. thick. This view has been
disputed by Thomas (1962, 1868) who argued that roundness is imparted by
chemical weathering ever before domes are exhumed and further, that any
sheeting is in response to the pattern of weathering on the pre exhumed
domes, This view is reinforced by the weathering pattern shown in Figs.
17=20. The implication of Twidale's theory is that inselbergs in a given
area, and within the same erosion cycle will be of uniform altitude which is
never the case, Futher, his concept of parallel retreat of valley slopes
on base rock surfaces is difficult to substantiate. In any event, it is
difficult to see how compartmentalised weathering, stream incision and
erosion can occur within one cycle of erosion,

Group I11: For a long time, many writers have recognised the
importance of deep weathering and the basal surface of weathering on all
types of crystalline rocks in relationship to the formation of inselbergsg
end the following have exploited this idea in various ways to explain how
inselbergs sre formed:

Theile and Wilson (1915) wrote that "during a prolonged period of
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weathering at a time when stream activity was at a minimum on account of the
country having reached base level, the rocks became decomposed to a
considerable, but varying depth, Subsequent elevation produced a rejuven~
ation of streams when they swept away the loose rock, leaving the

resistant parts which had escaped decomposition as isolated hills.” This
theory though relevant, fails to explain soﬁe problems about inselbergs
evolution., For instance it neither explains the factors responsible for
causing weathering to operate to varying depths to isolate resistant rock
parts, nor the pattern and processes of exhumation,

Bain (1923) recognised two types of inselbergs in Nigeria, viz,.,, the
symmetrical dome shaped with steep sides which he associated with coarse
textured porphyritic granite-gneiss, and the elongated asymmetrical type
which he associated with various types of gneisses, He believed that
climate, rock structure and weathering are the most important factors in
producing inselbergs from an assumed initial undulating surface whose
hollows coincide with areas of Jointszzzz postulated that weathering will
proceed in depth along the joints during the wet season, and streams will
be aligned along such joints, Later the resultant regolith is stripped
off by such streams and a constant repftition of this process leads to
the formation of deep gorges seperated by long narrow ridges. As time goes
on, minor joints in the ridges are opened up by weathering and subsequently
the ridges are disscected up into seperate hills, Further reduction of these
hills would be caused by exfoliation, triggered off by expansion and
contraction,

There are several flaws in this theory. In the first place, inselberg
forms are not particularly related to any rock type, and in the second

place, there are no known examples of such ridge and gorge topography. The
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production of such features is difficult to envisage as master joints in
rocks are never oriented emtirely in two directionsj they occur in
several directions in any erystalline rock, Even if it is accepted that
such joints exist, however, weathering cannot be entirely localised
within them, so that by the time the ridge and gorge topography could be
produced, the ridges themselves would also have been carved up into
seperate hills,

Cotton (1947) states that inselbergs are found in the savanna belts of
West and East Africa with a height of 1,000~2,000 ft. In reality, only a
few inselbergs are within this altitudinal range. Like Bain, he assumed
an initial peneplain or pediplain on which there is a contecmporaneous
operation of wa;tharins and erosion so that as erosion progresses under 8
single cycle, hummocky features and low residuals will start to appear, For
the really large inselbergs, Cotton postulated an elevation of the land which
he claimed leads to an intensification of erosion, He concluded that plains
around inselbergs are very flat, with gentle slopes, and such plains are
extended by pedimentation and lateral planation, or by the migration of
streams at the basal depressions towards the bases of the inselbergs. In
1961, Cotton modified his earlier views., He assumed an initial level
surface on which weathering operates and stressed that the basal surface of
wua}horing is irregular, After weathering, erosion is followed by down-
wearing and by lateral planation of the rivers till the "up=jutting unweathered
salients of the unevenly decayed deep floor have merged as a result of a
general ablation or erosional lowering of previously bevelled savunsa
plains”, An examination of Cotton's hypotheses show them to be essentially
the same, Both involve & cycle of erosion., Cotton'n assertion, that

after weathering, erosion starts within the same cycle, w~ith no climatic
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csheceally near ke coast.
changes or base level changes involved is difficult to aubstantiatga This
can only occur if runoff is weak at the period of weathering or if linear
erosion is non existent, but later on there is a period of increased
runoff to cause erosion i.,e, this can only occur if there is a sharp
climatic variation, Cotton's theory that lateral planation causes a general
downwearing is remniscent of Crickmay's (1933) idea, and may appear true for
the semi arid areas with ¢parse vegetation, but it is not true for the humid
tropics area with its thick cover of forest.

Ollier (1960) writing on the inselberg landform of Uganda mentioned that
inselbergs are found on interfluves, on top of subdued relief, in rugged
areas, and on lower slopes., His illustration shows that inselbergs are
distributed in a somewhat consistent relationship with the drainage pattern,
and his explanation as to the mode of inselberg formation agrees with this,
Thomas (1962, 1965) has denied any consistent relationship between inselberg
distribution and the drainage pattern, and field experiences have convinced
the present author that Ollier's observations are not always substantiated,
Ollier assumed an initial undulating Gondwara surface on crystalline rocks
with several primary joints crissecrossing the surface, Weathering will
occur on such a surface following the pattern of jointing anéd produce
an irregular basal surface of weathering., In the second cycle of erosion,
following an uplift, the streams formed are aligned on the deepest
weathered area, but this relatiorship is not found to be true by the exam=
ination of the weathering pattern on crystalline rocks in South Western
Nigeria. The streams having been incised, develop narrow valleys which are
later widened out by parallel retreat to form pediments and pediplains,

Wherever bevelling comes across hard rocks in the basal surface of weathering,

inselberge will emerge. The sequence of pedimentation is shown in Fig. 41.
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Ollier's theory is difficult to apply in South Western Nigeriaj

where,as; demonstrated later, (Chapter 9) the physiographic location of

inselbergs does not confirm the observations. Further, there is nothing to

show that streams are ever aligned along deeply weathered areasti if anything,

the contrary holds true as illultrated in Figs, 17=20., Ollier did not

explain how parallel retreat can occur in a weathered regolith in the

absence of cap rocks especially laterite,

Jones and Hockey (1963) gave a less detailed explanation of the forme
ation of inselbergs, stressing subsurface weathering controlled by the
joint pattern in rocks, the production of an irregular basal lurfaée of
weathering, and the subsequent erosion that exposes the irregular basal
surface, They stressed that after erosion, the upstandiug crystalline rocks
will be immune to weathering especially as the joints on them are unopened,
while the lower areas will continue to be weathered and stripped, hence the
inselbergs continue to grow,

Thomas (1962, 1965 and 1966) agreed broadly with Bain (1963) Pugh (1966),
Twidale (1684) and Ollier (1960) as to the importance of the influence of
climate, joints, and joint pattern, and weathering pattern in the evolution
of inselbergs. He observed that inselbergs are formed on both ;gnaoul and
metamorphic rocks, Like Twidale, Thomas stressed that joints divide crystalline
rocke into variable sizesj weathering may entirely consume the shattered and
much fractured rocks to produce corestones, while less fractured rocks with
fewer joints are reduced to tors, with inselbergs forming where the joints
are far apart. He smphasised that weathering affeets all the exposed parts
of the rock, but proceeds fastest along the joints where it may penetrate
down to 200 ft., Thomas explained that stripping of regolith is by surface

wash and creep where cap rocks are absent and by parallel retreat where
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cap rocks are present., Stripping will reveal the unweathered "kernels" as
inselbergs in a second cycle of erosion, Writing on the curved surfaces of
inselbergs, he disagreed with the exponents of exfoliation, He stressed that
Jointing in erystalline rocks is three~dimensional witﬁ woeathering more
pronounced at the edges of the cuboids into which joints have divided the
crystalline rocks, The cuboids so weathered assume rounded form, and due

to loass of coherence and joss by solution consequent on weathering, expansion
will occur to produce exfoliation slabs in sympathy with the curved surface
of weathering. The domed form has thus been produced ever before erosion
reveals the inselbergs, In support of this, Thomas showed examples of high
dopes that show no exfoliation slabs on them,

In 1966, Thomas discussed the pattern of weathering in the crystalline
rocks of Nigeria and tried to correlate this with the formation of inselbergs.
In the crystalline areas, he found the basal surfaces to be irregular in the
form of basins and domical rises much as in Figs. 17-20, Thomas observed
that the depth of weathering increases away from the river to the inter-
fluves and that drainage lines are in seversl places superimposed on
underlying domical areas, and not on the deeply weathered zones postulated
by Ollier (1960). He therefore suggested that in some cases, the uniclinal
shifting of valleys on weathered rock after coming into contact with sub-
surface domes is responsible for the stripping and exposure of domes, aided
by creep and surface inlh. This hypothesis neecs further amplification
as it is difficult to eonceive how such could occur since several inselbergs
occur not only on valley slopes, but also on major interfluves,

In 1911, Falconer noticed the proximity of several low inselbergs and
rocky outcrops to the escarpments of the sedimentary rocks in Sokoto and

Lokoja area. Savigear (1960) elaborated on this and asserted that such
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inselbergs could evolve nl'tho sedimentary scarps retreat to show that the
underlying basement rocks have undergone deep but differential weathering,
After reviewing the varioun theories, it is cbvious fhat opinions are
still widely divergent about inselberg formation. In the following chapter,
the physiographic location of inselbergs and their pattern of distribution
in South Western Nigeria is examined, Inselbergs will also be related to:
their parent rocks in oraur to determine their mode of evolution in the

different rock types,
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CHAPTER 9

The Processes of Inselberg Evolution

The atudy of inselbergs was approached in three ways: first, the
physiographic locations were determined in order to establish the pattern.of
distribution viz-a-viz drainage channels. This was intended to indicate whether
the evolution of inselbergs is related to "compartmental shrinking", pedimentation
and erosional bevelling, or whether it is due to weathering in rocks along lines
or weaknesses followed by fortuitous exhumation of the basal surface of
weathering. The nature of the foot-slopes below insqlbergs was also briefly
examined. The study of the distribution of inselbergs over the crystalline
rocks of the basement complex was succeeded by detajled work on their location
on specific rock types, especially granite and migmatite. Second, inselbergs
were related to their parent rocks in order to assess the effect of lithological
variations in their evolution. The morphometric properties of inselbergs prbduc.d
by different rock types were defined and compared in terms of:

a) elongation index calculated for the different forms;

b) frequency of occurence;

c) height; and

d) size.

Third, local studies of inselbergs were carried out in specific areas. In the

first phase, all the inselbergs visible on the 1:40,000 air photos covering

the crystalline bagement area of South Western N.geria were plotted on the

1:50,000 maps. Except where forest cover precluded examination, each identification
was confirmed in the field during the dry season of 1968/9, In several cases,

low convex rock outcrops or small domes were discovered which had not been

revealed from the airphotos using the mirror stereoscope. The area of each
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inselberg was calculated froa the airphotos, and the elongation of their long
axes was measured. Samples of the parent rocks were collected and identif ied
in the Geological laboratory of the University of Ife. The physiographic
location was mapped from airphotos and confirmec ir the field. Heights were
measured with altimeters which are particularly useful when climbing steeé
rocks and are also convenient when the sample population is large (see chapter 1).
Inselbergs ess than 50 feet high were disregarded as low convex rock ouicrops.
In the second phase, four areas were studied in details:
i. the granitic terrain of Eruwa-Lalate;
ii. the granitic terrain of Idere-Tapa;
iii. the migmatitic area of Ado Awaiye-ljio-lseyin;
iv, the migmatitic area between Oyo and Fasola,

Physiographic Location and Distribution of Inselbergs

The implication of the pedimentation and erosional bevelling theory is
that inselbergs are old age erosional forms (hertlungs) in the landscape. If
80, they would be expected to occur on interfluves surrounded by extensive
pediments sweeping in a concavity towards adjacent stream lines (Fig.40) as
visualised by King (1949). They should also have & zonal distribution and occur
close to cyclical escarpments. Ollier (1960) in particular asserts that
inselbergs are mainly found on interfluves (Fig. 41) or as subsky line features
because the erosional stripping which produced them was by pedimentation and
parallel slope retreat. Thomme (1966) disputed the view that inselbergs are
distributed in a consistent relationship with the drainage pattern, especially
in Western Nigeria, and concluded that there is an "absence of consistent
relationship between stream lines and patterns of weathering" which produced
these inselbergs. However, Thomas never analysed the physiographic location

of inselbergs on a regional scale.
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Before examining the physiographic location, it is worth repeating the
warning of Doornkamp (1968, . p.154) that "it is quite possible that similar
features may result from different processes operating in different areas".

Thus the following sualysis is confined to conditions in South Western Nigeria,

and need not apply elsewhere. For the purpose of analysis, four physiographic

locations were identified:
third
a) main interfluves of greater than #hsdid order streams;

b) lesser interfluves;
c) valley sides; and

d) dissected areas.

It should be noted that inselbergs often generate first order streans,
thus, except where they are small, they will invariably occupy one interfluve
or another, This brings out the importance of differentiating between those
occupying the principal watersheds of the larger rivers, and those on lesser

interfluves. Three important geomorphoelogical regions were recognised on the

basement complex area, and the analysis of the physiographic location within

each geomorpholpgical region is shown below.

Table 29
Physiographic Loumiion of Ingelbergs
DOMINANTLY STRIPPED ETCHPLAIN
Locat ion 3rd Location 3rd Location oA Location in a
order Interfluve order Interfluve valley side dissected area
Number 52 110 43 15
As % of all 24 50 19 7
PARTIALLY STRIPPED ETCHSURFACE
Number 7 10 4 -
As % of all 33 48 19 -

(continued on next page)
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DOMINANTLY STRIPPED ETCHSURFACE

Location‘ 3rd Location 3rd Location ofY Location in a
order Interfluve order Interfluve valley side dissected area

Number 12 44 12 81

As % of all 8 30 8 54
SUMMARY

As % of ell 19 42 i5 24

In the migmatite area around Ado Au'-aiye, 25% of the 52 inselbergs (Fig. 42)
occur directly on valley slopes, 28% on_th; principal interfluve between Ofiki
tributary and the Opeki river, and the remaining 47% occur -ainly-on 1st andl
ond order interfluves. In the migmatite area around Oyo (Fig 43) only about
45% of the inselbergs occur on the principal watersheds, while the rest are
 found on valley slopes and on lglnar interfluves. ? |

At the regional scale in table 29, there does not appear to be any
consistent relationship between the physiographic location of inselbergs and
the drainage pattern, If this rélationship existed, most should cccur on the
principal watersheds, but in fact only 19% are so located. The majority
(42%) occur on less than third order interfluves. Locally, migmatite inselbergs
display no absolute ralatidﬁship between their physiographic locations and the
drainage channels. Thus strictly speaking, these inselbergs are not "hertlungs"
on the landscape.

Granitic inselbergs ocour mainly in areas of dissection where the streans
have incised into the regolith between the domes. All the same, these inselbergs
are not really on the principal interfluv;l; Those near ldere-Tapa lie on the
general slope of the Ofiki river, with the srea being dissected by the Ofiki

tributaries. The main interfluve between the Ofiki and the Opeki river lies

about fifteen miles to the east. The insélbergs in the Eruwa-Ls+te ircn are on
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the general slope of the Opeki river., Thus granitic inselbergs show no absolute’
relationship to the regional stream patter.

From the above analysis and field observations, it appears that inselbergs
are mainly azonal in distribution even though & f~v may be found near structural
escarpments as at Qk.—lho. Inselbergs occur where ltructurg}-conditionl favour
their existence and this is best illustrated between Ado Awaiye and South of
Iseyin (fig. 44). Here the migmatite foliation and joints trend in NNE-SSW
and N-S directions and most of the inselbergs trend similrly. Granitic and
syenitic inselbergs are often elliptically arranged (Figs. 45, and 46) as seen
around Ijdo and Oke-fho, or may digplay a compartmentalised arrangement (Fig.47)
@.,g. in the Eruwa-Lalate area, which suggests that they were formed froam
deeply weathered and dissected batholiths.

All these observations invalidate the theories of King, Pugh, .and Ollier
in reppect of South Western Nigeria, even though they may hold good elsewhere.
Pediments

King (1949), Pugh (1955) and Ollier (1960) believe that pediments are
produced by parallel retreat of slope, but while the former two believe that
the process can operate.across baré rock surfaces, the latter believes that
pediments are cut acrogs regolith. The mere use of the word "pediment", as
noted in Chapter 5, requires qualification because of differences in interpretation.
The word "footgslope" appears less ambiguous, but pediment is retained for the
purposes of this discussion.

If pediments a;e produced by parallel slope retreat, the implication is
that pediments grow younger away from the main stream line to the foot of the
inselberg. Assuming that pediments are cut across bare rock or across regolith,
in the humid tropics, the rapid rate of chemical weathering precludes the

preservation of such rock cut features. It would be expected however, that the
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depth of weathering would increase regularly away from the inselberg foot to
the stream line, This is not always true, however,

As observed by Doornkamp (1968),, the theory of pedimentation and
parallel slope retreat will not stand if pockets of deep weathering are found
near inselbergs. It will also fall.if it can be shown that the sides of
inselbergs mark petrological boundaries between the rocks producing the insel-
bergs and the country rocka. The pattern of weathering around inselbergs is
complicated by the fact that surface runoff from inselbergs seep into the base
of the inselbergs below the screes to cause subsurface weathering. Nevertheless,

there is indicative evidence.

Records of boreholes in dam sites (Figs. 17-20) show that the basal surface
of weathering in the crystalline rocks of South Western Nigeria is in ol of
basins and domical rises with pockets of deep weathéring alternating with domes.
Thus when erosional stripping occurs, areas near domes have pockets of deep
weathering. The depth of weathering below stream lines is often shallow,
increasing in depth towards the interfluves. In a pedimented landscape, the
expected, depth of weathering would be deepest along the stream line, becoming
shallower to the interfluve.

From field study, it is evident that pediment surfaces are in several areas
intruded by low convex rocks especially in the migmatite areas, while:?ho granitic
areas, such pediments are often littered with corestones and tors. These do not
suggest pedimentation,  The aame‘procesaea of arosioﬁal stripping of weatheréd
regolith have produced the tors, corestones and the adjacent inselbergs. Where
gullies, about 10 feet deep, have developed on pediments, no fresh rocks were
seen at the gully bottoms,

In the areas of migmatite, there are no petrological bandaries between

inselbergs and the adjacent country rocks; and this lends some credence to the
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the pedimentation theory. In areas of granite and syenite, however, the
steep sides of the inselbergs mark the petrological boundaries between them
and the country rocks.. The wide pediments at the western sides of inselbergs
at Eruwa are developed on schists, while those surroﬁnding the outer sides of
the inselbergs around Oke-lho are developed on amphibolite, and the pediment
at the western side of the Ijio inselberg is developed in schist.

There is little then to suggest that pediments are produced in South Western
Nigeria by parallel retreat of bare rock surface or by being cut across regolith
by parallel slope retreat. On the strength of field observations, it is
Jjustifiable to reject the theory of pedimentation and erosional bevelling.

inselberg Form

In ground plan, inselbergs are mainly elliptical, rounded or complex.

In profile and appearance, inselbergs are eitherrounded and symmetrical -
bornhardts, or elongated and symmetrical or elongated and asymmetrical. These
various forms are related mainly to rock structure and lithology, and particularly.

i) whether the rock is foliated or not

ii) the direction of foliation and angle of dip

1ii) the presence of bounding joints.

Granitic inselbergs are often elongated and symmetrical, but some like
the Ilele Hill at Ijio, have prdnounced asymmetry, Migmatite inselbergs are
elongated but may be either symmetrical or asymmetrical. These characteristics
are determined by the foliation, the direction of the strike and the angles of
dip of the foliation. Where the dip and strike of foliation coincide, the
ingelbergs are mainly elongated and symmetrical e.g..the Ado Rock, where the
strike of the foliation is 340°NNW and the dip is vertical. The analysis of
the long axes of the elongated migmatite inselbergs show that they are mainly

elongated in a NNE-SSW, N-S, and NNW-SSE direction (Fig. 48). Where the
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vertical joints cut across the dipdgz’éﬁliatlon, the asymmetry is much pro-
nounced as seen on an inselberg near Egbeda about ten miles north of Fasola,

In most cases, inselbergs have extremely steep bounding slopes on one side, and
gentle slopes on the other., Only occasionally are the slopes uniformly steep
around an inselberg. The steep bounding slopes are often emphasised by sub-
surface rotting and stripping at the base of the inselberg, and this leads to
formation of convex slopes or overhangs (Pla£e 23).

Inselbergs forms may be conveniently classified according to their ground
plan pattern which is recognisable from airphotos. Large and elongated inselbiergs
are termed whale backs, while smaller and elongated types are referred to as
shield inselbergs. Oyawoye (1960) favours the term "turtle back" instead of
shield inselberg, and this has been adopted in this study because there has beeb
much controversy regarding the formation of shdeld inselbergs. When inselbergs
are rounded, they are called bornhardts. Castle kopjes are also subrounded to
rounded in ground plan, but were differentiated from bornhardts in the field
by their conical and often castellated profiles. Several inselbergs do not fall
into this simple pattern and are réferred to as complex.

The main problem lies in differentiating between whalebacks and turtle
backs. The parameters used are the ratio between the short and long axes,
and their areas. The ratio between the ghort and long axes of whale backs
varies from 1:2.2 to 1:4; for turtle batks, it varies from 1:1.5 to 1:1,.8.
Whalebacks are often twice as large as turtlebacks. Elongation index calculated

for the various types show:

Whaleback Turtleback Bornhardt Castle Kopje

Elongation Index 2.6 1.8 1.1 1.8



Plate23 « To the left of the plate, is the steep, overhanging

slope of an inselberg near Eruwa,
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Each of these various types may occur devoid of any regolith cover, but
this is exceptional, Granitic inselbergs are often covered by rock blocks
of various dimensions while those m‘m migmatite often carry small blocks
and skeletal soils which may partially cover tiewx. On most of them, unloaded

blocks occur in various dimensions. They may also be entirely or partially

covered by vegetation,

An analysis of the various types of inselbergs in relationship to their
parent rocks in South Western Nigeria is shown in Fig. 49, and in table 30,

The percentage of occurence is in the horizontal, ;

Table 30 Inselberg Form related to Parent Rocks
(]
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Elongated inselbergs of moderate size are commonest on all rock types,
but coarse porphyritic granite gives rise to larger inselbergs than all the
other rocks. Bornhardts are equally numerous in both granite and migmatite,
but this is of no special significance as the occurence is fortuitous. lie
significant point to be noted is that granite consistently gives rise to
larger inselbergs than the gneisses. This difference in size is a retleciion
of the basic differences in the structure and lithology of the rocks which must
have affected the mode of inselberg formation.

Frequency of Inselbergs in Relationship to Parent Rock

In areal extent, migmatite occupies an area considerably larger than that
occupied by all the other basement rocks combined,(?ig. 3). Coarse porphyritie
granite which occurs as large emplaced bodies occupies a lesser area, but it

gives rise to the largest number of inselbergs (table 31).

Table 31

Frequency of Inselbergs in Relationship to Parent Rock
Rock Type Number % of Occurence
Coarse Porphyritic Granite 157 43.13 .
Migmatite 152 41,76
Older Granite 25 6.86
Syenite 15 4.12
Porphyyoblastic Gneiss 10 2,78
Granite Gneiss 3 0.82
Augen Gneiss 1 0.27
Muscovite Tourmaline Granite Gneiss 1 0.27

The above pc int can be clarified if the frequency of inselberg occurence

is examined at different localities. In the granitic terrain at Eruwa-Lalate,
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and Idere-Tapa, inselbergs occur &t a rate of 1 per sq. mile; in the migmatite
area around Ado Awaiye, inselbergs occur at a rate of 1 per 2.5 sq. miles,

but around Oyo they occur at a rate of 1 per 6 sq. miles; in the Syenite and
Older Granite terrain at Oke lho and lwers areas, they occur at a rate of 2
per sq. mile.

Height and Size in Relationship to Parent Rocks

The histograms of the frequency distribution of inselberg heights
(table 32) and size (table 33) in the different rock types are skew (figs. 50

and51) ., For comparative purposes, the modes are therefore used.

Table 32 Inselbergs' Heights in different Rock Types

Coarse Porphyritic .Migmatite Older Syenite

Granite Granite
Class Interval (soft) Number % Number % Number % Number %
61-100 ft 26 16.56 46 30.07 4 16 1 6.83
101 - 150 ft 33 30.02 36 24.18 6 24 2 13.33
151-200 £t 21 13.38 29 18,95 7 28 1 6.66
201-250 ft 23 14.65 18 11.77 2 8 3 20.00
251-300 ft 15 9.55 6 3.92 1 4 - -
301-350 £t . 14 8.92 7 4.58 1 4 1 6.68
351-400 ft 5 3.19 4 2.62 - - 2 13.33
401-450 ft 5 3.19 1 V.65 - - 1 6.66
451-500 ft 4 2.55 1 0.66 3 12 2 13.33
501+550 It 2 1.27 1 0.66 - - - -
551-600 £t 1 0.64 i 0,66 -~ - - -

+600 1t 6 3.83 1 0.66 1 4 - -

Ingelbergs formed in Coarse Porp@?itic Granite have a mode of 101-150 ft.,
compared to 151-200 ft. in the older Granite, 201-250 ft. in Syenite, and the

much lower value of 51-100 ft. for migmatite.
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Table 33
Inselbergs® Sizes in different Rock Types
Coarse Porphy-
ritic Granite Migmatite Older Granite Syenite
Class Interval (0.0320 sq ml) No. % No. % No. % No. %
0.0-0.0320 sq ml 20 18.48 54 35,63 5. % 20 2 13.3
0.0321-0.0840 sq ml 41 26.11 53 34.87 P SR 28 3 20.0
0.0641-0.0960 »* * 28 16.58 19 12.50 6 24 4 28.7
0.0961-0,1280 » " 22 14.02 10 6.58 3 12 1 6.7
0.1281-0.1600 " " 7 4.46 2 0.66 - - 2 13.3°
0.1601-0,1920 » " 5 3.19 4 1.32 1 4 - -
0.1912-0.,2240 » " 5 3.19 - - 1 4 1 6.7
0.2241-0.2560 " ™ 4 2,55 2 0.66 - - 2 13.3
0.2561-0.2880 » * 3 1.92 2 0.66 1 4 - -
0.2881-0.3200 " 1 0.64 2 o0.86 - - - -
0.3201-0.3520 = * 1 0.64 2 0.66 - - - -
0.3521-0.3840 " " - - -~ - - & -
0.3841~0.4160 " © 1 0.64 1 0.33 1 4 - -
0.4161-0.4480 " » - - - - - - - "
0.4481-0.4800" Ly 3 1.92 - - - - - -
+0.4800 noon 7 4.46 1 0.33 - - - -

Inselbergs formed in Coarse Porphyritic Granite and the older Granite have

a mode of 0.0321-0.0640 sq. ml., while those formed in syenite have a mode of
0.0641-0.0960 8q. ml. These are larger than those formed in migmatite with a
mode of 0.0-0.0320 sq. ml. These cbservations show that granites produce larger

inselbergs than migmatites.
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Some inferences may be drawn from the morphometric properties listed
above. Granitic inselbergs are larger and higher than those developed on
gneiss; and their frequency of occurence is greater than those on migmatite.
These variations do not necessarily suggest a difference in the evolutionary
pattern of these inselbergs; they only reflect the response to the same process
by different structures. This is important if the mode of inselberg evolution
is to be properly interpreted.

There are several factors which make it possible to conclude that the
inselbergs of South Western Nigeria have resulted from deep chemical weathering
and erosional stripping within several cycles. Primarily, there is a consistent
and close association between tors, corestones and low convex rock outcrops.

In the granitic terrain of Idere-Tapa, and Eruwa-Lalete, inselbergs and low
convex rock outcrops occur in close proximity, and these often carry tors,
corestones and skeletal soils. A mile north of Tapa, & low convex rock outcrop
has a large corestone precariously perched on it (Fig. 52), and remnants of
the supporting regolith are still present. East of Lalate, there is an area of
about two sq. miles entirely covered by low convex rocks, tors, corestones and
a few domes (Fig. 33). These features are also present around Eruwa where the
valley seperating the inselbergs are narrow, and the valley slopes carry a
large number of tors and corestones. The eastern side of the Oke-lho scarp has
several tors and corestones, but only a few domes are present. Near Idere,
several of the inselbetgs carry tors on their upper surfaces (Plates 24and25).
In the migmatite area, especially between Oyo and Fasola, domes occur adjacent
to convex rock pavements, both on the valley slopes and on the Interfluves, and
the low domes (Plate 26) exhibit the same features as the high bornhardts around.

Low convex domes are especially numerous between Agidan Hill and Oyo waterworks;
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Plate 24 - A tor about 20 ft, on an inselberg near ldere

Plate 25= Apother tor about 25

ft. high on the same inselberg



Plate 26 = A low dome between Agidam hill and Oyo waterwork, mote the perfectly domical

surface,
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there are 25 in an area of about 1 square mile.

The contiguity of these low convex rocks, corestones, tors, and large
domes in all these types of rocks, suggest that these features have been produced
by the same process within the same cycles. They can only be satisfactorily
explained as 2 result of deep chemical weathering and erosional stripping, but
not necessarily as envisaged by Ollier (1960) or Pugh (1966),

Rock Structure and Lithology: Importance of Joints

Most authors agree that the presence of joints determine the frequency of
inselberg occurence in any type of crystalline rocks. Where joints are relatively
unopened and far apart, large inselbergs are often formed; where the joints are
closer together and rdatively open, weathering will penetrate, destroying the
smaller blocks by reducing them either into regolith if advanced enough, or to
corestones. Thus zones of fissuring and shattering in crystalline rocks may
be marked by tors, corestones and amall rock outcrops. Where ingelbergs are
distributed close ¢t one another, as in the granitic area, this is a reflection
of the joint pattern, and where irregularly distributed, this can be traced to
spatial variaticns in the structure and lithology of the rock as in the cage
of migmatite.

Inselbergs in the Eruwa-Lalate area show a definite compartmentalisation
(Fig. 47) similar to those in ldere-Tapa area. This suggests that the emplaced
granites which gave rigse to these inselbergs were divided into large, subrectangular
compartments by a regularly spaced vertical joint system which now appears as
shatter zones. Migmatite does not show this type of compartmentalisation, but
some sort of joint control =a:ay be apparent, e.g. &t Ado Awaiye where a fault
line exists between Ado Rock and an adjacent inselberg. The joint patterns
in both inselbergs can be traced from one to the other. Unfortunately, joint

systems cannot be traced in the regolith once weathering has taken place in a
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crystalline rock, hence the above observations are tentative. Both Thorpe (1967)
and Thomas (1966) have associated deep weathering with areas of joints on the

Jos Plateau. The migmatite inselbergs show ; structurally controlled trend
making the rock weaker and less able to resist chemical weathering than granite.
Further, granites are composed of closely 1ﬁterlockod crystals with corresponding
low porosity whereas migmatite is foliated and relativesly porous making it more
sugceptible to chemical disintegration. Thus the morphometric differences noted
in the various inselbergs reflect the apati;l variations in the distribution of
joints in the different rocks, and also reflect their relative weatherability.

Differential Weathering In Granite and Migmatite

The distribution of the granitic inselbergs (Fig 47) suggest that the joints
are few and far apart. Chemical weathering penetrates along these Joint;:?:pidly
destroyas the shattered rocks between them and this often gives rise to a weathering
basin in which a local water table, unrelated to the regional water table, develops.
Weathering to some «xtent goes on below this local water table. Along the
joints, spheroidal weathering is especially pronounced, so that the large sub-
rectangular blocks into which the granites are initially partitioned are reduced
to semi oval and rounded forms. Thus, as emphagsised by Thomas (1962, 1966) the
domed shape of granitic inaselbergs would have beenm produced by subsurface weath-
ering ever before the overlying regolith is stripped away. The basal surface of
weathering in granite is often marked by corestones, and it has greater undulation
than that in gneisses.

In migmatite, chemical weathering is relatiyaly fast., With medium to high
porosity, water can seep through the foliation bands; the darker minerals are
destroyed first, after which there is a granular disintegration of quartz which
often forms up to 70% of the minerals in migmatite. As migmatite is more

friable than granite, often no corestones are produced. The basal surface of
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weathering is undulating as shown by seismic survey and boring across the Opeki
river between Igbo Ora and Eruwa (Fig. 19).

Regolith Stripping and Inselberg Evolution

Inselbergs in South Western Nigeria appear to have been produced by‘thc
erosional stripping of differentially weathered rocks. Many authors e;x;
Ollier (1960) claim that the initial surface on which weathering started was
flat and featureless with very little relief. These claims are difficult to
substantiate, but they often help to simplify the problems of weathering and
base level changes. In South Western Nigeria as noted in Chapter 5 and 6, the
initial surficial configuration is unknown, but geological history suggests
that the area was tilted southwards to the Gulf of Guinea from the primary
watershed.

The evolution of inselbergs depends on the following factors:

1. the total depth of weathering between the cycles of erosions;

ii. the height differences between the.balo leveii connected with the
cycles of erosions;
iii, the depth of stream incision within the curre: . cycle;
iv. the periodicity of cyclical uplift and base level changes.

These have been used in producing a schematic pattern of inselberg evolution

in fig. 54, and are discussed below.

Base level changes

The evolution of the high inselbergs observed in South Western Nigeria requires
multi-cyclic phases, but it is not possible at present to give a comprehensive
record of the base level changes involved. An attempt has been made to reconstruct
the base level changes involved from observations made at the inselberg terrains of
Eruwa-Lalate (Fig, 53) and ldere-Tapa area. The deductions are based on the local

surfaces and the heights of the inselbergs. The use of this type of data has some
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limitations. First, it is uncertan that the depth of weathering was the sane
over all the inseibergs before they were exhumed. Second, since exhumation
the domes have suffered differential lowering, hence accordance of summit may
not be relevant, Third, the different dome levels do not necessarily indicate
that they were produced under different cycles. With these limitations in
mind, the observations can be discussed,

Field evidence suggests the presence of three local surfaces in Eruwa-Lalate
area at 450-550 ft, 650-750 ft and 800-950 ft. The lowest surface is developed.
on schist lying between the granite, and the surface is in form of broad valley
slopes. There are pisolithic and detrital laterites near the streams where recfent
incision has ocoured as seen near Lalate. The upper surface is on the weathering
profile of the granite. It is covered in some places by detrital laterite as
seen within Eruwa township, and littered with corestones and tors. It is
separated from the lower surface by an irregular scarp formed By partially
weathered granite (Fig. 53). 21% of all inselberg. occuiences lie between the lower
(450-850 ft) surface and the upper. surface (650-750 ft). The highest surface
represented by the inselbergs' tops is at 800-950 ft, and these inselbergs constitute
69% of all the inseltcrgs occuring in Eruwa-Lalate area. There is thus an overall
local relief of about 500 ft between the lowest surface and the highest surface
which implies an erosional stripping of that extent,

In ldere-Tapa area, four local surfaces can be recognised. The lowest is
between 300-425 ft occuring close to the Ofiki river where it carries tors,
corestones and rock pavements. The next occurs between 500-550 ft, and is also
covered by tors, corestones, and rock pavements. 10% of all the inselbergs occur
between these two surfaces. There is another surface at 600-650 ft, and between
this, and the lower one (500-530 ft) 15% of all the ingelbergs occur. The

highest surface .'epresented by the tops of the inselbergs is at 700-950 ft, and
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these inselbergs constitute 60% of all the inselbergs. The local relief is
about. 650 ft,

In Abeokuta areg, the inselbergs at less than 500 ft are lower than the
Cretacaous escarpment at 500-6 25ft a.s.l. The Ogun valley forms the local
baselevel at about 100 ft. a.s.l. The local relief is 400-500 ft.

From these observations it appears that the baselevel changes involved
in the evolution of the inselbergs of South Western Nigeria could be estimated
at 400-650 ft. while this n;y be used to explain the height of most of the
inselbergs, it cannot apply to those at ljio and ldanre whose heights are
respectively 1,057 ft and more than 2,000 ft above the local surfaces. These
latter inselbergs appear to be considerably older than others and have undergone
greater changes of base levels.

The most important problem about base level changes is to determine the
amount of uplift involved in every change of base level, and to calculate the
number of baselevel changes that occured. Geyl (1981) has ﬁ::ﬁﬁﬁzzad that
base level changes all over the world as shown by erosion surfaces analysis
will be about 200 ft. within each cycle of erosion. This is difficult to
apply in South Western Nigeria. As shown in Chapter 5, since the Tertiary
period, there appears to have been two or three uplifts amounting to
150-200 ¢+ as seen at the headstreams of rivers in Meko-Aiyetoro area. This
in effect means that the pre-Tertiary baselevel changes would amount ©© 250-400 ft,
and several of the inselbergs are pre- Tertiary. There is no doubt that the
low inselbergs in Abeokuta :frea are Tertiary or much later as they were produced
when the Upper cretaceous sandstone was eroded (Chapter 13).

Erosional Stripping

The courses of the pre-Tertiary rivers responsible for the erosional stripping

appear to be similar to the courses of the presgent rivers, and there is nothing to
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suggest that they were ever aligned on areas of deep weathering as Ollier(1960)
pointed out in Uganda. Thomas (1966) is inclined to believe that rivers may

align on the top of the still nascent domes and that when the riverscut down to the
tops of the domes, they shift uniclinally to the cides of the domes. Although
attempts have been made to show that many of the rivers of South Western Nigeria
have changed their courses, (Pugh (1955) Wilson and Bain (1922), Jeje(in press)),
there is nothing to indicate that uniclinal shifting is responsible for all the
inselbergs. Wwhat is apparent is that the location of streams before and after
change of baselevel has nothing to do with the irregulaiity of the basal surface

of weathering unless such rivers initially occupy lines of faults or other

structural weaknesses.

The amount of stream incision that will occur with a change of basgse level
depends on the vi‘r“ml:-imn}pl-m involved, and the deduced base level changes
appear commensurate with the heights of most of the inselbergs inSouth Wegstern
Nigeria. The pattern of erosional stripfing of the weathered regolith is
fortuitous. Where there is a suitable lithological arrangement whereby laterite
overlies the regolith, erosional processes would lead to peraliel slope retr-at,
but where such an arrangement is absent, it appears that downwearing will
prevail. Unfortunately, no old weatherhg profile could be observed in the
field (on the basement complex in the thesis area), and the amount of laterite
present is negligible. All over South Western Nigeria's bagement complex, there
is a paucity of what can be considered as primary laterite in the sense indicated
by Du Preeze (1949). Instead detrital laterites are often found on interfluves, and
thege might have been formed by the disruption of an older laterite lying on
higher elevationas. The older weathering profile then could have been stripped

by erosional backwearing. At the present time, most of the slopes on the basement

complex are convex-conceve in profiles, and where detrital laterites occur,
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do not
theyﬁcivodyﬁ rise to free faces that could have encouraged erosional backwearing.

The present slopes appear to be modified by surface wash, and to some extent

by gullying, rilling and creep. Thus whatever process might have occured in the
past, today the dominant erosional process in the inselberg terrain is not
backwearing but that of surface wash leading to the downwearing of the regolith
in between the inselbergs.

In areas of migmatite, weathering is more thorough and the basal surface of
weathering is rather gharp andregular; with base level changes, erosional stripping
iill reveal lower and smaller ingelbergs than in granite. Where fracture zones
have delimited large cuboids of rock, however, the inselbergs would be larpge.
Migmatite inselbergs are fortuitously exhumed depending on the intensity of
local erosion, and on the amount of the basal surface of weathering revealed
within each erosional cycle. Hence extremely low domes often occur adjacent to
high domes. Inselbergs in migmatite show no petrological boundaries between
them and the local rocks.

In the granitic areas, the development of inselbergs closely follow tne
joint pattern which divides the original rock into large cuboids. The basal
surface of weathering in granite is highly irregular and with the stripping
of the overburdening regolith, large and often high inselbergs are juxtaposed
with corestones and tors and in some cages, the tors and corestones occur on the
inselbergs (Plates24 and25). Inselbergs in granite are not fortuitously
exhumed. The pattern of stream development in the granitic areas is markedly radial
or rectangular (Figs 45 and 47) indicating that these streams initially occupied
zones of weakness in these rocks, and it is along these zones of weakness that
weathering is concentrated. Thus the pattern of erosional stripping is probably
compartmentalised, but this is no way indicates that each compartment shrunk

towards itself by parallel slope retreat. The steep sides of granitic inselbergs
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almost invariably mark the boundaries between granite and the weaker surrounding
rocks. 1t can be concluded that inselbergs basically are products of differentgil
weathering and erosion under multi-cyclic phases.

Further Evolution of Inselbergs (Disintegration)

Quite a large number of the inselbergs of South Western Nigeria have
.existed since the pre-Tertiary period surviving several cycles of deep weathering
and erosional stripping around them. Between these cy¢lvs, some inselbergs
are destroyed with their destruction related to the opening of the tight joints
wit*hin the rocks which initially ensured their survival fr-om subsurface
weathering.

After the exhumation of inselbergs, the joint system within them still
controls their mode of evolution. The closed joints within inselbergs are
often opened up by weathering agencies especidly by rain water seeping into them
and initiating chemical weathering. (Plate 27). In as much as such vertical joints
divide the inselbergs into large blocks, when the joints are widened by weathering,
the individual blocks tend to collapse outwards (Plate 238). This has two effects.
In low domes, with this collapse, the dome:is destroyed and replaced by large piles
of angular blocks; in medium to high domes, the central block may survive
surrounded by large debris (Plate 29) to form the typical castle kopje. The
upper domical convexity of the former inselberg can still be seen on top of
such castle kopje (Plate 28). Thomas (1962) is of the opinion that czstle kopjes
are formed when an inselberg reaches a critical but und€fined height, and its
internal cohesion is overcome by tensional splitting along the joints, leading to
outward collapse of the blocks. It is difficult to envisage how the concept is
applicable since several inselbergs rise from over 400 ft. to 1,000 ft. above their
local plaing with no tensional splitting along their joints. Mosat castle kopjes

observed are between 120-250 ft. above their surrounding plains, and they occur



Plate27 < Vertical joint being opened up by weathering.

Plate 28 = The vertical joints within the low granitic dome at the centre of the
plate have opened up, and the blockse collapsing outwards. Notethe
upper convexity and the steep sides,
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mainly in granite and syenite. It appears that their formation is related more

to parent rocks than to any critical height. When granitic inselbergs are exhuncd, tb
vertical joints within them are opened up by weathering agencies making their
conversion into castle kopjes relatively faster than in other rocks. No example

of a castle kopje was seen in the migmatite area,

Pugh (1956, 1968) has noted the phenomenon of dome-on-dome feature in
inselbergs and sttr-ibutes their formation to erosional bevelling within more
than one cycle of erosion. This feature has been observed in the field on both
¢rrnitic and migmatite inselbergs. The formation of the feature is relatci to the
horizontal joint pattern within the rocks. Smaller domes are found on large domes
near Eruwa, the vertical joints within the smaller domes have been opened un and
the domes are tending to coppapse outward. This shows that they were not formed
by erosional bevelling. The dome~on-dome feature is noted strongly on a low
nigmatite inselberg near Ado Awaiye, and on a granitic inselberg near Igangan.

The impression of the dome-on-uome feature arises because of the curvilinear
Jjoints present in these domes. These joints do not entirely cut across the
inselbergs, so that while a part of the inselberg gives the impression of a dome-
on-dome, the other side gives the impression of a single convex slope (Plate 30).
If the feature is due to erosional bevelling, then all the inselberg's sides must
be equally affected.

Physical and chemical weathering continue to affect the evolution of inselbergs
after their exhumation. Unloading is an important aspect of the physical dis-
integration of inselbergs. This is a phenomenon whereby large sheets 3223 ft.
thick are produced on inselbergs when the overburdening regolith has been
removed. The sheets are said to be produced when internal compressional stresses
within the roc<s are released vertically and horizonially as a result of erosional

stripping (Twidale 1964). Twidale (1964) and Mabbutt (1952) observed that the



Plate 29 = A castle kopje developed in syenite near Oke-lho. Note
the central surviving block.

Plate 30, An inselberg near Ado Awaiye, To the left i1 the "dome-on=dome"
feature, but to the right, the slope is continuous, Mote th:
horizontal joint below the upper "dome",
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degree of curvature of the sheets decrease with depth, and éthers believe that
the unloaded sheets are curvilinear all round like onion skins. These
observations are not always seen in the field, The form of the unloaded

sheets appear to vary in different rock types, On most of the coarse por=-
phyritic granite inselbergs, the sheets are curvilinear following the contours:
of such inselbergs (Plate 31), On migmatite, unloaded sheets assume various
shapes and forms, but never this curvilinearity. They may often be horizonfal,
thicker at the middle, and taper away at the edges] where they develop along
fuliation lines they are oval shaped and massive; they may also be platy wvitha
their sides sharply truncated,

Unloaded sheets often cut across the vertical joints and the grain of:
the rock minerals., The specd at which they are broken up depends on the
nature of the rocks forming them, Generally migmatite inselbergs are
surmounted by few blocks, but at their bases, large screes are present,
Granitic inselbergs are in several cases covered Ly large blocks, [t could
be that disintegration of unloaded sheets is much faster in migmatite than
in granite or this may simply reflect the different times at which unloading
occured,

Thick exfcliation sheets 9 ins, -« 2 ft, thick are found more frequently
on the convex and straight slopes of the gneissic inselbergs than on the
granitic types (Plates 32 & 33), They are formed as a result of chemical
weathering penetrating along the foliation linea., The rock then split off like
onion skins, These occur more rapidly than unloading,

Superficial exfoliation producing sheets 0.5 ins, - 3,0 ins. thick is-
common on al! the inselbergs, Locally these thin slabs concentrate in gullies
on the inselbergs, but they are usually deposited at the base of the flatter

slopes., On granitic inselbergs, most of these small slabs are completely



Plate 31 = Granitic inselberg near Aiyete covered by an unloaded sheet which
is breaking up into large blocks,

Plate 32 - Exfoliated sheet on granite-gneissic inselberg near Igangan,
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disintegrated before reaching the base of the inselbergs, Field observations
show that several new slabs were formed on gneisses between, March and June
of 1969 (Plate 347), A possible explanation of their formation lies in the

. high insolation intensity of March (hottest month of the year) coinciding
with the period of bush burning, Also gt this time there were occasional
rains that could chill the extremely hot surfaces of these rocks leading to
the exfoliation of the thin slabs,

There can be no separation of chemical and physical weathering but it is
convenient to isolate them for discussion. All the large blocks and small
slabs are weathered in situ either lying on the inselbergs or lying on the
footslope. They suffer hydration (Plate 35 ) and granular disintegration.:
Examples of case hardening vwere noted in granite gneiss blocks (Plate 36 );
with the outer parts of the blocks being hard while the inner parts were soft,
Olijer (1965) has suggested that this may be. due to chemical addition to the
outer layer of these blocks and leaching from the centre. Deep weathering
pits variously referred to as taffoni or oricangas are developed on inselbergs.
These are different from the grinding pites common on most inselbergs, Weathering
pits are found on the flatter upper slopes, but could also be found on the
steep convex slopes (Plates 37 & 38 ), They mav hold water as seen on the Adc
Rock, Weathering pits are formed where weaker intrusions are present in the
main rock, or may be formed where pre weathering occurred along convergent
joint lines. The one on Ado Rock is found at the point of convergence between
N~S and 500-220°(NE«SW) joints, They may also form along the foliation planes
(Plate 38.). In some cases, the reason may not be apparent, Where the pits
are favoural'ly located, they are widened and enlarzed by pot holing,

Both gnceissic and granitic blocks often have thoir surfaces etched

(Plate 39). The rough surfaces of such blocks often accumulate dust or may



Plate 33 = Exfoliated sheet on migmatite inselberg south of Iseyin,

Plate 34 -~ Fresh superficial exfoliation on granite-gneissic inselberg near
Igangan. The rock pile to the left was brokemn up by the author.
To the right the exfoliation was not disturbed,



Plate 35 = A block of granite undergoing weathering in situ, The rock is soft
and can be broken with gentle taps with a hammer,

Plate 36 « A block of granite-gneiss which is case hardened,



Plate 37 - Weathering pit on the convex slope of a migmatite inselberg near
Fasola,

S

Plate 38 = Weathering pit along the foliation planes of the Aseka Hill (migmatite),
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be colonised by lichens, mosses, and algae, After some time, they are further
colonised by hardy grass e,g. Czlindrigg—;gggrata which are capable of trapping
more dust to lead to more grass growthfc-;;ele plants produce humic aclid when
they rot, and this acid reacts with rain ynter to cause subsurface rotting

of these blocks, In an extremely dry season, the grasses and micro flora die,
their roots no longer retain the scil, it is blown away to reveal irreguilar
hollows on the blocks,

Trees can also grow between joints to cause physical and chemical
uisintegration, Thick exfoliation sheets are often delimited by superficial
joints along which hardy grass and plants growi as the roots of the plants
develop, they widen the joints and the exfoliation sheets are broken up, Deeper
joints in the main inselber:s are also opened up by chen;eal weathering and pgets
colonised by grass and trees, Focliation planes are also equally colonised with
consequent weathering. The enlargement of such joints and foliation planes
causes depp grooves on inselbergs and can initiate gullies (Plate 40).

Rain water falling on inselbergds surface, runs off, often in sheets
which seep into the scree at the base of inselbergs to effect subsurface
weathering, Where such weathering coincides with horizontal joints deep niches
are formed at the base of the inselbergs, It is not surprising to see cultivation
localised on the scree slopes in the savanna area as water often seeps out
from the base of the slopes even in the middle of the dry season, With eros-
ional stripping of the weathered regolith at the base of the inselberg, the
typical basal concavity results, There is nothing to show that such overe
hangs may collapse as suggested by Twidale (1964) unless vertical joints are
present, Ti::is phenomenon referred to as basal sapping or foot rot - Ruxton

and Berry (1261a) is common to all inselbergs whether granite or migmatite.



Plate 39 « Etched blocks lying on an inselberg near Odo=-Oguin

Plate 40~ A gully developing alone a weathered joint plane.,
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The net effect of both physical and chemical weathering on inselbergs
are these: (i) a general but slow decrease of inselbergs' heights and areas
will occur, This may, to some extent, affect the pattern of local precipitation
over a long period, When inselbergs are very high, as the Ilele Hill (1,057"
above its local surface), they often cause local orographic rainfall when warm
air is forced to rise, but with their steady decrease in height, this pattern
will change, (i:) More important, replacement slopes are built around
inselbergs where unloaded blocks fall around them building screes (apron drift)
("i-te 41), This reflects the balance between waste production from inselbergs
and the destruction of such waste materials by weathering and mass movement at
the base of the inselbergs, (1ii) Skeletal and occasionally deep soils are
developed on inselbergs and this leads to vegetation colonisation of the
inselbergs., The waste matter from these vegetation often react with rain water
to further effect the chemical destruction of such inselbergs, (iv) Subsurface
weathering of inselberg's bases coinciding with the opening up of vertical joints
near the bases lead to a steepening of the inselbergs' sides,

Weathering is not as important as surface run off and gullies in
destroying inselbergs. Direct surface runoff on inselbergs' surfaces is the
most efficiént¢ way of disposing of the large amount of water falling on the
inselbergs in the rainy season, and some 80% is removed in this way. Run off
transports away the particles of weathered material and the exfoliated rock
flakes to produce the typical rough inselbergs' surfaces (Plate 42 ), Ul;ally
no channels result, but permanent channels may be developed where there is a
concentration of runaff along pre weathered fcliation planes in gneisses,.

This is espccially common on the steep faces of the Ado Rock where a aysteg
of rills havc developed on the western face which pertaps induced Pugh (1955)

to conclude that the steep slope is retreating parallel to itself, After the



Plate 41 = Scree at the base of an inselberg near Eruwa,

Plate 42 = Run off has transported away the weathered particles and the
exfoliated slabs to make the surface of this inselberg rather rough,
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rains, some of the water may be retained in patches of scil on the slopes, with

drainage some 3-4 days after the rain, Some water seeps directly into joints

(Plate 43) to appear at the base of inselbergs as springs, but such springs

are incapable of causing spring sapping.

Gullies are present on all the inselberg types and as correctly observed
by Savigear (1960) they are responsible moro than other ageute for destroying
inselbergs, Gullies may divide inselbergs into two or more parts e.g. Agidan
hill near Oyo (Plate 44 ) and they are more common on migmatite than on granite,
On the Ado Rock, eight gullies occur on the eastern side alone., The gullies
are often very large, On a migmatite inselberg near Iseyin, one fully measure.i
300 £t, in length, 180 ft. in width, and 100 ft, in depth, and near Odo Ogun
village another measured 300 ft, in length, 30 ft. in width and 20 ft, in

very large
depth on a migmatite inselberg. Those on the Ado Rock are of immeaswruirle
dimenedend (Plate 45 ),

Gullies can be initiated by several causes,

(a) They can form where weaker dykes of pegmatite intruded into either granite
or migmatite, The dykes weather more rapidly than their host rocks and
form depressious along which run off is channelled., The depressions
gradually get enlarged into gullies. This is common on the granitic
inselbergs around Eruwa,

(b) Gullies form more commonly along joints in all the rocks as a result
of expansion and widening of the vertical joints by weathering (Plate 40),.

(c) On migmatites gullies are initiasted along the foliation planes. Tpis may
explain why gullies are more common on migmatite inselbergs,

(d) Gullies may originate at the top of inselbergse where pre weathering along

convergent joints created a "trough-like" feature. Such featurea are



Plate 43 - Water seeping out at the lower part of an inselberg, from a2 vertical
joint. (Feb, 1969),

Plate 44 - Agidan Hill near Oyo divided into two parts by a gully.
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common on both nign;tite and granite, On Ado Rock, such a trough measured
100 ft, in lcngth, 16 ft, in width and 6 ft, in depth., Water is channelled
away by these troughs, and the transported boulders deepen the channels,
subsequently creating deep gullies,-

After initiation, gully development is by headward erposion along the
Joints and the foliation planes, Erosion is preceded by weclihering, runoff
removes the weathered uateriasl nnd-JEbs incised into the weathered plane,
Lateral development is by exfoliation and spalling of rock slabs, Downe
cutting is effected by pot holing with the fast runoff using the exfoliated
slabs as erosional tocls. Most of the gullies observed are: still downcutting,
but some are choked with debris which are rotting in situ (Plate 46 ). Spectacular
as the gullies are, their development is relatively slow, and rather intermi=-
ttent.

The rate of operation of all these destructive agencies is relatively
slow both in time and space, and this makes it possible for many inselbergs
to have survived several erosional cycles since the pre~Tertiary period.

There are still some features connected with inselbergs e.,g. basal knicks and
depressions not ..uisuviied in this chapter, they will be examined in the

succeeding chapter.



Plate 46 - Gully filled with debris rotting in situ (south of Iseyin),
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Chapter 10

Pediments \

Pediments constitute important landform elements on the cﬁystalline
basement complex of South Western Nigeria, Descriptions of pedi%antl occur
persistently in the literature on inselbergs, but with the excepﬁ?on of Pallister
(1956) no attempt has been made to show the different slope unita?fdund on
pediments, In this chapter, the following will be diascussed:

a) the extent of pediments around the different types of inselbergs,

b) the slope units constituting the pediments and the material associated
with these slope units,

c) differences in pediment declivity in different vegetation zones,

d) characteristics of the abrupt junction between inselberg's base and the
pediments head, and

e) the nature of the footslope depressions found at inselberga' bases,

Methods of Study

Slope measurement was based on the slope mapping system suggested by
Savigear (1956) and later revised in 1965, The differeni slope units were
recognised in the field and measured orthogonally across the contour lines from
the adjacent streams to the bases of the inselbergs. An Abney level was used to
take slope readings, ranging rods and a measuring tape were used to measure the
distance between the slope breaks, Pediments were measured in different geo=
morphological regions, especially on the dominantly atripped etchsurface, and the
dominantly stiripped etchplain, and in different vegetation zones. The latter
included the forest around Ife, forest/savanna area around Ohq and ldere~Tapa
districts, and the savanna area between Oyo and Fasola, Ado Awaiye - Iseyin and

Eruwa=Lalate districts,
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Around each inselberg, attempts were made to measure slopes on a N.\Sf E
or W, or on a NE, NW, SE or SW pattern wherever possible. In several cases, however,
this proved impossible either because of the physiographic location of the inselberg
(i.,2., where located on a valley slope) or because of thick vegetation around
the inselbe: g which made the cutting of traverses difficult and expenslve._ The
number of pediments measured in the forest area were few because of inaccessibility.
For ekch slope segment or element, the material conpoaing the slope was
investigated based on three categories (i) whether it is conposéd'of mainly
unweathered material, usually coarse rock fragments, (ii) whether it is composed
of weathered or partially weathered material immersed in soil matrix (iii) or
‘whether it is composed mainly of soil with or without a few rock fragments,

Pediments Sensu Stricto

Due to the difficulties of interpretation, many geomorphologists have
avoided using the term "pediment" especially in the humid tropics e.g. Savigear
(1960), Ruxton anc¢ Jerry (1961a) prefer to use non-genetic terms to describe
the slope facets below inselbergs. They divide the slope profiles into plain,
plinth (footslope) and hillslope, The major problem lies in deciding where
each type begins and ends, and this may not be possible. In an earlier paper
(1958) Ruxton and Berry used the words "piedmont angle" to delimit the inselberg
slope and its associated scree slone from the lower slope units, calling the
slope above the piedmont angle, the upper pediment, The'use of these non=-
genetic terms can lead to further confusion and so it seems advisable to retain
the word pediment and use it with some caution, The term could be applied to
footslopes below inselbergs wherever they occur, notwithstanding the processes
that could have produced them, It is best used as a descriptive rather than as

a genetic term, thus in this work, the word has no genetic significance,



182

Delimitation of the upper and the lower limits of pediments

The delimitation of the lower limits of pediments presents no problem as
most pediments are bounded by streams, Where such streams are absent, pediments
are often terminated where the land starts to rise to other neighbouring insel-
berga. The upper limit of pediments is more difficult tP determine, qyxton and
Berry (1958) state that the pediment is separated from tgo 1nne$b§rg end its
associated scree slope by & distinet piedmont angle, and this view is shared
by Cotton (1947) and Rahn (1966), Savigéar (1960) did not make this distinction,
but established that both steep and relatively flat footslopes can occur together
depending on the nature of the constituent material and the erosional processes,
Most of the examples cited by these authors are from the semi arid areas., In
the humid tropical area around Oyo, Thomas (1967 p. 251) has shown that even
around a single inselberg, there are different types of slope breaks between
inselberg and the surrounding footslope.

In this study, the delimitation of the upper limit of the footslope is
based on the recognition of the gently or sharply concave slope element which
often separate the scree slope from the flatter slope below. Where no scree
slope exists, this concave slope element is well marked (Plnéé 47 ). However,
it must be noted that in several cases, the inselberg llqpe itself may merge
imperceptibly into the footslope with hardly any change of slope especially where
the asymmetry of the inselberg as delimited by its bounding joints, foliation
planes and dip of foliation is well marked,

Relative sizes of Pediments

The impression gained from the literature is that pediments are extremely
wide, often several miles in length from the inselberg to the neighbouring stream
lines and are regularly concave away from the inselbergs, This omay be true for

arens where pedimentation and erosional bevelling are important geomorphological
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processes, but it is not necessarily true for the humid tropical area of South
Western Nigeria,

The relative longitudinal extent of pediments from the stream line to
the limiting scree slope at the base of the inselberg depends on the physiogrephic
location of the inselbergs, Where inselbergs are located on valley slopes close
to the streams, pediments are very short or non existent. The average iength
of pediments of this type is about 700 ft* Where inselbergs have been produced
by compartmentalised weathering and erosion as in the granitic areas of Eruwa-
Lalate, Idere-~Tapa, Oke~lho-Iwere, pediments are very short averaging 500 ft,,
although a few may be up to 2,000 ft, long (rFigs. 65 and 56), Where the sides
of the inselbergs mark petrological boundaries with the country rocks, and the
footslopes are developec on weaker rocks like schist or amphibolite, e.g. at
Eruwa, pediments could be more than 2,200 ft, long, Where inselbergs are
located on the principal watersheds, the pediments are very long often reaching

300 ft,

Pediment slope units and materials associated with the slope units

The terminology used here is based on Savigear (1956) and are shown below,
Slope profile = all the slope units within a longitudinal section traverse
from the stream to the inselberg slope,
Slope unit - slope segment or slope element,

portion
Slope segment - a rectillinear protion of a slope profile,

Slope element - a curved portion of a slope profile whether convex or concave,
Convex slope element - this increases continuously in angle downslope,
Concave slope element - this decreases continuously in angle downslope.

A slope sequence = a portion of a slope profile consisting successively of

a convexity, a maximum angle segment and a cor2osvity,
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All the pediment slope profiles measursd can be conveniently grouped imto
three types}

a) The concave profileas: These constitute 80% of all the slope profiles
measured, The slope starts imperceptibly'rron the stream line rising gradually
to tb2 scree slope and the side of the imselberg, They occur mainly where there
has been no recent stream rejuvenation. The profiles usually consist of 2 = 4
slope regments and elements (minus the inselberg's slope), but the most typical
are those consisting of two slope segments and one slope elem&nt, The first
seguent away from the inselberg is the scree slope which varies from 100- 37'

in both granitic and gneissic areasj the length of the segment varies from

25 tt, to 180 ft, (rigs, 556 and 56), The declivity of this slope is mainly
determined by the coarseness of the material shed by the parent rock, and most-
of the scree slopes are steep because the materials composing them are large,
coarse, blocks of varying dimensions which may be partially weathered, or fresn.
These Bcree slopes ure often mssociated with the steep sides (30°%- 850) of
inselbergs, but thia association does not hold in all cases,

The next segment is rectilinear, but could be concave at times, It is often
separated from the main scree slope by a sharp break, or in a few cases, the
point of separation may be imperceptible, The slope of this segment varies from
23°-114°, and the length varies from a few feet to more than 100 feet., It is
composed either of completely or partially weathered blocks (mére than 80% of the
constituents) immersed in soil, or, at times of coarse fragments of quartz and
felpars mixed with finer soil constituents, In several cases, this particular
slope unit has replaced the steep scree slope, Two independant processes could
have been responsible for the formation of this slope unit. First, the materials
composing the slope segment could have been washed out ia a sorting process from

the scree slope above by rill action., This is the process favoured by Savigear(1960)
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Second, the materials composing the slope segment could have been derived from the
inselberg by exfoliation, washed down slcpe in the form of debris, .and stream
deposited at the base of the inselberg where it will undergo weathering and down
slope mass movement, This second explanation will be valid where no large debris
slope is present, The above slope unit is often considered as the pediment head
as it separates the scree slope from the footslope below,

The lower pediment slope unit is the most important because it il-llways
present around inselbergs, Its declivity depends on the physiographic location
of the parent inselberg., Where inselbergs are on valley slopes, this slope unit
varies from 3°- Gio. elsewhere it is rarely above 6°. The slope is mainly
composed of weathered regolith with laterite occasionally cccuming on its surface,
but in many instances, low convex rock outcrops, corestones and tors may diversify
its surface, As this slope occurs regularly around most inselbergs, it appears
most useful as a measure of comparison from area to area,

b) Concave = Conv.x Profiles,

These constitute about 11% of all the pediment slope profiléﬂ measured
(Figs., 65 and 86) and are commonly found in areas of recent stream rejuvenation.
The profiles coneist of 3 - 5 slope units, but the typical type consists of 4
units, All the segments and elements discussed above are present and not
essentially different. The fourth slope unit is the convex slope element near
the river which varies from a few feet to several hundred feet. ~“Its declivity
varies from 2i°- 70. The surface of this slope element is often masked by piso-
1iths of laterite and is also occasiocnally scoured by rills, It is almost
invariably followed by a flat slope unit near the river, composed of alluvial
material,

c) Complex Profiles

Thege have the slope units discussed in the Concave, and the Concave~Convex
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Profiles, but are diversified by minor slope units near the inselberg bases
(Figs. 55.and 56), The scree slope is absent and is replaced by a flatter
slope unit of 1°- 4°. This slope is followed downhill by another slope »unit
2% 6° and the two together constitute the basal depression at the base of the
inselberg, (Figs. 85 and 66). These are then followed by the other slope units
previously discussed,

Pediment Angle under different Vegetational/Rainfall Regimes

In chapter 5, it was emphasised that erosional processes, especially

surface wash, are nofe pronounced in the savanna than in the foreat because of
wveaetation cover

the differences in the legth of tha rai-w seasen, The implication of this is
that footslopes in the forest will be steeper than those in the savanna, defore
comparing footslope declivities in the different vegetation zones, it is necessary
to note that there are other factors governing footslope steepness, They are the
nature of the parent rock, and the stage of erosional stripping of weathered
material by runoff :nd other agencies, In the field, ditferencas?in parent rocks
have not affected the declivity of thée footslopes and these produced around
granitic inselbergs have the same slope units and angles as those produced around
migmatite inselbergs, This is especially marked where measurements are carried
out in the same landform category e.g. Oyo=Fasola (migmatite) area, Oke~Iho=Iwere
(granite and syenite) area, To solve the problem of differences that may ofcur
as & result of differences in the stages of landform development, slope profiles
were also compared for the dominantly stripped etchsurface, and the dominantly
atripped etchplain in the savanna, Both show no basic cifferences.

The three vegetation zones in the survey area are the Derived Savanna, the
Forest/Savanna transition zone and the Foreat, Some work was cafried out in the

forest avound Ife. The derived savanna resulted from the long term effects of
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shifting cultivation and annual firing, as exemplified in Oyo district where

the area has been in use over 200 years, In the forest-savanna area, where
patches of forest occur in the savanna and vice versa, settlement and cultivation ™
is still recent, Since the vegetation types and length of deforestation in both
areas are different, pediments would not be of the same devrlivity, The savanna
area will have flatter slopes while the pediments in the savanna/forest zone

would be steeper, and those in the forest will be ateepest, The table below

shows a summary of the observntion-.nade under the different vegetation zones.

Table 34; Pediment slopes in the different vegetation zones

Number Vegetation 0°+~0,9° 1,0%1.9° 2,0%2.9° 3,0%3.9° 4.0%4.9° 5,0%5,9° 6.,0%6.4

48 Derived

Sevanna % - 56,25 16,7 10.4 8.3 6.25 12.10
11 Savanna
Forest % - 9,0 27.0 37.0 27.0 - -
3 3 Forest % - - - - 33.4 66,6 -

The following analysis also tend to confirm the relationship between slope
and vegetation, In the derived savanna, the slope declivity has a range of 1°—6°
with a mean of 2,25° and a standard deviation of 1,39°, In the savanna/forest area
the range is 10-4§° but the mean is 3.10 and the standard deviation is 1.170.
Both measurements show no normal distribution, In the forest area, the data is
regretably few, but slope measurements in places 15 miles apart show a range of
4}0-50 with a mean of 4° 50°,

The chi-square method is employed to test the observed values of pediment
slopes in the forest/savanna and the derived savanmna area. The x2 value is
152.35 and the Degree of Freedom is 5. From the Table 5 of the Cambridge
Elementary Statistical Tzble by D.V. Lindley and J.P. Miller, it can be

seen that the difference between the slope categories is significant even
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at 0,1%. The data for the forest area %not enough to perjit the analysis
of variance for all the slope categories, but it appears that it is also
significantly different from the other areas, More ;ystematic survey of these
slope units und_er the different vegetationzones is still necessary in order
to make available a karger body of data to permit of more rigorous testing. The
hypothesis that can be advanced is that although factors like rock type, stages 5
of landform development and erosion, and the physiographic location of inselbergs
affect pediment slopes, the angles of footslopes are more fundamentally affected
by the vegetation prevailing on the footslopes, Footslopes in the savanna are
generally flatter than those in the forest,
Basal Knick

Many iuthors have referred to the fact that sharp knicks often separéte the
slope of the inselberg from the footslope below it and several theories have been
advanced to explain this phenomenon, Ollier and Tuddenham (1961) attributed the
formation of the basal knick to unloading of the "onioneskin" ~like exfoliation
sheets regularly from the inaselberg. King (1949) attributed the formation to the
absence of sacree at the base of inselbergs, Twidale (19262), Savigear (1960)
and Ruxton and Berry (1961a) state that the basal knick could be formed by
chemical weathering at the base of inselbergs and selective erosion by unconcentrated
wash which removes the finer graine from the coarse blocks of the upper ecree slope
to build a flatter slope., Rahn (1966) believes that the basal knick is formed
by the lateral erosion of streams at inselbergs' bases, and that such knicks, once
developed, are maintained where the inselbergs shed coarse maferial to the inselbergs'
bases, Pugh (1v66) ascribed the basal knick to lateral stream erosion at the
foot of an inselderg,

With a few exceptions, most of these authors have observed basal knicks in

semi-arid enviropments and formed thecir conclusions accordingly. The most obvious



189

problem is to decide precisely what is the basal knick? Ruxton and Berry (1961a)
deacribed it as a sharp piedmont angle bétwaen the scree slope and the upper
pediment, This is not always seen in the field, and there seess two possible
definitions: either as the point where the inselberg's steep side slope abuts
directly on the pediment with no masking scree present (Plate 47 ) or as the

point where the steep scree slope abuts sharply on the gent%rr slope formed by the
weathered and partially weathered smaller blocks, Thomas (1%67) has shown that
around a single inselberg the point of junction between tha'?lopes of the inselbergs:
and the footslope below varies and concludes that “the hill apes not always adjoin
the surrounding plain at an abrupt ‘'piedmont' angle, and the distinction between
hill and the plain is not always straight forward",

Basal knicks, by the second definition are fairly common around inselbergs
because the steep scree slopes, cowposed of large blocks are often separated
sharply from the lower slopes composed of weathered material, The reason for
this is apparent; the angle of inclination of the coarse material comprising
the steep scree slope is different from the angle of inclination of the weatihered
material forming the gentler slope below., With the firat definition, the basal
knick is very difficult to explain as it implies that the g entle footslope merges
abruptly (at a sharp angle) with the steep slope of the inselberg, and there is
a couplete absence of scree cover, This type of basal knick occurs infrequently
either associated with basal depression at the foot of & large inselberg, or
with no association with a basal depression, For example, around a migmatite
inselberg at Egbeda near Fasola, no scree slope was present at the eastern side
of the inselberg (Plate 48) and runoff, especially free fall from the slmost
perpendicular face of the inselberg kept its base free of debris. The point where
the base adjoins the surrounding slope is sharply marked., In this particular

instance, the theory of King (1849) is substantiated, Nevertheless, this fora of



Plate 47 = The eastern slope of the Aseke inselberg is convex and merges
abruptly with the footslope,

7o ]

Plate 48 = The perpendicular slope of this inselberé merges aﬁruptly with the
footselope and showe a distinet basal knick. There is no scree slope
at the base of the inselberg.
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sharp basal knicks can only be explained in relation to the formation of the
basal depressions,

Basal Depressions

Basal depressions are not always present around inselberga, They occur
more frequently around large whalebacks than around smaller inselbergs, The
depression may occur just beneath the base of an inselberg or may be separated from
it by a small narrow threshold composed of partially weathered rock fragments
embedded in soil matrix, The depressions vary in depth from 25-50 ft,, but their
widths are much largey, often up to 200 ft,

Many theories have been advanced to explain how basal depressions are formed,
Cotton (1947) ascribed the formation to lateral stream planation, with the stream
moving against the base of the inselberg as the inselberg's slopes retreat backe
ward, and the outer bank of the stream being colonised and stablised by grass
whose roots trap soil, Pugh (1956b) took the view thit it was formed by lateral
stream erosion at the base of inselbergs. Following the break up of an older
erosion airface, the streaps coming from the old surface on resching the lower
surface geft deflected laterally by alluvial fana and have to flow against the sides
of the inselbergs. Clayton (1956) believed that the basal depression was formed by
spring sapping on the pediment and the headward progression of the springs along
the weathered zone surrounding the inselbergs. When rejuvenation occurred, the
depression was deepered, Savigear (1960) mentioned that the depression could
have been formed as a result of convergence of surface water draining the inselberg
slopes or due to the emergence of spring water, Thomas (1967) said that the
depression could have been formed by runoff from the dome surface becoming
concentrated at the base to form the depreésionl. An important point to note
however, is the importance of weathering at inselbergs' bases., This has been

discussed in Chapter 9, and it is only rnecessary to emphasis here that chemical
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weathering goes on throughout the year around most inselbergs. The presence of
absence of basal depressions around 1nselb;rg: will depend on (i) the depth of
weathering around inselbergs and the amount of local erosion on the weathered
zone around inselbergs by direct runoff from the surface of the inselbergs}
(i1) the pattern of surface and subsurface movement of water around the inselberg
and on the pediment.

where-inselbergs are located on valley slopes with their long axes parallel to
the slope, or on a general slope that controls the local surface and subsurface '
pattern of hydrological movement, direct surface runoff from the imnselbergs slopes
can form basal depressions, If these inselbergs are devoid of superficial
debris, rain water is often rapidly discharged in sheets down sits steep slope. At
the base of the inselberg, the runoff is forced to mow downslope hugging the
foot of the inselberg, Part of the runoff will seep into the goil below, but
the greater part flowing on the surface is capable of removing the superficial
debris at the base of the inselberg, often using the debris to cut a channel for
iteelf, Weathering is continuous at the base of the inselberg, and erosion takes -plac
inkha wet season, This process when repeated over ‘a long period can lead to
excavation of a depression at the base of an inselberg. These depressions are
found on both sides of an inselberg near Oha (near Ado Awaiye), and they coalesce
into one at the downslope spur end of the inselberg, This type of basal depression
does not occur around all inselbergs located on valley slopes; they were observed
only around two elongated inselbergs. Clayton (1966) rejected the view that
basal depressions could be formed by direct runoff from inselberg's surface as
envisaged above, He based his objection om his observations that the depressions
around inselbergs are always of the same size, and as the inselbergs vary in mass,

runnoffs from them would not produce similar depressions, Clayton did not give

the dimensions of the depressions he observed, but the present work shows that
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basal depressions are of varying dimensions and their dimensions are often related
to inselberg sizes, Clayton's objection that direct runoff from inselbergs®
surfaces cannot produce basal depressions cannof be sustained,

In some places where large gullies are developed dn inselbergs, it is possible
for basal depressions to occur where the water from these gullies is discharged on
to the footslope, King (1649) observed that "where waters emerge from deeply
funnelled gully, their scouring effect is distinctively puny, scouring only shallow
gullies across the narrowly surrounding pediment which stands between the basal
knick and the lowest line of depression into which they run." This observation,
made in the semi arid area of South Africa, is essentially correct because in such
a place, alluvial fans are likely to be deposited at the mouth of the gully and the
water from the gully gets dispersed and cannot effect linear erosion on the footslope,
This has also been observed around some inselbergs in South Wgstern Nigeria; where
the gullies?! mouths were choked with debris, no channelled flow occurred on the
footslope, but in cther cases individual gullies often continue across the footslope
@.,g. around Ado Rock.

Whers debris is absent at gully mouths, and ihere several jointealigned
gullies converge to discharge their water on the footslope, such discharge often
cuts deep channels. The stream flows close to the base of the inselberg in a
downslope direction to the nearest higher order stream, Examples of such basal
depressions were seen near Odo Ogun village between lseyin and Ado Awaiye, In
such cases, except at the point where the gullies discharge their water directly
on the footslope there is often a small threshold separating the basal depression
from the 1naelherg'l base, and the length of the threshold varies as the basal stream
moves away from the inselberg's base, At the base of such an inselberg the basal

knick may be indistinect as it is often maskéed by debris,
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The third process noted is the development of gullies in connection with
basal depressions, On some footslopes, runoff fror inselberg surfaces especially
where large scree is sbsent at the inselberg base, can be channelled into rills
scouring the surface of the footslope, Either as a result of micro-piracy or direct
convergence the rills often develop into gullies up to 6 ft, deep and 4 ft, wide,
cutting across the footslope to the adjacent streams, This was especially noticed
in the granitic area of Tapa-ldere, Here, at the height of the dry season,
water continued to seep cut at the gully heads, Some of the gully heads are in
the form of small amphitheatres which is strongly suggestive of spring sapping.
It appeared that these gullies were progressing headward towards the weathered
bases of the inselbergs along the line of subsurface flow of water froam the
inselbergs' bases., Only one was observed to have reached the base of an inselberg.
There is no doubt that all of them may progress headward to their respective
inselbergs where they would form basal depressions, A few of the inselbergs have
basal depressions deeper than these gullies and contain stagnant pools of water
in the dry season, The basal knick below the inselbergs is well marked in the
floor of the depressions, The same processes producing the basal depressions
could have formed the basal knicks,

Present Pattern of Pediment Ewolution

As mentioned in chapters 5§ and 9, pedimentation by backwearing and parallel
slope retreat do not appear at present to be important landform process on the
crystalline basement complex, If backwearing and parallel slope retreat were
responsible for the formation of the pediments, it would be expected that pediments
in the same stage of 1lndtor§ development would have a relatively narrow range of
slopes, MNost of the pediment slopes measured in the dominantly stripped etch=-
plain and the dominantly stripped etchsurface in South Western Nigeria show wide

variations, and it cannot be eoncluded that these pediments were produced by
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backwearing from distant stream lines,

The pediment slope profiles often show the hydraulic curve associated with
stream flow, and there is no doubt that the slope profiles are being modified
by the present pattern of runoff across them, However, there is no evidence
that this pattern of runoff can produce these pediments and the cross grading of
pediments as King (1951) envisaged, At the present time, the pediments are. being
modified by subsurface weathering and by surface runoff,

In both the savanna and the forest area, surface wash is important on the
pediments, although it is more emphatic in the former, Water runs off mainly as
sheet flow from the surface of the inselberg. At the base of the inselberg,
part of the water flows across the pediment head in form of tiny runnels which
anastomise downslope to form rills, Often, water also seeps into the base of
the inselberg, and by the end of the rainly season, the local water table around
the inselberg may rise and reach the surface, when water sceps out in unchannelled
flow across the pediment, The effecf of the sheet wash and the rills is to lower
the declivity of the footslope as they wash fimer surface material downslope.
Subsurface flow also occurs, as water from inselberg's base moves downalope to
the river line, both in the savanna and in the forest, The lateral eluviation
involves the transporting of finer material downslope. The effects of both
surface and subsurface erosion on pediments is the imperceptible lowering of the
pediment,

Gullies are not frequent on pediments, but where present, greater erosion is
accomplished, Old gullies which have become graded to the local streams, and
whose sides have widened out smoothly, mainly carry water and small debris across
the pediment, The gully sides have not been cross graded as envisaged by King (1981).

Where streams delimiting the pediments have been rejuvenated, the bounding

slopes of the newly incised valley are quickly flattened., This occurs as a result
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of concentrated rilling;nnd surface wash at its top, Where laterite has developed
at the top of the incised slope, it is too thin to form any free face. This
perhaps is the reason why rejuvénation knicks are not well preserved in the
crystalline basement area of South Western Nigeria, The present pattern of
runoff both at the surface, and drainage below the surface will invariably lead
to the downwearing of the pediments, and these processes could have been important
once the old weathering profile lost its protective cover d laterite. As the
pediment downwears gradually, chemical weathering will go on below. If both downe
wearing at the surface and chemical natmrmg-belmm at the same rate, a
balace will be maintained, md the depth of weathering in the pediment constant; but
with any change of baselevel, erosion may become more emphasised at the surface to
reveal the basal surface of weathering, The gradual basal and surface lowering
under several erosional cycles will lead to the further emergence of inselbergs
and the pediments will be preserved.
Conclusion

It can be concluded that inselbergs are formed by deep weathering and
differential erosion under multicyclic phases in all the different rock types,
but the variations in size, form and heights of the various inselbergs is a
reflection of how the different rocks respond to the same process as conditioned
by their texture, structure and lithology. Inselbergs and pediments are closely
related in that both are produced by erosional stripping. Pediments vary in
declivity as a result of parent rocks, stages of landform development and most

especially varying vegetation environments,
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Chapter 11

valley Cross Profiles

Pediments form a very small‘%gzzd;f any landform type, and the character=
istics of different landforms are best understogd by an examination of the
valley cross profiles, These constitute a large part of any landform type.

The stream valley characteristics are based on measurements of slope of
third order stream valleys. Such streame are easily identified in the field,
while first and second order streams are either too small or fail to make any
impression on the landscape. Data;agz collected from sample areas which were
considered representative. of typical landforms, Valley slope profiles were
measured from the stream line to the top of the interfluve crest. This was not
always possible, however, especially in the sedimentary areas where interfluves
are extremely wide; in this case, measurements were confined to small portions
of the flat interfluves, The slope units across the profiles were identified
and the ercosional processes on the profiles were noted, It must be emphasised
that it was extremely difficult to locate the points at which the slopes change
in some instances. The number of measurements in the forest area was limited
due to problems of cutting traverses across the stream valleys,

valley Types

Broadly speaking, valley cross profiles on the basement complex areas are
convex~concave, while those on the sedimentary rocks are multi-faceted and concave,
Variations exist where locally determined by the lithology and erosional processes,
A descriptive rather than a genetic classification is psed because a genetic
classification assumes a-priori knowledge of how these valleys were formed,

Cn the basement complex, two valley types appear to predominate; i.e,

"gaucer-shaped" valleys, and broadly "vV"' shaped valleys. Both types often have
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narrow to broad valley floors, but the former have relatively steep bounding
valley walls which the latter lacks? On the sedimentary rocks, three valley
types appear characteristic, i,e, a multi-concave type best described as a
"valley~in-valley" type; a deep “V“‘rorns, and those with broad valley floors,
but with steep bounding valley slopes resembling:a 'bowl'!, On each rock type,
these valley types grade into one another, and short stretches of one may be
seen in any particular location,

Valley Types on the Crystalline Basement Rocks

The ®saucer-shaped”Type: These valley cross profiles are found mainly in the

forest area from north of lbadan to north of Ijebu Province. They are also
present in the forest-savanna boundary west of Abeokuta province, This valley
cross profile gives to the area an appearance of dissected topography. Local
relief along the valleys varies from 50-150 feet, The valley profiles are not
limited to 3rd order streams, but also occur along streams of higher orders varying
rroi the 4th order Ogunpa stream to the 10th order Ogun river, Sometimes, the
valley form may be changed slightly where recent rejuvenation has led to stream
incision with the stream cutting narrow, shallow gorges e.g, along the Ogunpa
in Ibadan, and along the Ona 12 miles to lbadan,

The valley slopes are seldom symmetrical (Fig. 57)., On one side therec mey
be three slope units, and on the other, four or five, The slope units on the
opposite sides of the valleys often occur at different heights. The upper part
of the valley consists of a low curvature 0® 301, Tyhis is followed by a short
maximum slope segment 40-90 which in turn is succeeded by a concavity, The slope on
the valley floor varies from 0% 150 - 2° (Fig. 67). The upper slope is about
500~700 ft, long, while the maximum slope segment is about 100-150 ft., long and
the convex inflexion between them is about 50 ft, long. Laterite rubble

occasionally occurs on the upper slope units and on the maximum slope. The 8lOpe
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crest is undergoing erosion by surface wash., Surface wash continues downslope
for some distance, and on the maximum slope, some of the runoff may be channelled
into shallow rills, Rills occur mostly where the slope is deforested, The
valley floors are wide, dependent on the size of the rivef, and al ong third order
streams_they may be up to 500 ft, Alluvial deposits on the valley floor may
often have hard pans composed of cemented cuartz fragments over themf

This valley type appears to be found vhere rejuvenations and stream incision
has progressed as far as the heads of even the smallest tributaries, The valley
heads are deep 'trough ends* e,g. around lbadan airport and near Olaoyo .village
at mile 15 on ]badan-Lagos road. On such steep valley heads, stream headward

extension on the bounding slopes is by rilling and spring sapping (Plate 43),

The Broadly 'V*'! Type: These profiles are found mainly in the savanna area from
north of Iwo across to-dyo Fasola dnd lseyin -~ Ado Awaiye area, The sample area
lay between Oyo and Fasola where this particular type of valley profile qccura
along both small an; large streams. The valley form could be changed where
recent rejuvenaticn e.g. along the Awon (near Oyo waterworks), has led to stream
incision below thenarrow valley floors, The broadly *V' valley forms are
associated with a gently undulating topography, and the local relief alongthe
valleys hardly exceeds 100 ft.

The valley profiles are more symmetrical than the 'saucer-shaped!? tyﬁea and
consist of gwo or three slope units (Fig. §68). The upper slope is convex to
flat with angles varying from Oo 30* to lo 15¢, It is 6rten interrupted by low
domes, and detrital laterite occasionally occurs on it, This slope joins the
valley slope in a broad convex inflexion, often 100-200 ft, in width, The main
valley slope is straight and long, extending to 1,000 ft, even along 2nd order

streams, The slope varies from 0D 30" to 56. but it is often interrupted by
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rock outcrops. This slope may continue to the river line or it may be
succeeded by a short valley fléor slope composed of alluvial material, In incised
sections, the valley floor slope may be up to 60.

Runoff on the slope units Irom the crest to the valley floor is by sheet
flow, but where the slope profile is interrupted by rock outcrops, runoff
becomes rilled., Surface wash and rilling appear to be the most important.
erosional agents and this essentially means that the valley slope is being
gradually flattened, Where detrital laterite occurs on the interfluve crest,
it does not form significant slope breaks,

Valley Types on the Sedimentary Rocks

The 'vall.y-ipnvalley' types These are found along the third order streams
draining the dip slopes of the cretaceous and eocene formations; especially along
the Irori, Igboori, Afon, Obete and Oyo, They also cccur along larger streans.
like the Ogun socuth of A beokuta and Yewa, north and south of Meko., The valley
walls are thickly forested while the interfluves are covered by derived llvanna:
The valleys are deeply incised and the local relief from valley floor to intere
fluve varies between 150 - 250 ft,

The profiles are remarkably symmetrical (Fig. 5¢)., The steep upper slope
units mark old stream incision and valley widening,while the lower steep slope
units mark recent stream incision, In some places, the lower steep slope units
have widened out and broad valley floors have developed. Valley profiles contain
4 -5 slope units, The interfluve slope varies -from 0° 15' to 3° and is often
very long. The break Mtha interfluve slope and the upper valley slope is
sharp and often °“marked by lateritic outcrops which usually form a steep perpen-
dicular slope unit. The upper valley slope unit is composed of lateritic blocks

and rubble derived from above, and the slope angle varies between 10° = 22°,

The lower the slope angle, the longer the slope, but the slope segment generally
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varies from 120 - 250 ft in length, The lower slope below is separated from the
upper by a small concave inflemionj this lower slope always occurs as broad
terraces 400 - 700 ft wide with angles varying from 2° - 7°. The upper part of
the tgprrace is often covered by laterite blocks and colluvial material, while
the lower section is at times masked by detrital laterite or ferruginised
material (Fig. 60), Succeeding the valley bench, is a short steep slope 16° 480
and about 850 - 120 ft long, the upper part on which outcrop of laterite i»s
frequent, while the lower part is developed on loosely cemented sandstone,

The surface of the upper slope unit is frequently scoured by small gullies
and rills while the valley benchei are eroded by surface wash, The steep lower
slop~ unit may be dissected by widely spaced shallow gullies and rills, Soil
creep 18 evident on the slope as the loose sand is often packed on the upslope
side of the tree trunks while the trees themselves bend downslope. Valley floors
are usually flat, 2° - 4°, and developed on alluvial and colluvial materials,

The valley floor margin is well defined by a concave inflexion 0 - 18 ft wide, The
whole valley slope appears to be undergoing parallel retreat, The upper steep
slope 1is cut backward by a series of rills and gullies with the lower terrace~

like slope as the local baselevel. The lower steep slope is also being cut back
by rills with the stream as the local base level. The breaks of slopes along the
valley profiles are associated with lateritic outecrops and these laterites

serv* in effecting parallel retreat of the slope profiles, The valley heads are
deeper and steeper than those on the crystalline basement. Valley headward
extension is by spring sapping and gullying (Plate 850),

The ‘Bowleshaped! Type: These are found south of Alyetoro, eastward to the Ogun

valley, and westward to Yewa valley on the dip slope of the Abeokuta formation,
They are also present around Abeokuta in the zone of dissection especially east

and south of the town, The valley types are also present south of Ilaro along



500

400

300

200

100

S Soft clayey material below the laterite.

Oﬂ_mv\n% mo__§50nnam_o:n_mBQ:u_onxmo:nﬁQ._S
and dark coloured concretions.

. Unsorted lateritic blocks derived from the free face;

the blocks often form a steep scree slope.

Laterite blocks being cemented ther by ferric

Laterite blocks %M.Ezn comminuted as they

i QXide derved from weatherindof the upper laterite

SRR G~ Lateritic outcrop. blocks.
(Soll with frequent Iateritic concretions) .- ~*&ard.dark-brown,ferrugnised zone.

Poorly aonsolidated Sandstone-

i g RIVE:

Cretaceous Sandstone kb

200

400 600 800 1000 1200 1400 1600 1800 2000 2200FEET
TYPICAL LATERITIC OCCURENCE ON VALLEY AND SCARP SLOPES
ON THE CRETACEOUS SANDSTONE (AIYETORO-MEKO AREA).

FiG.00



eep amphitheatre head of a stream near lbadan airport. Headward
erosion by gullying and spring sapping.

FPlate 50 = Deep, trough end of a2 stream on Cretaceous Sandstone near Obada, The
spring is coming out at the junction between sandstone and weathered
gneiss,
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the Iju, Atuwara and Ore streams on the dip slope of the Ilaro formation,

Valley sides and interfluves south of Aiyetoro (a sample area) carry degenerated
forest, but south of Ilaro (another sample area) valley sides and interfluves
are heavily forested.

The valley profiles are symmetrical with three to four slope units (FPig. 61),
Interfluves are narrow, On the €retacecus sandstone these often carry massive
vesicular laterites or remnants of such, while on the Eocene sandstone south of
Ilaro, the interfluves carry ferringinised material. The upper slope crest is
flat, but may reach a declivity of 40. and is separated from the maximum slope
segment below by a convex inflexion, The maximum slope segment is often long,
varying from 400=-1200 ft, but the shorter it is, the steeper its declivity.

Long slope units are usually about 3°, while short slope units may be up to !3°30';
the mean is between 7° = 8°, The surface of the maximum slope segment, is some~
éinol littered with lateritic rubble and fragments of feringinised material, and
is frequently scoured by shallow widely spaced rills and by small gullies.

Below the maximum slope segment, is a concave valley floor composed of alluvial
material, The concave inflexion between the maximum slope segment and the

valley floor is rather narrow, and the valley floor is well defined. The slope

of the valley floor varies from 0® 18 to 3° 156', but where it is recently incised,
the steep slope next to the river may vary froms 8° - 15°,

These valley slope profiles are not unlike the *saucer<shaped!type observed
in the forested area around Ibadan except that the valley slope units are
steeper. However, the valley head is not deep. Instead, it is usually shallow
and ends as a broad convex-concave valley. As in the valley-in-valley profiles,
the valley profiles here also appear to be undergoing parallel retreat, with
the steep maximum slope being cut back by rills, shallow gullies and surface wash

&8 the upper laterite disintegrates by block weathering. A noticeable point is
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that where the lateritic cap has been removed, the interfluves instead of being
flat are rounded and the maximum slopes below them become considerably lower as
a result of erosional lowering of the interfluves,
The 'V' type: These valley profiles occur nainly.on the dip slope of the Abeckuta
formation between the Ogun and the Ibu river, The valleys, usually of 2nd or
3rd order streams are very deep (150 - 200 ft), and contain two slope units, {.e,
the flat interfluve, and the steep valley slope below terminated by the stream
line, Thick forest precluded field measurements along the valley slopes, but
map measurements show the slopes to vary between 20°%-48°,

It appears that on both the crystalline and the sedimentary rocks, valley
forms are related to rock%ypel. erosional processes and landform types.

Rock Types and Valley Forms

The sedimentary rocks, especially the Abeokuta ;nd the Ilaro formations are
porous and pervious as they are mainly composed of high proportions of sandy
material and low proportions of clay material. The rocks are deceply weathered
5
and their porosity allows rapid passage of groundwater, The movements of iron
enriched groundwater has led to the formation of laterites in the upper horizons
of the sedimentary rocks. Due to the presence of laterites on the weathered
sandstones, and the texture of the sandstones, streams developed have deep valleys,
and the valleys are widened ocut by backward retreat of their slopes,

The basement complex rocks consist of granites, gneisses, quartzites and
schists which when weathered gives a regolith with a high proportion of clay
material, which is less perviocus than the sandstone formations, Due to the
absence of lateritic ceps, and the texture of the weathered re~olith, valley
profiles are mainly convexo-concave,

It is difficult to relate valley form to specific rock types except in

generalised terms, For instance on the basement complex north of Shaki, where
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the rocks are deeply weathered, with the upper horizon of the weathering profile

carying massive laterite, the valley forms are similar to those in the éretacecus
and E%cene sandstones,. It seems that valley forms are related to landform types

rather than specific rock types.

Landforms and Valley Types

The lateritised (partially dissected) plain, and the partially stripped and
dissected etch surface on the sedimentary rocks, and the different etchplains and

surfaces on the crystalline basement, all have characteristic valley types(Table 33),

Table 353 Landforms and Valley Types
Landforms Yalley Types
Lateritised (partially dissected)plain ‘Valley=-in-valley! Type

The 'V* type

Partially stripped and dissected etch=-

surface ‘Bowl! shaped type
Dominantly stripped Etchplain Broadly 'V! type
Dominantly stripped Etchsurface »
Partially stripped Etchplain ‘Saucer! shaped type

Each of these landforms represents different stages of weathering and
erosion much as each valley type represents different stages of stream rejuvenation
and incision, but it should be noted that each valley type is not strictly confined
to each landform type,

The'valley~in-valley! and the *V' types of profiles are found in the
lateritised (partially dissected) plain between Aiyetoro and Meko, and between
Ogun river and l1jebu Ode, The former is an advanced development of the latter
resulting from further rejuvenation and valley widening., The !saucer'=ghaped
and the *bowlteshaped vtlley'protiles found in the forested area on the

crystalline basement, and on the sedimentary series can be associated with
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advanced valley development in both areas, On the crystalline basement, these
valleys are found in the partially stripped etchsurface, while on the sedimentary
series, they are found on the dissected, partially stripped etchsurface, Bﬁth
landforms represent advanced destruction of the lateritised (partially dissected)
old plain described above, so that the *bowl'-shaped and 'saucer’'-shaped valley
types represent advanced erosion., On the basement complex where these valley
types with maxioum slope segments varying from 4°-9° are found, the footslopes
occuring below the inselbergs are about 50. This in esasence shows that within
the partially stripped etchsurface landform facets are uniform,

The broadly 'V' valley types are found mainly in the dominantly stripped
etchplains and surfaces, These landforas exhibit from 6% - 30% of the basal
surface of weathering which means that erosion is advanced., The landforms
also occur mainly in the savanna area where the vegetation permits a greater
amount of sheet erosion than elsewhere, The valleys have lost their steep maximum
slope segments, and are flattened into low gentle slopes varying from 0%30¢ - 50.
much the same as the footslopes below the local inselbergs which vary from 1° - 80.

When an old lateritised and weathered surface om any rocﬂ%ypo is dissected
and eroded, the valley forms will assume different shapes following the different
stages of dissection. Usually the valley profiles would be multi-faceted and
concave at the initial stages of dissection, and with further incision and
rejuvenation, the valley sides will open out, Where laterite serves as cap rock,
the slopes have constant declivity, but where laterites are absent, the slopes will
decline and become convexo-concave or broadly *'V! in shape, The relationship
between laterites and slopes will be further examined in succecding chapters,

As observed in Chapter 10, pediment slopes in the forest are steeper
than in the savanna, Both en the 'bowl' -shaped and 'saucer'! -shaped valley

types developed in the fore¢st, maximum valley slopes vary from 30*130. and
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4%8° respectively, on the broadly 'V' shaped valleys in the savanna, maximum
valley slopes vary from ao° 15 - ﬂo. This further confirms that erosion is

more pronounced in the savanna than in the forest,
1

%
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Chapter 12
Latdrite and Landform Development

Laterite ;n rolltionlﬁip to erosion surfaces and to valley slopes has been
discussed in Chapters 8 and 11, The physiographic location of laterite and
its influence on the‘pattern of landform development are outlined in this
chapter, Theories of laterite formation are not covered in detail nor is
the chemiecal composition as these come within the realm of pedology rather than
geomorphology, They are only discussed where relevant to the physiographic
location of laterite,

The definition of laterite for the purpose of this study excludes chemical
properties. The term 'laterite' was fifct applied by Buchanan in 1807 to the
soft building material in Malabar which hardened on exposure and was used for
construction purposesj the local people called it brickstone. Du Preez (1949)
observed that the word 'laterite' as used by Buchanan is a misapplication and he
contended that the word conveys a lithological rather than a genetic significance.
Prescott and Pendleton (1955) however contested this view,

Since Buchanan there have been definitions of laterite by geomorphologists,
geologists, and pedologists, and all are related to the special discipline of
the writers, Holland (1903), MacLaren (1906), Fermor (1911), Simpson (1912),
Campbell (1917) and Woolnough (19218) gave definitions generally similar to that
of Buchanan, These definitions were later summarised by the Imperial Bureau
of Soil Science (1932) which defined laterite as "a weathered rock product formed
by the leaching of igneous, and metamdrphic rocks whereby the bases and much of
the silica are removed leaving a residue containing alumina combined"”, This
genetic classification has little practical importance as it does not aid

identification of laterite in the field., Further, apart from being misleading in
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specifying the occurence of laterite on igneous and metamorphic rocks only
(it also occurs cn sedimentary rocks), it expresses the residual theory of
laterite formation on which there is no consensus of opinion among modern
writers on the topic, |

Kellogg (1849) confined the term 'laterite' to four principal forms of
sesquioxide«rich material:

a) soft mottled clays that change irreversibly to hardpans or crust

when exposed}

b) cellular and mottled hard pam crusts;

c) concretions or nodules in a matrix of unconsolidated material}

d) consolidated masses of such concretions.

Bruckner (1958) used the word in a general sense to include all the pre-~
dominantly red soils of tropical countries, and several other writers have done
likewise, Sivarajasingham et al (1982) proposed that 'laterite' be restricted
to highly weathered material which is (i) rich ir secondary forms of iron and
aluminium or both, (ii) poor in humus, (iii) depleted of bases and combined
silica, (iv) with or without non-diagnostic substances like quartz and (v)
either hard or subject to hardening upon exposure to alternate wetting and drying.
Moss (1963) defined laterite as essentially hard or compact or a? least hardening,:-
and on this basis, he recognised nine types of lateritic deposits in the Cretae
ceous and Eocene sandstone areain part of South Western Nigeria. While pedologists
may be able to utilise these definitions to recognise laterite {n tﬁa field,
geomorphologists find them limited in application especially when 'laterite’ is
coined for spme of the deeply weathered scils of the humid tropics,

The definitions by geomorphologists have always been descriptive, Gautier
(1935) described laterite as a cuirasse de fer i.e. & very hard, dark, blackish

rock which is essentially an iron ore, Du Preez (1949 p.2) defined laterite as
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a "vesicular, concretionary, cellular, vermicullar, slag-like, pisolitic or
concrete-like mass, consisting chiefly of ferric oxides, with or without
mechanically entangled quartz and minor quantities of alumina and manginélo, it
is of varying hardness, but it is usually easily shattered when struck with the
hammer". Pullan (1967) accepted Du Preez's definition, and classified the
lateritic ironstone and ferruginised rocks in Northern Nigeria into two tyécs
&) primary lateritic ironstones which are vermicullar, vesicuylar, cellular,
cellular-nodular, nodular, oolitic, and pisolitic, b) secondary lateritic iron-
stones which are recememnted nodular, recemented conglomeratic, recemented
breccia and platy.

This is a more practical description for identification in the field. Other
forms over and above those described by Du Preez also occur. In areas of sandstone,
there are extremely hard masses composed of fime quartz grains cemented together
by ferric oxide. These often occur in the soil profile, also along road cuts.

In the basement complex area, as seen in road cuts on slopes, laterite pisoliths
are found in a matrix of indurated clay. In the present context, laterite will
be regarded as a "ferruginous crust" which forms a convenient blanket term for
all forms,

Laterite in South Western Nigeria

Observation 'of laterite is difficult in South Western Nigeria because of
gﬁﬁ lack of continuity over a wide area. In the forest zone, laterites are
frequently disintegrating where exposed, as a result of chemical weathering,
and are only seen in rare instances. In the savanna, they occur as caprocks,
terrace covers or as illuvial horizons. Mapping of lateritic outcrop on a
regional scale is not practicable because of their mode of occurence. Even on
the Northern Upland where they are frequent, no exposure greater than 10 acres

was seen, Mapping of laterite was based on airphotos, plotting the relative



209

frequency of occurence from place to place (Fig. 62). Additional information
for the map was extractecd from the Soil Association/Land Type map of Western
Nigeria,

Six types of laterite were recognised,

Massive - Vesicular - This is found on the Ngorthern Upland, mainly north bf

Aiyetoro as far as Mg¢ko on a plateau-like surface 550-850 ft, a.s.1l. It is
associated with the erosion surface located here (see Chapter 7)., Narrow
interfluves south of Aiyetoro, and small erosional residuals around Abeokuta also
carry this type of laterite., Vesicular laterite outcrops frequently as flat
pavements of limited extent on the upland surface (Plates 51 and 52) and is usually
covered by fine ;::2;; s0il whose depth varies from about 2 ins to 2 ft,

In several places, the laterite prevents rain water from seeping through.
Water is retained at the laterite surface below the soil creating vast marshes
and swamps e,g. between Obada and Adimo., As the water gradually seeps downward
through the laterite, it becomes iron enriched, and the laterite grows thicker,

Vegicular laterite varies in colour, from brownish red to very dark brown,

It is composed of pisoliths of various sizes ranging from 0;3“; 0.7 ins in
diameter, tightly cemented together by iron: In some localities it may be slage
like with no vesicles seen, and its surface is polished and has a metallic sheen,
Where it occurs on the surface as flat pavements, tiny connecting vesicles 0.2 =
0.5 ins wide, and frequently filled with ochreo s and powdery substances are seen.
The laterite is extremely hard, but breaks when repeatedly struck with the hammer.

At scarp edges, vesicular laterite is underlain by a soft clay matrix in
which occasional concretions occur, A laterite profile seen in a deep gully
near Anigbado village north weet of Aiyetoro shows

R) 0=6 ins - brownish, silty, powdery soil,

b) 6 ins = 15 ft 6 ins - reddish brown vesicular laterite,
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Plate 51 - lLateritic pavement on a sandstone residual west of Abeokuta,

The
surface is sparsely covered by grass, but the surrounding slopes
are heavily forested,
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Plate 52 - Lateritic pavement near Olorisa
vesicles,
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€) 15 ft 6 ins - 21 8t 6 ins - clay matrix with few pisoliths in it,

d) 21 ft 6 ins « 141 ft - mottled zone,

e) 141 ft - pallid zone (the depth could not be determined).

The boundary between (b).nnd (c) is diffuse as they merge gradually one
into the other, Thias gives the impression that the laterite was formed in situ,

Conecretionary 71his is found mainly on the crystalline basement area. It

is present around Ibadan on interfluves and valley slopes, but it occurs most
frequently between Oyo and Fasola. Here it was observed on interfluves, on
valley slopes !°-3? and close to the stream beds, Occasionally it marks breaks
of slopes. It appears to be associated with migmatites and granites. Outcrops
are very small (Plate 853) and up to 2 ti. thick,

The laterite is brownish and often has a metallic lustre, It is composed of
laterite piscliths of irregular size, 0.08ins - 0,8 ins in diﬁneter, unsorted
angular fragments of quartz and earthy material all cemented together by ferriec
oxide which itself may be dark or metallic, giving the laterite a variegated
appearance, Another type is seen at Eruwa which is composed of fine quartz and
fine concretions cemented together by ferric oxides. Small interconnecting,
irregular vesicles are present, but are always filled with grey powdery material.
The laterite may be extremely hard. Unlike the true vesicular laterite, the
concretionary type has no gradual transition into its underiying material, On
both interfluves and valley slopeg, it has a sharp contact with the soil below and
could often be seen resting directly on bare rock outcrop (Plate 54). This suggests
that it is a secondary laterite formed by materials derived from a previously
existing primary laterite. The implication of this feature is discussed later,
Where it occurs under forest, it is undorgoing physio«chemical weathering as the

quartz pebbles could be easily detached by hand,



Plate 53 = A small outérop of concretionary laterite near Egbeda, north of

Fasola, Note the coarse quartz fragments; and the abrupt junction
between the laterite and soll below,
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observed along Eruwa/New Eruwa road,
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Pisolithiec 1In both the crystalline basement area, and the Eretaceous sand-
stone, this occurs mainly on the lower valley slopea. On the former there is
no conspicuous break of slope and the thickness rarely exceeds 2 ftj; on the latter,
it is closely associated with the terraces in areas of rejuvenation and occurs
at the slope break overlooking the river, Here its thickness varies from 2 - 6 ft,
It is dark brown and composed of irregularly sized pisoliths; in some parts vesicles
are seen, The pisoliths are entirely composed of ferric material and show
concentric growth, The surface of the laterite is dull grey and brown, It grades
vertically downwards from hard laterite to firm indurated clay.

Detrital This is mainly found in the Cretaceous sandstone area in cloae
association with the terraces below the upper surface in Aiyetoro-Meko area.

It occurs on slopes varying from z°-a°. The composition and degree of cementation
of this laterite varies from below.the free face of the upper laterite, downslope
to near the slope break. It is mainly composed of irregularly sized fragments of
the upper vesicular laterite in various stages of cementation, Close to ihe free
face, and on the constant slope, it is loosely cemented with ferric oxide (Fig. 60)
and the laterite gragnonta of spall blocks to larger fragments 5 ft across are
unsorted., Downslope on the flatter segment, the fragments are increasingly
comninuted and more tightly cemented together, but the surface of the laterite

is highly irregular, The thickness cannot be determined as the base was not seen,
The detrital character implies that it is of locond;ry origin,

Illuvial (as defined by Du Preez 1949), This occurs frequently on the Lesement
complex. .lt is commonly seen on an interfluve around lbadan airport, especially
along a railway cutting at Kongi, and is also found on slopes and interfluves
in the Oyo-Fasola area. The laterite is variegated in appearance and composed
of dark, rounded or oval pisoliths 0,1 ing - 0,5 ins in diameter, together - ith

angular unsorted quartz fragments embedded in a matrix of reddish brown hard clay,
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The thickness of the exposure along the railway cutting varies from 2 -« 7 ft

and a quartz vein penetrates it, The laterite has a sharp contact with the soil
above it, and often an irregular contact with the mottled clay horizon below {t,
This type has been quoted as evidence of an arid climate in the past in South
Western Nigeria, (Burke et al 1966), but this is difficult to substantiate. The
quartz vein cutting through it undistorted verifies an in situ formation,

Ferqgginised Masses These are found mainly on the Eocene sandstone —on top

of the upland north of Ilaro., They oceur in association with heavy s{agblike
masses, Occasionally they are found on the terraces on the cretaceous sandstone
area, The colour in any single sample varies a great deal, but is often purplish
brown, The quartz grains are often milky white, while the iron oxide varies
from dark grey to purple., It is composed entirely of extremely fine quartz grains
cemented together by iron oxide., There are no vesicles or pisoliths formed, and
the ferruginised masses are compact, The thickness of the outcrops is unknown,
and as the base was not seen, it is difficult to determine the !:::igzi variations,
but the location on a flat upland would suggest a primary origin,

Lateritic concretions mainly in form of disagregated iron oixide, 'pea=like?
features, of diameter 0,2 in - 0,5 in.occur most commonly on the basement
complex, They are found mainly on interfluves, valley slopes and in the upper
soll profiles on some slopes in the savanna area, They are presumably derived

from the disintegration of formerly existing laterites,

Physiographic location and laterite formation

The literature on laterite usually postulates a close association between
the physiographic location of laterite and its origin, There is a consistent

belief that laterite is formed mainly as an illuvial horizon on surfaces of low
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relief with impeded drainage., Following a change of base level, the surface is
dissected, and the water table moves slowly downylrd and in the process laterite

is formed, With further dissection, the initial (primary) laterite will survive

a8 caps on plateauR® or mesas with younger detrital laterite formed on the slope
below by recementation of laterite blocks derived from the break ;p of the primary
laterite, In som> cates, primary laterite could also form on the lower slope close
to the rejuvenating stream,

By this argument, particular laterites tend to be associated with certain
erosion surfaces e,g. the Peneplain (high level) laterite (or if further refined -
bauxite) associated with older erosion surfaces, detrital or secondary laterite
associated with the lower surface, and the terrace laterite assocliated with the
slope adjacent to the stream. Thus they occur in step-like fashion over step-
like series of surfaces - (Simpson 1812, Woolnough 1918, Campbell 1917, De Swardt
1962, Du Preez 1949, Pallister 1952, varn 1963, Sivarajasingham et al 1962), Some
writers further contend that the change of baselevel associated with the dissection
of the old surface was caused by climatic changes so that lateritisation is a
factor of alternation of periods of wet and dry climates (De Swardt 1962, Du Preez
1949 and Moss 1963),

There are many objections to this view, Prescott and Pendleton (1953)
suggested that laterites found on mesas or on flat topped areas need not be remnants
of dissection after uplift, and argued that they might have resulted from relief
inversion, Trendall (1962) also mentioned that high surface implies no break up
of a formerly existing high peneplain., He noted £hat around Buganda, the heights
of the duricrust capped plateau remnants vary a great deal, but a continuous
laterite patch, 30 ft, thick on each remnant may have a local relief of 500 ft,

Trendall believes that such primayy laterites on the plategu remnants were formed
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on the individual hill tops, by the process of rock dissclution and surface
lowering due to subsurface leaching.

The concept that the formation of laterites require an alternation of wet
and dry periods is not widely accepted, Scrivenor (1909) observing lateritic
development in the equatorial area of Nalncqa quoted figures of monthly rainfall
for three consecutive years there to show that no alternation of wet and dry
seasvh 1s required for lateritic formation. Harrison (1923) wrote that "the primary
process of formation of laterite is the same onihigh or in low levels ....... On
well drained mountain plateaux where the rainfall is high ( > 180 ins) -more or
less continuous throughout the year, pribmary laterite appears to be permanent as
such and where not exposed to washing, accumulates in considerable thickunews,"

There are varied opinions, then on the processes responsible for the
physiographic location of a particular laterite,

From field observations in South Western Nigeria on the Cretaceous formations
between Aiyetoro and Meko, the following lateritic sequences (Fig, 60) were noted.
First, the massive-vesicular laterite occurs as free faces (Plates &% and 56) on
the upper scarp and valley slopes and ~also as pavements in the upland, Second,
below the free face, a:concave slope element occurs, and on the lower part of this
slope, unsorted blocks of laterite are either embedded in a soil matrix or lie
on the surface. The blocks are derived from the laterite above as they are similar
in textufe and structure, Third, below the concave slope element, a gentle slope
segment occurs, On its upper part, it may be covered by detrital laterite in
various stages of cementation; . downslope the detrital laterite becomes more
homogeneous and more firmly cemented, Towards the end of thia ;lope. primary
veaicula} g; pisclithic laterite or ferruginised masses may occur, Fourth, a

steep slope segment may occur near the river, but this shows no lateritic cover,



Plate 55 - The lateritic outcrop here is about 35 ft, thick, and forms a perpendicudur
penpencESEy slope. Below is a cave formed by basal scouring by*

runoff on the free face., (Observed mnear Anigbado)

Plate 56 -« The lateritic outcrop at the upper part of tha plate forms a free
face about 6 ft, In front of the free face is a pavement about

65 ft, wide formed by backwerd retreat of the free face (observed
near Apata village).
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The primary vesicular laterite occurs widely all over the upland and on
sandstone residuals around Abeokuta, In all these places, it shows no altitudinal
variations like those noted by Trendall in Buganda, and there is no avidenée to
support his suggestion that it could have been formed separately on the individual
erosional residuals. The physiographic relationship between the primary vesicular
~ latorite and the detrital type on the lower terraces lends support to views
expressed by Simpson (1912), Woolnough (1918), Campbell (1917), Moss (1963),

De Stardt (1862),Du Preez (1949) and Varn (1963). The massive~vesigular laterite
on the upland plateau-like surface appears to have been formed under peneplain
conditions, On the basement complex, the concretionary type of laterite appears
to be of secondary origin, but as no vesicular primary laterite could be seen,-
its origin is difficult to establish, but essentially it implies that there was
a cover above it now removed,

De Swardt (1948, 1964) opinédrthat the association of upper and lower laterites
in Nigeria 1n§1cated the presence of two or more erosional levels all over the
country. This sssociation was noted on the Cretaceous and Eocene formations
(see Chapter 7) and was used to establish the presence of two erosional suriaces,
This association between laterites and erosion surfaces could not be confirmed
on the basement complex area where the laterites noted are mainly the concretionary
secondary types formed by materials derived from a previously existing primary
laterite, presumably at a greater altitude than at present., Except between Oyo
and Fasola where they occur frequently, lateritic occurence is so rare that
any correlation in terms of altitudes is invalid over a large area, Further, the
laterites observed on the interfluves are small and disintegrating rapddly, making
the amount of differential interfluve lowering difficult to ecalculate,

In the dissection zone around Abeokuta township where there are laterite

capped mesas, there is a big difference in the heights of erosional residuals
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capped with laterite, and erosional residuals without ceps. This suggests that
erosional residuals with no lateritic caps are lowered faster than those with
lateric caps, 1f differential lowering of interfluves occur over & small area

of uniform material, then it will be amplified on the basement complex with its
heterogenous rocks., Thus the amount of differential lowering causeyl by the absence
of. cor disintergrating laterites on the basement complex interfluves cannot be
calculated and erosion surfaces cannot be establisheg.

Pattern of laterite formation and landscape evolution

There is no doubt that the massive-~vesicular laterite found on the upper
‘%etacaopa_sandstone was formed on a gently sloping surface. The pattern of
formation of the lower laterites is similar to that outlined by Moss (1961, 1963
and 1965) but may not necessarily involve drastic changes from arid to humid
conditions for which there i8 no  evidence. Experiments in Guinea, cited by
Sivarajasingham ;t al (1962), have shown that at least laterites could form not
from pronounced temperature or rainfall changes, but as a result of wetting and
dryink from rain to rain in cycles of several days or weeks,

It must be emphasised that the formation of laterite is recognised by
several authors (Campbell 1917, Woolnough 1918, Varn 1863) to depend ong

i) the texture and 11thblogy of the regolith P

ii) the amount ?f iron and aluminium present in the regolitﬁ'
iii) the pattern of subsurface movement of water, especially its rate of
flow and its direction of flow
iv) the nature of the ground surface,
Laterites and ferruginised masses can form on gently sloping ground surface
composed of relatively permeable material with a water retaining capacity. As
the groundwater moves vertically downward under gravity or as it moves laterally

towards lower slopes, it dissolves the iron and aluminium content of the regolith;
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wherever the movement of the groundwater is impeded by a more 1nper;eab1e stratum,
the dissolved ferric and alumina oxides in the groundwater are deposited, Where
aluminium forms the largest part of the deposit, bauxite will be fo;med. Deposition
can ogéur either close to the ground surface on a slope, or the laterite can be
formed at a break of slope be it caused by a quarti§ vein projecting athrough the
wer.thered material or by rejuvenation and stream incision, ' The formationg of
laterite in association with downward moving ground water, has led to the

occurence of primary laterite directly over little weathered quartzite in

Entebbe peninsula as observed by Dubois and Jeffrey (1955), Upward movement of
groun.dwater by capillarity can also lead to the formation of laterite near the
ground surface, What is important in all these is that primary laterites are

most likely to form where the subsurface drainage is impeded. Essentially it appears
that primary laterite is formed as an illuvial horizon, and is not initially

hard. Hardening and induration occurs when the illuvial horizon is exposed either
by surface wash or by linear dissection., Lateritic exposures are further hardened
with fine veneer of iron carapace deposited on them when iron rich water flows

L}

over them, As the gently sloping surface on which laterite is formed is dissected,
the laterite becomes harder and can survive as high level laté;ite. Alternation
of wet and dry periods may cause downward and'upward movements of g;-ound water,
but strictly speaking this is not the direct cause of lateritic formation becgule
the formation of primary laterite depends mainly on the moisture retaining capacity
of the soil,

On the Northern upland where primary laterites are found, the cause of base
level change that led to the dissection of the upland was uplift (see Chapter-5).
The thick lateritic deposits at the upper part; of scarp and valley slopes- could

have been caused by the lateral movement of iron bearing water seeping towards the

valley and scarp slopes, Away from the scarp and valley slopes, the thickness of



218

the laterite is unknown,

There is ;o doubt that backwearing and parallel slope:retrelt following
stream incision were, and are, still important landtorn'proceliel in the area
where these massive laterites occur., The upper laterite is broken up as a result
of basal scouring and by runoff from the surface above down the free face of
thr laterite (Plate 57), The slope below the free face is rilled and fgullied
and this, with lateral erosion at the base of the scree slope, leads to the backQ
wearing of the Qhole slope profjile. Laterite blocks breaking from the .pper
surface move down slope in the form of debris éreep and slump, getting comminuted
as they move to the flatter part of the lower slope. In favourable locations, the
blocks are recemented either by iron disﬁolved from them by water seeping through
or by iron bearing solution seeping out below the upper laterite, Following
another change of base level, another rejuvenation and stream incision, the lower
slopes get incised., At the break of slope overlooking fhe stream, lateral movement
of groundwater towards the stream line could lead to the formatiqQn of vesicular
or pisolithic laterite. Thus the sequences from the valley b&ktou to the valley
top are terrace primary laterite, detrital laterita, then primarvy vesicular
laterite, This is the typical lateritic sequences on valley slopes on the Northern
Upland, but may vary where terrace development is inhibited or where dissection
is pronounced. The primary vesicular laterite on the upper surface appears to
be Tertiary. Although there is no organic material to facilitate accurate dating,
it may be presumec to have been_formed following the uplift of South Western
Nigeria in the Pliocene period. The detrital laterite on the lower slopes and the
terrace primary laterites are considerably younger,

The formation of laterite on the basement complex is difficult to explain
because no primary laterite is found and the secondary laterites are on interfluves,

on valley slopes, and even on bare granite or gneiss. The concretionary lategites



Plate 57 - To the right of the plate is the free face, to the left are the
large blocks broken off from the free face,
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show no genetic relationghip with their underlying material, It appears therefore
that these laterites are derived from previously exisiting laterites, and this
would involve a great amount of e:ohion. The presence of secondary laterites on
interfluves need not indicate a 1and?capc inversion, as no old stream channels

|
could be traced on the interfluves, |

| :
The following explanation may pdssibly be applicable. With the deep weathering

of the basement complex rocks, rocka}produoing water retentive regoliths e,g.
schists,‘nmphibolites and gneisses would have pripary laterite formed on themy
This type of deep weathering and primary laterites are still present on the
primary watershed further to the north, With a change of base level,rejuvenation
and incision, the landsurface would be dissected, and where primary laterites
have developed the valley slopesa would retreat parallel to themse¢lves in the
manner described above for the sandstone areas, As the valley slopes retreated,
the upper laterite would break up gradually, leading to the formatjion of secondary
laterite on the lower slopes., Where opposing slopes meet, the upper primary
laterite will be destroyed, disintegrating into rubble. These rubble may be
transported downelope to form detrital laterite and lateritic concretions, or
may be recemented on the interfluves to ferm a reconstituted laterite.

This pattern of lateritic occurence and slope development could be interrupted
where the basal surface of weathering is exhumed, and inselbergs and tors will
then project above the local ground surface, With the destruction of the primary
laterite, slope wash will become more important, and valley slopeg would be
flattened., The reconstituted laterite on the upper slopes would continue to be
destroyed, This then may lead to the situation whereby secondary laterite is
found close to the interfluves and on valley slopes, and lateritic concretions also

present on the slope. Thus the patchy distribution of laterites on the basement

complex can be explained.
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The physiographic location of primary and secondary laterites shows
that backwearing and parallel slope retreat could, to a great extent have been
an important landform processes in South Western Njgeria. These are still
important where there are suitable 1ithological arrangement especially in the
sandstone area, but on the basement complex, the destruction of the primary
laterite, means that backweéaring As no longer an important landform precess,
The laterites of the basement complex are Tertiary or pre-Tertiary and have
been much more involved in landform ridevelopment than those on the sandstones
to the south,

Laterites are thus very importari in landscape evolution and this will be

further illustrated in the next chaptery.
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Chapter 13

LANDFORM DEVELOPMENT AT THE BOUNDARY OF CRYSTALLINE AND SEDIMENTARY
ROCKsS .

lﬂ thé contact zone between the Cretaceous sandstone and the basement

complex rocks, the sandstone overlies the granites and gneissea. The
erogional processes in this zone have produced a contrasting pattern of
landforme in which bare and partially covered igneous rocks occur close to
sandstone residuals, The convex, domed form of the low inselbergs contrast
uh@rply‘with the faceted slope forms of the sandstone residuals., The
inselbergs form part of the dominantly stripped etchsurface while the
sandstone residuals form part of the zone of disscction and partial stripping
discuﬁaed in Chapter 6 Savige#r {(1960) hinted that the removal of the
gediments from over the crystalline basement rock can lead to the
evolution of low inselbergs, In this respect Falconer (1911, p. 247)
observed in Northern Nigeria that "where the pre Cretaceous sediments have
been removed, the land surface is marked with domes and inselbergs", He
further noted that in Kabba province, the Cretaceous and Tertiary sediments
rest on a "hummocky granite floor”. This type of relationship between
th§ Cretaceous sediments and the crystalline rocks appears to exist also
in this contact zone, specifically in Abeokuta area, but there has been
no detailed study of the link between the low inselbergs and the sandstone
residuals around the town., In this chapter an attempt is made to
elucidate the following pointsi- ~

i, the former extent ¢. the upper Cretaceous sandstone over the

crystalline rocks
ii, the pattern of erosion and the slope types on the sandstone both

on the scarp face and in the dissected area around Abeokutm
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iii. The mode of inselberg formation in relationship to the erosion

of sandstone,

The contact zone was studied around Abeokuta and also north-west of
Abeckuta where the Cretaceous scarp is well defined between Imala and
Obada, The scarp face and the sandstone residuals are densely foreated,
Along the twenty mile stretch from Imala to Obada (Fig. 2), 21 slope:
profiles were measured, especially at stream re~entrants and where the
streams flow at scme distance to the scarp foot (Fig., 65), Measurements
were taken from the top of the scarp to the stream lines along cut
traverses on farmlands, and, in some cases along minor foot paths
traversing the scarp face.

The sandstone residuals around Abeokuta were mapped from 1:40,000 air
photos. By this means it was relatively easy to determine the presence or
absence of lateritic caps on the residuals, and the area of the residuals
were calculated. The heights and maximum slopes were computed from the
1:60,000 maps, These residuals were confirmed in the field, but the thick
forest cover precluded the investigation of most of them, The morpho=-
metric data is shown in Appendix 6., and the residuals in Fig. 64.

Pattern of stream flow near the boundary of the sandstone and the

Jormer extent of the Cretaceous Sandstone

The 1:125,000 Geological map of this area shows ocutliers of the
Cretaceous sandstone on the basement rocks, especially east of Abeokuta and
north of Ijebu Ode, :iliich indicate the former extent of the sandstone, This
is not seen west of Abeokuta where the sandstone has a sharp boundary with
the crystalline rocks and there are no outliers, In order to trace the
former extent of the sandstone over the crystalline area, the pattern of

stream flow over the crystalline rocks at the northern boundary of the
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Abeokuta formation was examined.

To the West, the Oha and Oyan rivers have their sources on the

Flowing N-S

crystalline rocks far to the north, but near the Cretaceous escarpment,
the rivers change direction and flow in & NW - SE direction until the
Oyan joins the Ogun (Fig. 15). They flow in the same direction as the
strike of the sandstone, The Ogun river, however, flows in a N -« §
direction and is :::m"on the sandstone in the Abeokuta area,

To the east of Abeokuti, the Ibu river rises on the crystalline base-
ment a few miles to the north of the Abeokuta formation, and flows in a
NNW « SSE direction over the crystalline basement. Near the Upper Cretaceous
sandstone, it changea to a NW - SE direction, much as Oha and Oyan do to
the east, The Ona river originates near Ibadan and flows in a N - 8 direction
over the crystalline rocks, but near Ipara, close to the sandstone area, it
starts to flow in a NW - SE direction until it joins the Omi. The Omi
river maintains a N-S flow for most of its course on the crystalline rocks
as it flows between N-S trcnd;ng quartzite bands, but close to the sandstone
it flowe in a NE-SW direction through schists and migmatites until it joins
the Ona river near ljebu Ode.

With the exception of the Omi, all the other rivers flow in a NW-SE
direction near the upper Cretaceous sandstone (Fig. 15). This pattern of
stream flow in relationship to the northern boundary of the Cretaceous
sandstone suggeats either that these streauns wrem on the sand-
stone as the Ogun or that they developed as scarp foot streams, The NW-SE
direction of flow of moast of these streams is consistent with the NW-SE
strike and the direction of the scarp of the sandstone, From this, it may
be inferred that these streams developed in the vicinity of the sandstone as

scarp foot streams, However, this view is difficult to substantiate if the
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implications are examined,

Where streams develop as scarp foot streams, the insequent streams
developed on the scarp face will be shorter than the tributaries developed
on the crystalline rocks, Moreover, as the scarp retreats, as a result of
erosion by the insequent streams, residuals of the scarp will be present on
one side of the scarp foot stream, and absent on the other. Where streams
are superimposed, they are developed on the basement complex and the sandstone
when the level of the surfaces of both rocks were uniform. The streams are
superimposed into the basement rock below by cutting through the sandstone,
The streams will develop tributaries equally on both aidei, and residuals
of the sandstone will be present on either side, The former consideration
applies to the Oha -~ Oyan rivers, while the latter applies to the rivers
east of Abeokuta,

Ne;r the Cretaceous sandstone, the Oha = Oyan rivers developed as scarp
foot rivers. They developed insequent tributaries on the scarp slope and these
tributaries are shorter than the northern tributaries developed on the
basement complex, The amount of lateral shift towards the scarp face by the
Oha~Oyan rivers cannot now be calculated, but their insequent atreams have
effected the retreat of the scarp for 5-8 miles from their parent stream
lines, Between the scarp and the main streams, some low outliers of the
Cretacecus sandstone resting on the basement complex are seen, put none is
seen on the northern sides of these rivers. Thus it can be tentatively
concluded that west of Abeokuta, the courses of the Oha=-Oyan rivers indicate
the former extent of the Cr. taceous sandstone.

w~ e upper courses
To the east of Abeokuta, the streams appear to be luparilpouad on the
K IR cryshalline voeks.
nmcll‘tozmh The Ibu river has its source some twenty miles north of the

present boundary of the Cretaceous sandstone, There is no way of actually
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determining whether it developed on sandstone in its upper course, but its
predominant NW=SE direction of flow on both the basement complex rocks and
on the sandstone strongly suggests that it was initially developed on a
uniform material possibly the Cretaceous sandstone, This observation does
not apply to the Ona and the Omi which flow mainly in a NeS direction until
near the Cretaceous sandstone where they change their direction of flow, It

consequent jﬁmanfbﬂtmthdhmtmndtt
seems that these streams were aapsztlpn-d on the san with thelr change
of direction of flow near the sandstone effected by the strike of the rock.
The Omi does not flow in m NW-SE direction near the sandstone as its flow
is strongly influenced by the schistes and migmatites which it flows across,
In the sandstone, the streams developed wide valleys and tributaries of
uniform length with the result that sandstone residuals are present on either
sides of these streams. These outliers are found 7-10 miles from the msin
sandstone on the basement complex. From this evidence, it seems that the
Cretaceous sandstone used to extend up to 10 miles further north of its
boundary with the basement complex rocks, which, in effect, meant that it
covered the whole of the present landacape around Abeokuta,

The Cretaceous scarp at Imala-Obada

The scarp has two features of interest: as a watershed between north and
south flowing streams; its mode of erosion, It forms the watershed between
the dip streams flowing to the Ogun and the Yewa, and the insequent streams
flowing to the Oha~Oyan system to the north, For the most part, this
watershed is broad and flat-topped, but in some places, it is less than half
a mile between the north and south flowing streams (as at Oloruntedo), West
of Idiemi, the scarp has been completely cut through by the headwaters of
Yewa, and the watershed is continued on the basement rocks as far as

Dahomey boundary.
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The pattern of watershed recession east and west of Idiemni' was
investigated to determine whether the south flowing streams are eroding
headward more strongly than the north flowing streams i.e. is there a
northward recession of the watershed, or vice versa? The Cretaceous sand-
stone dips southwards at 10 and is composed of ferruginised sand bedded
with s8ilt and pebbles, It is highly porous and pervious, supporting fewer
streams than the watershed basement rocks to the north. The acarp slope
of the sandstone is very steep. In this dip and scarp area, with uniform
rainfall on both sides, it would be expected that the scarp streams, which
are shorter and with steeper gradients would effect more watershed recession
than the longer streams on the dip slope. On this premise, the gradients of
the north and south flowing streams were examined in the two watershed section
described above (Fig. 63).

The gradients of the headstreams of Yewa, Ireri, and Oyo flowing to the
south are less steep than the gradients of the streams flowing opposite them
in a northward direction to Cha river, The gradients of the Afon, Obete,
Ighoori and Ilrori flowing to the south, however, are equally as steep as the
gradients of the streams flowing to the north. In the former, it appears that
watershed recession is southwards while in the latter, it appears the
watershed is stable, It is possible that in the first case, the watershed
between the south and north flowing streams was equally eroded by the stream
systems, but since the sandstone scarp has disappeared, the north flowing
streams are moving headward at the expense of the south flowing streams, Here
the watershed will retreat southward, In the second case, most of the morth
flowing streams appear graded, while the south flowing streams are still
ungraded and capable of more erosion than the north flowing streams, The

watershed stability is maintained because it is mantled by laterite equally
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resistant to both the mnorth and south flowing streams.

Bearp Erosion

The scarp has been preserved because it is a compound scarp composed
of an upper resistant laterite cap rock 6-35 ft. thick, which is underlain
by weaker rocks. This lithological arrangement in effect means that the
scarp cannot be lowered unless the resistant cap rock is destroyed.

There are from 2-5 slope segments from the top of the scarp to adjacent
stream lines (Fig. 65). The slope on the top of the scarp is usually flat
or may be up to lo. while below perpendicular slopes formed by lateritic
outcrops are cormon. The constant slope composed of lateritiec blocks is
often steep, varying from 80-25° in all the samples below the constant slopw
is a gentle slope unit that can be dest¢ribed as the footslopej it is longer
than all the other slope units, and has a declivity of !°-7°. In some cases,
the tootslope.il followed by a steep rejuvenation slope, 25-120 ft, long,
and angled between 8}°-20°. Following the rejuvenation slope is a rather
flat slope unit at 20-40. Nearly all these slope units are seperated by
sharp breaks of slope.

The scarp profile varies from a simple concave form, to multi-concave
forme where there have beem multi-phased stream incision and rejuvenatiom, or,
in rare cases, it may be concavo-convex. This last type was seen in one

instance (Fig, 65} 3°06,0§:?°20.0Nt 2nd lowest profile), The upper most slope

[}

®

is flat, and is followed by 2 convex inflexion. The slope below the
infloxion is 100, and following this slope is a lateritic outcrop. The slope
below the laterite  is 26°, and the footslope is 2°. The reason for this may
be hasal sapping of the marginal laterite, In this simple concave and multi-
concave types of profiles, the breaks of slopes are usually very sharp

and often associated with ferruginised crusts, H

Wherever the lateritic cap is thin or absent on the upper scarp slope,
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the value of the constant slope is low and varies between 8.6°o!8.5° with
a8 mean of 14.75° and standard deviation of 2.9° for 12 sanples, Where
isteritic cap is especially thick on the upper scerp slope, the value of
the constant slope is high, being of the order of 18°-26° with a mean of
22.3° and standard deviation of 2.4° for 9 samples. A ltudentuﬁ test is
employed to show whether the difference noted between the means of t!'e samples
is signiticant, The t value is 8,44 and the degree of freedom is 192, whizh
is significant even at 0,.,1% level as seen from Table 3 of Cambridge Elemen-
tary Statistical Tables by D.V. Lindley and J.?.P. Miller., This shows that
the steepness of the constant slope depends entirely omn the presence of the
lateritic cap rock,

The sndrp face is covered by thick forest (; late 58) making observations
of processes under the natural vegetation cover difficult, Most of the
field work was carried out where the slope has been cultivated tor-nnﬂon,
kola nuts and plantains, To a great extent these crops shield the slope
from the effects of deforestation hence the processes observed could be
taken as indicative of those under natural vegetation,

The scarp is undergoing parallel retreat, In some places it is
dissected by large U shaped valleys whose headward extensions often end in
gullies and steep re~entrant slopes, These deep gullies carry very small
amount of water during the dry season and their floors are often littered
with blocks of laterite, BSince the formation of these valleys and their
associated gullies, rejuvenation has led to the development of smaller and
narrower gullies into the old ones with breaks of slopes seen on the gully
sides, Most of these gullies are not active now as their sides have been
colonised by trees (Plate 59). In some cases, the gully heads are also

filled up with laterite debris on which plants have established themselves



Plate 58 The upper Cretaceous scarp as seen between Abeokuta

and Aiyetoro, To the left is the scarp, and to the
right is the footslope.

Plate 89 A gully in the scarp is colonised by plants and
cultivated cocoa, Note the narrower gully below
the old one,
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(Plete 60), and this nlio shows that these gullies are no longer active,
Where the gullies are still active, large amphitheatre like heads with
springs which effect basal sapping arnd slumping of the laterite blocks into
the gully channels are characteristic., The rate of headward sapping 1s slow
and in few instances the springs are choked with lateritic debris. Headward
ofosion is fast in some localities however, as near Araromi village,

On the scarp slope profiles, slope erosion follows a simple pattern,
Runoff on the slope above the laterite cap is never channelled, but on the
free face of the lateritic outerop, runoff becomes channelled, The free fall
of water leads to eddy action in th s#ofter material below the laterite,
eroding the material., The effect of the basal scouring by runoff is to
undermine the laterite sheet which in turn slumps and break up into large
blocks which move downslope., In some cases a small flat pavement may be
found just below the free face,

On the constant slope, runoff may be in three forms, First, in some
cases, gullies up to 10 feet deep and 6 feet wide have developed but these
rarely continue to the footslope below, They form where the channelled
runoff across :Le frve face continues into the constant slope, The |
development of these gullies is intermittent, most of those observed have
their upper slopes overgrown with vegetation , and their lower slopes bare.
The gullies effect further basal sapping of the lateritic cap.

Second, in most places, runoff on the constant slope is in form of
rills which are often parallel and constantly regrading their sides, These
rills are a few inches to about a foot in depth and often disappear on the
footslopes where they may or may not deposit small fans, The rills are
powerful erosional agents cutting back the constant slope as the laterite

breaks up.



Plate 60 Laterite blocks on which trees have established themselves,
Note the block firmly entwined by

tree rToOOts

N NS

et

Plate 61 An outcrop of iron pan :t’ ,‘zhelu:ta. %
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Third, unchannelled sheetwash especially on farmlands, is effective in
removing materials from the constant slope, Soiloreep is another agent of
erosion on the constant slope.

The footslope is mainly eroded by sheetflow as the small gullies and rills
do not often continue over it, Spring gapping is also active, Near
Anigbado village on a 4i° slope, a spring with typical amphitheatre-like
head has developed and is moving headward repidly on to the constant slope,

A comparison between the weathered profile of the scarp and of the
footslope further illustrates this backward retreat of the scarp face, Near
Anigbado village, a deep gully in the scarp shows a complete and mut.uwred
weathering profile consisting vertically of the upper soil horizon, the
lateritic outcrop, the clayey layer below the laterite, the mottled and the
pellid zoncs (the thicknesses are given in Chapter 12 under lateritic profile),
On the footslopes, about 300 yards away from the scarp face, the weathering
profile shows an upper clayey layer in which lateritic pisoliths are common,
about a foot thick, and this is followed by the pallid zonc ab ut six feet
deep, of the same materizl as on the scarp face. This weathering profile
is clearly truncated, and the interpretation that can be given is that the
backward reotreat of the scarp has led to the truncation of the weathering
profile, and the whole weathering profile from the top soil to the pallid
zone is involved in the backward retreat, This is much the same as the
truncation of weathering profile and backward retreat noted in Uganda by
Ollier (1959a).

From the evidence citcc so far, it may be inferred that it is the
lithological pattern whereby laterite caps the sandstone that has allowed
the backward retreat and the essential preservation of the scarp. In some

cases, sandstone residuals are seen a few hundred yeards from the main scarp
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with the laterite cap still intact; here the constant slopes are as steep
as on the scarp face. Where such residuals have lost their lateritic caps
(being replaced by lateritic blocks) the constant slope has become flatter.
Near Apata village (Aiyetoro-Imala road) the constant slope of the scarp

is 240, but the slope of the residual nearby with no caprock is 160.

The scarp slope profiles show distinct breaks of slopes, and it is
possible to determine the levels of slope breaks and compare these with what
were observed in the valleys on the dip slope (chapter 7). The upper
surface on the scarp varies between 550 ft, around Apata to about 750 ft,
near ldiemi. Between Apata and Anigbado village the break of slope
appears to delimit two surfaces; and upper surface above 550 ft., and a
lower one at 375-475 ft, These correlate with the surfaces noted around
Aiyetoro at 400-600 ft., and 275-380 ft. (chapter 7). Between Anigbado and
Idiemi, the break of slope delimits two surfaces at above 700 ft. and at
450-650 ft,. respectively. These are much the same as the surfaces noticed
around Meko at 500-800 ft, and 475=-650 ft. It seems that thc «rosional
phases operating on the dip slope have also possibly operated on the scarp
slope.

Erosion of the Sandstone around Abeokuta

In the vicinity of Abeockuta, the Cretaceocus sandstone slopes to the
Ogun river and to the scuth. In this area, it is covered with massive
vesicular laterite which outcrops in several places., The pattern of
erosion and landform development is dependent on whether or not this
lateritic cap is present, The sandstone here is being dissected by the
tributaries of the Ogun - the Anikanga, Shokori and Oya. The Ogun itself
has cut through the sandstone to the basement rocks,

The sandstone was initially dissected into large blocke by streams,
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As the gstreams developed more tributaries, the blocks where further sube
di;ided into smaller blocks, The headstreams of the rivers are now

incised into deep narrow vaileyl and are still actively engaged in head-
ward erosion, but due to laterite cover and thick‘forelt on the slopes,
spectacular gully erosion is not prominent. In cleared areas, sBheet erosion
is not pronounced probably because of the porosity of the soil. Between

the Oya river south of Abeokuta and the headstreams of the Anikanga, the

characteristic landforms areg
a) the residual hills
b) the deep valleys

¢) the undulating area with crystalline rock outcrops near and between

the residual hills (Fig. 64)

The Residual Hills: These are the remnants of the once continued Cretaceous

sandstone, They may be categorised according to whether they are tabular
(mesas), conical, domical or elongated ridges, There are also very large
types in the form of small plateaux. The tabular types almost invariably
have a thick }aterite cap and are at the same elevation as the main sandstonnej
the domed types may or may not have laterite caps; the conical types have no
laterite cover; the elongated types, when they are flat topped have laterite
caps, but when narrow and knife-like have no laterite capj; the large plateaux=-
like residuals almost invariably have laterite caps exposed at their edges,

It was not possible to carry out more than a few slope profile survey,
but where this was done it was observed that most of the slope elements
noted on the scarp face in . ue Imala=-Obada area, are also present on the
slopes of the residuals. The only difference is that the free faces of the
laterite caps are infrequently seen, being obliterated by the debris on the

constant slope, The effects of peripheral slumping of laterite due to sub-
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surface sapping is well exhibited on the residuals, There are altitudinal
differences of up to 20 feet from the laterite at the peripheral slope to
the top centre of the residuals, The debris slope of the surveyed tabular
residuals vary from 190-21i° and the foctslopes vary from 299703 the
constant slopes of the surveyed conical residuals near by vary from
6&0—1o§°, their footslopes are the same as for the tabular residuals,

The maximum slopes of the residuals were calculated using strahler's
(1956 ) method, and the table below shows the frequency of occurence of the
maximum slopes of the different residuals. The complete data is given in

Appendix 5,

Table 36, Maximum slopes of the Sandstone Residuals

Types of Residuals 0%-3° 3%6° 6%-9° 9%-12° 12%15° 15%18° 18°-21° 21%-24°

- SRS, | 3 %o 2 % % %

Tabular with laterite
cap - - 77 7.7 23,07 77 46 .14 7.7

Domical with or
without laterite cap 3.1286 6.25 34,37512.5 18,75 9,378 15,625 =

Elongated with or
without jateriic cap - - 33,3 - 33.3 - 16.7 16.7

Conical without
laterite cap 6.25 6,25 18,75 37.5 25.0 - 6.25 -

The mode of maximum slopes for the tabular types of residuals is 180-210,
and for the domical type it is 60-90, while the elongated type is bimodal
at 6°-9° and 12°-15%, the conmical type is 9°-12°, This shows that
residuals with laterite caps have the steepest slopes, This is also
verified from the large residuals with laterite exposed at their i, per
slopes; thcir constant slopes are always very steep.,
It is difficult to postulate a genetic link between the different

residuals, Although the tabular types may be observed in airphotos, there is
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less certainty about the domical and the conical types, and field

verification is rendered difficult by the forest cover. The tabular types
however are often closer to the main sandstone and invariably larger than the
others -~ Appendix 8, ‘lt may be tentatively concluded therefore that the
tabular and the elongated types with lateritic cover represent the stage of
youth, while the domical and the conical types represent the maturity stege

in the evolution of the sandstone residuals,

Stream Valleys in the Dissected Sandstone Most of the v#lleysihave
wide floors filled with alluvial meterial, especially in their middle and
lower courses., In their upper courses, they are deep, steep sided and
often end in gullies incised either into the large residusls or into the
main sandstone, The mosat interesting aspect is that some of the valleys
are dry. Like the dry valleys in chalk or limestone, they ecarry vtrf
small amount of surface water in the wet season. Some of the dry valleys
constitute tributaries of the Oya river and can be seen in Fig;J64. These
dry valleys are wide bottomed and often look exactly like those valleys
carrying water, but the basic difference between the two types is in their
upper reaches, The dry valley heads are not in fornhdeap gullies,

Instead they flatten out against the residuals,gz-the main sandstone, and
are at higher levels tham those of the water-carrying valleys,

The presence of these dry valleys can be interpreted in two ways. They
might have been formed in & relatively wetter period than the present, and
thereby constitute useful evidence of climatic fluctuations, However, if
this were so, moat of the valleys in this area would be expected to be dry
since they were formed under the same conditions and in the same rock type,

(]
The alternative explanation is $khe assign the formation of these valleys to
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the uplift and erosional dissection that led to the formation of the whole
landform, With uplift and increased dissection, the water table below the
sandstone would migrate downwarda, and the rivers would have to deepen
their valleys. Rivers deficient of erosional material cannot effect
linear erosion as those rivers with erosional material éspecially iaterite
debris and quartz fragments, hence would be relatively shallower Llhan the
others, At the cessation of uplift, the watertable would have migrated
far below the level of the shallow valleys hence such valleys \.oull be dry
in their upper reaches, carrying water at their lower reaches which are

at the level of the local watertable,

areund
The Inselberg Terrain is=r Abeokuta

The sedimentary rock overlying the crystalline rock is composed of
materials previously weathered and recemented, As it is pervious,
weathering has advanced far into the crystalline roeka below the sandstone,
At the headatreams of rivers Irori an. Igbori, the point of contact between
the sandstone and the crystalline rocks was seen, Here the gneissic rock
is weathered ii.. '‘hitish clayey substance, but the quartz constituents are
8till present and the structure of the rock is still preserved, In no
instance was the sandstone seen to lie on fresh crystalline rock, but on the
footslopes of the sandstone residuals south of Abeokuta and near the
Cretaceous scarp, small convex rock outcrops, up to 30 ft, high with small
corestones littering their surfacea were scen, As the sandstone is of
nuline deposition, it appears that the crystalline rocks have been weathered
since the sandstone was deposited on them in the late Cretaccous,

The pall:rn of weathering in the sandstone is not difficult to envisapge.
As it is composed of clastic material of uniform porosity and perviousity,

the weathering front will be fairly regular; the weathering front on the
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underlying crystalline rocks is not easy to determine, Evidences of
weathering beneath the sandstone near the basement complex are derived from
records of boreholes of the Nigerian Geological Department, Ibadan, The
boreholes are confined to four localities all of them lyiné on interfluves
on the sandstone, |

1. At Meko weathering into the crystalline rocks beiow the sandstone is

10 = 29 feet,
ii, At Aiyetoro, it is 47 = 57 feet,
iii. At Maroko, it is 180 feet.

iv, At Ijebu 1fe/ljebu Ode area, it varies between 13 - 47 feet,

ve. At Isaga it is 34 -« 85 feet,

This is insufficient to warrant any serious conclusion and~fertuitowe
én diebri+botITI, but it still suggests that the depth of weathering in the
crystalline rocks may be deep and the weathering front appears to be
highly irregular. With the erosion of the overlying sandstone and the
regolith incumbent on the unweathered crystalline rocks, tic i regular basal
surface was revealed as low rock pavements, corestones, tors and low
inselbergs. The inselbergse are mainly composed of porphyritic granite and
porphyroblastic gneiss, rocks which form many of the inselbergs on the
basement complex further to the north,

The heights of the imselbergs in Abeokuta vary between 200=569 feet
above the sea level, the sandstone residuals east and south of the town
vary between 500-625 feet., This height differential between the two types
of residuals meant that thc sandstone could have once .covered the sites of
these inselbergs, Except for unloading sheets onm these inselbergs, their -
vertical joints are still relatively unopened, and this means that the

inselbergs are relatively young. Their age can be tentatively estimated as
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late Tertiary to Quaternary,

The depth of weathering in between the inselbergs is extremely shallow
and many runnels within Abeokuta have bare rock outorops in thcir channels,
The present weathering profile is immature consisting ofg

a) O = 9 ins, an upper s80il horizon, reddish grey and composed of sand

and e¢lay,

b) ¢ ins, = 2 ft, 3 ins, an iron pam composed of fine sand cemented

together by ferric material, and outcrops nuite often
(Plate 61),
ec) 2 ft, 3 ins, -« 4 ft, 6 ins, a whitish grey horizon composed of
hydrated felspar and quartz fragmonﬁl with the texture
of the parent rock still recognisable} in gneiss, this
horizon is pinkish red,

d) over 4 ft, 6 ina, the unweathered parent rock.J
In several places in between the inselbergs, no weathering has taken place,
the bare rock surface is exposed as wide irregular pavements carrying small
corestones on their surfaces,

It appears that the observations of Falcomer (1911) that weathering
below the sedimentary rocks into the crystalline rocks can lead to the
evolution of low inselbergs ias confirmed by the pattern of landform
develcpment in Abeokuta area, The occurence of the low inselbergs, tors,
corestanesand rock pavements close to the Cretaceous sandstone, leads to
the conclusion that they were produced as a result of deep ieathering of
the basement complex below the sandstone and revealed when the overlying

sandstone and regolith were removed.,
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APPENDIX &

MORPHOMETRIC PROPERTIES OF THE CRETACEOUS SANDSTONE
RES IDUALS AROUND ABECKUTA

Tabular Type (with Lateritic Cover) Qmicnl Type (with or without

lateritic cover)

No, Height ft, Max, Slope Area (sq. mls) No. Height ft, Max. Slope Ares §q. mls,
2. 480 217 300 0,2304 3 275 37 18 0.0192
7 370 10 3¢ 0,0896 8 170 9, 20 0.0512
13 460 13 18¢ 0.1600 10 125 6, 42' 0.0256
16 480 19 24° 0,3200 11 170 14 33! 0,1024
17 6520 19 24¢ 0,3200 12 260 3, 18¢ 0,0266
22 520 19 24¢ 0,3072 14 320 8, 6° 0.0448
27 610 19 24¢ . 03520 18 370 9, 42* 0.0612

29 615 13 18*  0,1792 23 560 i o4 0.1162""

48 610 19 24¢ 0.1024 24 810 16, 24' 0.0448
49 515 18 24° 0,1600 30 510 2, 42' 0.1024
51 516 20 48" - 0,1600 31 890 g, 6° 0.0512
61 560 13 184 0,0704 34 510 - 13 18° 0 ,0832
63 . 480 6 42t 0.3200 35 620: 19 241 0,05676
38 460 13 18* 0.0640
CONICAL TYPE (with no Laterite Cover) 40 ¢+ 360 7 24" 0.0320
No. Helght ft. Max. Sloge Area (sq. mis) a1 830 20, 40° 0.0640
1 450 100 54, 00,0192 43 310 6, 420 0,0320
4 320 9, 207 0,0160 44 320 . 6, 42° 0.0320
5 270 2 42, 0.0160 45 460 14 33¢ 0.0896
9 120 10 3€ 0,0096 46 518 18 _ 24' 0.,0640
19 330 3, 18y 0,0128 50 515 6 _ 42' 0.0640
20 360 9, 42 0,0192 82 . 390 1o 3¢ 0.0640
21 460 14 33 ' 0,0160 63 415 13, 18* 0,0768
25 460 6, 42 0.0448 54 410, 1 21 0.0576
26 460 8,6 6 0.0192 55 518 13 18! 0.,0768
28 410 9, 42¢ 0.0384 57 600 . - . 19 24" 0.0448
36 570 13 18¢ 0,02568 68 615 19 24° 0.0832
37 620 19 _ 24¢ D.,0192 59 415 8 6 0.0256
42 370 10 3¢ 0,0256 60 ' 485 6, 42° 0.0320
. 56 500 8, 6' 0.0026 62, 510 16 24" 0.0320
66 610 13, 18° 0,0512 64 = 378 62 421 0,02686
67 610 13" 18¢ 0,0320 635 800 - 8 6 0.0384

ELONGATED TYPE (With or without lateritie

5 cover)

6 410 130 18¢ . 00,1152
15 328 6 42¢ 0.1920
32 570 6° 42¢ 0.2560
39 560 zzz 240 0.2240
47 520 19° 24+ 0.0832
68 670 14° 330 0.1124

* indicates lateritic cover,
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Chapter 14

Conclusion

This thesis is in two parts. The first is devoted to an examination of
the physical background, the geomorphological processes, and the broad landform
pattern of South Western Nigeria; the second is a discussion of some important
landform elements on the crystalline and sedimentary rocks.

Landform development in South Western Nigeria dependa onthe factors of ‘
geology, geological history, climate eupecially rainfall and temperature,
chemical weathering, erosion and vegetation. Based on surficial configuration,
the following physiographic regione were recognised:

Coastal Sands, Creeks and Lagoons

Coastal Plains

Alluvial Flats

Dissected Southern Upland

Ewekoro Depression

Southern Meko Plain

Northern Upland - Area of deep incision

Area of mature dissection
Dissected Margin
Dissected Terrain - With low ridges and hills
With high ridges and hills

Gently Undulating Terrain with Occasional Hills

Hilly Terrain.

Geomorphological regions were delineated on the basis of area of basal
surface of weathering exhibited, the amount of laterite present and the intensity
of erosion in the diZferent drainage basins as signified by certain drainage

properties. These landforms do not consist of widespread erosion surfaces, but
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are etchplains and etchsurfaces developed across the weathered profile of the
initially sloping surface whose remnants are still preserved on the primary
watershed further to the north, The landforms are:

Sedimentary Area -~ (Partially Dissected) Lateritized Plain

Dissected and partially stripped Etchsurface
Zone of Dissection and Partial Stripping
Aggraded Plain
Partially Dissected Coastal Plain
Crystalline Basement Area - Partially Stripped Etchsurface
Dominantly Stripped Etchplain
Dominantly Stripped Etchsurface.

The sedimentary landforms are related mainly to the geology and the drainage
pattern of South Western Nigeria, On the crystalline rocks, the dominantly
stripped landforms are developed on granites; quartzites and schists, while the
others are developed on gneisses and schistas. Vegetation also affects landform
development for the dominantly stripped types are mainly in the savanna.

The physiographic regions and the landform types correspond closely. The
Coastal Plain forms an individual unit, while the Ewekoro Depression} éouthern
Meke Plain, and the Alluvial Flats correspond to the Aggraded Plains. The
dissected parts of the Southern and Northern Uplands are identical with the
Dissected and Partially Stripped Etchsurface on the sedimentary rocks while
the incised part of the Northern Upland covers the same area as the (Partially
Dissected) Lateritized Plain. The Dissected Margir is the same as the Zone of
Dissection and Partial Stripping.

On the crystalline rocks, the Dissected Terrain with Low Hills and Ridges

nearly corresponds with the Partially . “tripped Etchisurface except for some ireas
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south of Ibadan and west of 1jio., The Gently Undulating Terrain covers the
same nr;; as the Dominantly Stripped Etchsurface except for the area west

of 1jio, while the Hilly Terrain covers nearly the same area as the Dominantly
Stripped Etchsurface except for areas north of Iwo, around Iseyin and around
lwere.

The most important foonorphological process in South Western Nigeria is
chemical weathering. It afrocta all the rocks, but the Jcgree to which it is
effective depends on the structure, the texture and the lithology of the rocks.
Jointed and foliated schistose rocks can absorb water and are relatively more
quickly weathered than rocks with few joints. The basal surface of weathering
is highly irregular in the crystalline rocks, with depth of weathering shallow
below river channels, but deeper under interfluves. In the sedimentary rocks,
the weathering front is regular. The effect of weathering over a long geological
period is to produce a thick layer of regolith, Where the regolith is developed
on schiatl; amphibolites and other ferro magnesian rocks, such regolith is
relatively impermeable and can lead to the formation of laterite.

Af ter weathering or concurrently with weathering base level changes may
lead to erosional stripping of the regolith, In South Western Nigeria. erosion
is in form of gullying, rilling, surface wash, eluviation and mass movement,
Where the lithology is suitable for the formation of laterite caps over the
regolith, backwearing may occur; otherwise slope flattening is normal. The
effects of differential erosion under multi cyclic phases is to produce the
various etchplains and surfaces and also inselbergs. On the sedimentary rocks,
local erosion surfaces are produced.

The characteristics of individual inselbergs will depend on the nature of
the parent rock; they are large and occur close together in granites, and they

are of various sizes and occur furtherapart in gneisses. Inselbergs disintegrate



H At the boundary between the crystalline rocks and the sedimentary rocks,
the pattern of stream flow to some extent reveals the former cxiont of the
Abeokuta formation over the crystalline rocks. Close to the Upper Cretaceous
gcnrp east of Abeokuta, the Oha-Oyan rivers flow parallel to the scarp in a
Rl.- 8B direction following the strike of the sandstone, and there are few,
Jow sandstone residuals between the scarp and the river. East of Abeokuta the
ibu river appears to be superimposed in its upper course. Other rivers like
Ona and Jbu though they flow in a NW - SE direction close to the scarp, they
appear to be extended consequent rivers on the sedimintary rocks. It can be
concluded tentatively that west of Abeokuta, the former extent of the sandstone
is marked by the Cha-Oyan rivers, and east of the town, the sandstone outliers
show that the Abeokuta foraation extended about 10 miles further to the north

of its present boundary with the corystalline rocks.
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a8 a result of phylico-chinioal weathering and superficial erosion by runoff.
Pedinents are formed at their base, and are at present being eroded by surface
wash and eluviation. Pediment angles vary under different vegetation cover,
but are steepest under forest. Valley cross profiles vary from one landfonm
type to the other, and they are mainly related t; the stages of ercsgion within
the landforms.

1F Laterites by their presence or;abuonce play important roles in_landtorl
development both in the form and development of slopes. They also preserve
the local erosion surfaces on the sedimentary rocks.

Discugssion and Problems

The study of geomorphology in the humid tropics most especially in Western
Nigeria is inhibited by the lack of sufficient data about the physical environments,
about the geomorphological processes and about the geomorphological features,
Temperature and rainfall data are scaity and the collection is haphazard.

> k sbtnin dald
Evapotranspiration processes are largely unknown, but #his is _essential, in order
concarning It amennt o A
to determine the amount of water availauvle for chemical weathering. The geology
is still not definitive as the boundaries of the various rocks on the geological
maps are uncertain, It is difficult to explain how the 100 foot generalized
contour line (Fig. 7) is approximately the same as the boundary of the Alluvial
deposits along the rivers (Fig. 3). Data on erosion and sedimentation are
sparse and collected by untrained operators; hence they are of limited value
in agsessing the processes and amount of erosion.

A major difficulty in quantifying landform properties, which plagues even
goverment surveys, is theabsence of large scale maps. Most of the survey work
carried out by government agencies are based on the 1:50,000 maps, and landform
properties cannot be accurately determined from these sheets. This emphasises

based on arphok and saferpretation
the importance of detailed field survey, Collection of field data on landform
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properties has its own inherent problems. When landform properties e.g. slopes,
are to be measured, the recommended approach is to decide the area¢of sampling,
the number of samples, and the sampling points (either by random, linear, or
stratified method) on the maps, 'Quite often in the forest and the derived
savanna area such sample points are difficult to locate and may be inaccessible.
I'he effect is, that data on landform characteristics :;r;dwayl too few,

1t is admitted by most authors that chemical weathering is the most important
geomorphological proc?sa in the hu;id tropics. What happens however, when | “
minerals are undergoing changes, the pattern of ion changes and development into
secondary minerals are still largely matters of conjecture. Thin gections of
partially weathered rocks can yield an invaluable information about this, but both
the chemical and the physical changes still require detailed studies. 1In dreas
of low to moderate relief as in South Western Nigeria, the depth of weathering
is seen (Figs. 17 - 20) to be shallow along the stream lines becoming deeper
under the adjacent interfluves. This was confirmed by Ruddock (1967) in Kumasi
digtrict in Ghana, but Mabbutt (196ia) observed the oppbqlte in Australia,
In Western Nigeria, all the data on this pattern of weathering is derived from
sites specially selected for dam building, where the outcrops of fresh rocks
along the streams favour seismic investigations. Thus the data may not be
representative of the weathering pattern. It is necessary to collect more
data in order to be able to éonfirm or reject that this pattern of weathering
is the norm in areas of low to moderate relief in the humid tropics. The ﬁlglo
of deep weathering beneath interfluves has been ascrited to the ver}ical ’
movement of groundwater beneath the interfluves, but this explanation by no means
answers all the problems.

The landforms of South Western Nigeria have resulted from chemical weathering

nov
baselevel changes and erosion, but the pattern is not clear, Ikewise, se® is the
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)
effect of climatic changes on this weathering and erosion, It is uncertain

whether chemical weathering and erosional stripping occured pari-passu or
whether deep weathering occured first before uplift, rejuvenation and erosional
stripping, The first situation can arise if the land is being uplifted
gradually over a long period, and thisg is the situation envisaged by Wayland
(1933) to explain the etchplains he recognised in Uganda, The second situation
can urise if a periocd of tectonic| stability is followed by an uplift, with
both alternating at regular or irregular intervals. The two processes would
essentially give rise to widespread stripping of the weathered regolith to
reveal a large proportion of the basal surface of weathering as seen in the
crystalline basement of South Western Nigeria., Evidence of distinct breaks
of slopes on valley cross profiles, development of wide valley benches and
terraces associated with detrital laterite on the sedimentary rocks, knickpoints
on the long profiles of the important rivers and local levels of erosion in
the granitic terrain at Eruwa-Lalate and ldere-Tapa, lead to a tentative
conclugsion that upli!tl of the land in South Western Nigeria was intermittent.
The number and the relative amount of uplifts are still largely unknown and
ruriher studies are required to elaborate on the pattern of tectonic movements.
So far, it has not been possible to identify the influence of past
climatic changes on the pattern of landform development. The evidence submitted
is not convincing and is capable of various interpretations. Tricart (1956),
Moss (1961) and De Swardt (1953) state that vesicular laterites associated
with high erosion surfaces were formed in the dry phases, and in the following
wet periods, the surfaces were dissected, and lower surfaces with detrital
laterites developed below them. The formation of laterite may require phases
of wetting and drying either over long geological periods or over relatively

shorter periods, but the most important factors in lateritic formation are
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the topography, and the water retaining capacity of the parent regolith

i.e. whether or not it contains an impervicus stratum. Climatic changes in
the forested area appear ' to be slight as it has not inhibited deep chemical
weather ing which requires water. The pattern of climatic changes and the
effect on landform development has yet to be determined.

The effect of vegetation, especially thick forest on landform development
is still not clearly understcod. The micro climate at the floor of the forest
is relatively unknown, but it is important because here the humidity is
higher and temperature lower than outside the forest. Humid tropical
rain forest produces large amounts of organic debris and these encourgge
deep weathering through the supply of organic complexing agents, and by agsisting
infiltration of rain water into the soil. There ?:virtually no data on
runoff, but from observations, it is clear that runoff in the forest is
snall; consequently erosion is inhibited. The important geomorphological
processes are thus leaching and eluviation. The soils are relatively deep
and there are few exposures of parent rocks. In the savanna area, more of the
soil surface is exposed and this leads to oxidation, while runoff is large;
consequently degradation by surface wash, rilling and linear erosion is
important. It is necessary to collect data on the bed loads and solutes
of rivers in order to assess the degree of erosion in the different vegetation

zones.

South Western Nigeria in Tropiral Geomorphology: The hurid tropics of which

South Western Nigeria is a part, appears to be a distinct morphogenetic
region., Here, over a long geclogical period, the geomorphic processes have
operated essentially continuously; the intensity of these processes are
governed by a set of factors peculiar to the humid tropics - high temperature,

high relative humidity and large amount of rainfall. The distinct morphogenetic
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elements are rock weathering and transportation of the products. Chemical and
to some extent physical weathering account for the major part of material available
for transportation, Because the dominant process is chemical, the structure and
lithological variations are of major significance in the evolution of the land-
scape. This is compounded by the vegetation cover, and the effectiveness of
the climatic factors is enhanced or diminished accordingly. The presence of
absence of rock exposures and the depth of residual soils in any locality is
determined therefore by the combination of tﬁlao factors.

Chemical weathering depends on the volume of water penetrating into the
soil, and this in turn depends on the total rainfall and the pattern of precipitation.
The total amount of rainfall in South Western Niéerin is everywhere above 45 ins.,
but the amount available for weathering depends on several factors especially
vegetation. In the forest, the volume of rain water reaching the ground is
reduced by interception in the canopy; on the other'hand the leaf litter helps
water to infiltrate into the soil. High temperature also encourage rapid chemical
reactions, such as organ!c'decay. leaching and weathering which break down the
parent rocks. As nutrients are provided, these are incorporated in the closed
cycle of vegetation which in turn, prevents surface eroeion. Thus there is an
ecosystem involving the vegetation and the geomorphological processes in the
-forest. With no lhddon change in the system, the tendency is for the depth of
quath.ring to increase, hence the spectacular depths of weathering peculiar to
the humid tropics alone. Where there is a disruption in the system either by
removal of vegetation or by change of base level, depth of weathering will become
reduced 2s a result of accelerated erosion; the lithological variations within
the different rocks will be manifest in the different types of landforms that
result. Thus in South Western Nigeria, although chemical weathering is pronounced,

the effect of the bectonic movements and vegetation differences has led to the
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formation of different landforms in which the rock structure is the most
important factor. These different types of landforms are shown in Chapters
4 and 6.

The most importnnﬁ erosional agents are rilling, gullying basal sapping,
surface wash and mags movement. Due to the absence of coarse bed load, linear
erosion is weak in most of the stream channels. The development of rills and
gullies depend on the vegetation covéer and the soil structure, Where the
vegetation is removed as illustrated in Chapter 5, rills develop very rapidly
and such rills often grow into large gullies. The development of gullies is
intermittent, and except at favourable locations like scarp faces, gullies are
relatively unimportant erdsional agents, Basal sapping operates in sreas of
steep slopes on the regolith under the different vegetation. Surface wash is
particularly important in the savanna area where the land surface is exposed for
some part of the year, Mass movement like slumping and sliding are important
in areas of ateep slopes, otherwise they are not of much importance, but goil
creep is particularly important as it operates everywhere in South Western
Nigeria, Relatively little is known of these various processes and further
gstudies are required in order to fully assess the pattern of erosion in the
humid tropics.

Application

Most theories on landform development in the humid tropics are based on
inadequate data and mostly on visual evidences, Instrumental datahas been used in
this study to substantiate or disprove some of the existing theories. Important
landform elements have been measured and described e.g. inselbergs, pediments,
valley slopes and scarp slopes, and these are observed to vary; the data further

provides an insight into the nature of the processes affecting these landform

elements.
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Geomorphology is becoming an applied science. This is particularly relevant
where economic development is connected with the efficient exploitation of the
land, 1In this context, it is valuable in identifying the broad geomogphological
characterigt§cs and the processes operating in the different areas. Thus where
soil, vegetation and peomorphological factors are in a delicate balance, it
is necessary to preserve this balance. For instance, on the sandstones of
Eagtern Nigeria, the removal of the forest,coupled with the weakness of soils!
texture and the torrential thunderstorms led to serious sheet and gully erosion
that destroyed about 500 sq. miles., Similar effects could occur in South Western
Nigeria as deforestation at Shasha on the Eocene Sandstone has led to spectacular
gully erosion. Gully development on the steep scarp slope of the Upper Cretaceous
sandstone is kept in check by the forest cover, if the forest is removed, gully
development would be a serious probéém. The solution to this problem lies in
understanding the soil structure and the local hydrology. Road making requires
some knowledge of the local geomorpholrnoy. Areas liable to slumping and masgs
movement were not properly identified before the road making programme started
in Nigeria, with the result that in Udi area, on the sandstones, the roads are
frequently blocked by large masses that fall on them. In this area, drainage
from the road also leads to gullying. This problem is also encountered in the
sandstone area between Obada and Meko where the road is built on the steep
valley of the Yewa with large masses occasionally slumping on it, Where sedimenta-
tion is an important process, such places may be especially valuable for rice
cultivation. This is clearly illustrated in the fadama land of Sokoto Province
where rice cultivation has become important in recent years. The sané may be

possible in South Western Nigeria on the Alluvial Flats along the important

rivers.
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On a wider scale, the land capability of the iholo state can be assessed
based on the knowledge of the geomorphology. For instance, soil mapping is
intimately related to the evaluation of surficial configuration especially slopes,
and the nature and amount of rock outcrops. L ~In following this principle, the
F.A,0, (1902; cairried out a iandtypo and land classification : survey of bart of
Western Nigeria. The survey was based.on topography and soils. The area was
described as gently: rolling, rolling, steeply rolling and rugged oroken country.
Moss (1963) also carried out a land use survey of part of Western Nigeria based
on slope characteristics, but most of the slopes were measured from maps. This
type of topographic classification although detailed, is inadequate in two
respects, it only conveys vague impressions about the nature of the landforms and
secondly it makes no mention of the dominant processes that will likely affect any
development scheme., The dominantly stripped landform with several rock outcrops
around Oyo is described by the F.A.O0. as gently rolling. This gives the impression
of a deeply weathered landform, whereas the particular landform with its several
outcrops has shallow depths of weathering and shallow goils unsuitable for large
scale eultivation.

In thig instance, the role of the geomorphologist is to produce a map showing
the geomorphological characteristics of the landforms. Detailed morphological |
mapping as suggested by Savigear (19585) is desirable, but is time consuming
and expensive as large scale maps are necessary. A quicker approach would be
to identify the general surface form and the materials constituting the ground surfac
the slopes of the ground surface, and the relative amount of rock and lateritic
outcrops from airphotos. Th&ae factors are most likely to affect the soil sequences
and the goil catena un the different landforms. Deeply weathered landforms with

few rock or lateritic outcrops and with uniformly gentle slopes, will have " ell
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developed soils, even though each scoil type will be related to the parent
material and to the slope of the land. Landforms with several rock outcrops
will have shallow depths of weathering, and will give rise to stony and immature
soils. Landforms with widespread occurence of laterite and with steep slopes
as between Meko and Alyetoro will carry poor thin soils., Using the criteria
mentioned above, the various landforms can be delimited from airphotos as
carried out in Chapter 6. Exaninationacﬁr the drainage basins within the different
landforas will provide additional information onpgcially about the dominant
processes. Detailed information about each landform type can be obtained in
the field by cutting traverses and mapping the angles and extents of the different
slope facets, and flats, rock outcrops, laterites etc; and observing the important
processes operating on the land facets. Using this data, the landform can be
further subdivided into smaller units. For each unit, it is necessary to give
accurate descriptions of the land facets, to identify the genetic processes and
to indicate the trend of further evolution. Such maps and the accompanying
descriptions can give preliminary knowledge about the land and soils to pedoligists
by enabling them to situate soils in their proper perspective, and alsoc to rid
them of the initial problems of so0il mapping. The maps will further supply a
body of date which are of aid in establishing improvement schemes. By specifying
the direction of the evolution of the land facets it will be possible to avoid
areas of potential erosion, make it easier to adopt methods to check such erosion,
and help to locate agricultural schemes in suitable areas. The maps have the
merit that they can be rapidly compiled and are inexpensive. The preliminary
mapping done in Chapter 6, and the details on landform facets in subseguent
chapters can be extended to cover the whole of Western Nigeria.

This thesis is & contribution t6 knowledge of the geomorphology of Soith

Western Nigeria, and further gives an insight into the geomorphology of the
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humid tropics. Its practical significance is that it can be of help in solving

some of the problems of land development in South Western Nigeria.
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GLOSSARY

Landform - Can be defined simply as “"the form of the land” or ag “a feature
of the earth's surface with distinctive form characteristics
which can be attributed to the dominance of particular processes
or particular structures in the course of its development and to
which the feature can be clearly related.® The sacond defimition
is implied in this thesis.

Landform element - Thisp is a component of & major landform. For instance an
eroded landforms may be composed of valleys, interfluves, streaams,
rocik outcrnﬁ' and laterites. Each of these constitute an elenent
within the major landform, but each of them by ftself is still a
ainor landform unit,

Landfora facet - 1s used im thé same sense as landform elemert.

Physiography - The wc~d is used in this thesis to mean the physical features
of the terrain, their causes and their relation to one inoth.r.

Youth, Maturity and Advanced Maturity - Thesd are words used to describe the

( various chromological stages of landform disseation. Davies (1902)
is of the opimion that l-fillOC$ld landform is youthful till
valley widening hag con;uuod the initial surface, mature when the
interfluve is being lowered and old when it is a peneplain.
King (1951) believes that the landform is youthful when the initial
surface covers about 40-80% of the whole ares, and mature when
the adjacent valley sides converge. The Davisian definition poses
the problea of recognition. How can an interfluve be recognised
as part of the initial surface? T!he sane applies to King's defiaition.

There is little doubt that in the humid tropics, valley widening and
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interfluve lowering occur simultaneocusly, hence it is difficult

to recognise any initial surface. Thus to describe the various
stages of landform dissection in the humid tropics, it is necessary
to establish what areal percentage of the landform occur as valley
slopes (:>2°) and valley bottoms, and what percentage of it is on
the interfluves. This has b..n.dono in this thesis - Pages 47-48
and Page 51. The calculation is especially valuable in showing

the intensgity of dissection in an area.




