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ABSTRACT
This paper is a report of Tokyo Metropolitan University Climatic Geomorphological
Research Project for East Africa that was carried out in southeastern Kenya in 1971.
Morphogenesis and evolution of landforms in the inland plateau, formation of the Foot
Plateau, evolution of the Coastal Plain and geomorphological significance of reddish soils
overlying the land surfaces in the coastal zone are the main subjects which are described and
discussed in this article.
1) Although most of land surface in the inland plateau has been considered to be a
remnant of end-Tertiary erosion surface, slight modification of it has continued due to
various morphogenetic processes throughout Quaternary up to the present. In the later stage
of evolution shifting sheetflood-like flows and wind action in a prolonged dry period seem to
contribute to smoothing land surface. From radiocarbon dates it is assumed that
redistribution of reddish sandy soils overlying much of the plateau has caused even in these
10.000 years. Dissection of plateau has led to stripping of regolith. resulting in
rock-controlled outcrop landforms such as bornhardts, a product of simple exhumation. In
contrast, the origin of higher residuals is polygenetic and multicyclic. Embryos or preliminaries for subsequent evolution of inselberg landscape are expected to have been buried under
the smoothly sloping land surface. Densely-spaced scarp-foot gullying is thought to hold an
important place in the evolution of fringing pediments.
2) The Foot Plateau in the coastal zone is in closer relation with the Coastal Plain and
Continental Shelf than with the Nyika. Considerable part of the Foot Plateau is conceived to
be the highest marine terrace including parts of fluvial origin (the Marafa Surface), being
built by accumulation during a great transgression attained about 100 m above the present
sealevel in Late Pliocene or Early Pleistocene.
3) In the Coastal Plain three groups of marine terraces lying below the Marafa Surface are
distinguished. These are the Changamwe Terrace, the Mombasa Terraces consisting of the
Ganda, Kilifi and Malindi Terraces, and the Shelly Beach Terrace in descending order. The
former two groups were formed corresponding with respective transgressions in Middle and
Late Pleistocene, and the last, perhaps, in Holocene. Mode of transgression valid for
interpreting the origin of a wide fill-strath terrace is deduced from geomorphological and
stratigraphie evidences of the Mombasa Terraces. A schematic model on the formation of
coral reef is built based on an analysis of edge depth and width ratio of recent coral reef
along the eastern coast of the African Continent. The process of formation of thick reef
limestone and widely-developed coral reef in the low latitude may be elucidated from this
model.
4) There are sedentary-developed soils and redistributed deposits in the reddish soils in
the coastal zone. The formation of the former soils proceeded at least twice, in Late Pliocene
or Early Pleistocene on the accumulation surface of the fluvio-marine Marafa Beds and,
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perhaps, in Late Pleistocene on the valley-sides. One of the periods of redistribution of
pre-existing red-weathered materials by various terrestrial processes is about the Middle
Stone Age of Africa (Late Pleistocene).
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I. INTRODUCTION

The Tokyo Metropolitan University Regional Study Mission to East Africa, led by
Professor T. Yazawa. made field works chiefly in Kenya in 1964 and 1965. One of the
authors, H. Toya. took a part in this mission, and had a strong impression in varieties of
natural conditions from humid to semi-arid, and from tropical to glacial. East Africa, as well
as tropical Andes and its environs seem to be the most suitable regions to see such wide
ranges of natural environment horizontally and vertically in comparatively small area. The
present climatic outline of Kenya is shown in Fig 1, with isoplethes of 80% probability of
annual rainfall and annual potential evaporation (Penman E 0 ) , and clima-diagrams of
selected stations.
From the point of view, a climatic geomorphological research project was b o m . The
scheme of medium scale has been planned which contains three missions in six or seven
years. The first mission, chiefly supported by the Overseas Research Fund granted by the
Ministry of Education of Japan, and composed of H. Toya as a leader, H. Kadomura (inland
geomorphology), K. Nakamura (climatology), M. Nogami (alpine geomorphology), and N.
Hori (coastal geomorphology), was sent to Kenya from November 1969 to February 1970.
The reconnaissance surveys were carried out in Mombasa and its environs as a humid coastal
area, in Tsavo rolling Plain and Kapiti Plain as a semi-arid inland area, around Lake Magadi as
an arid area, and Mt. Kenya as an alpine area. The preliminary reports have been published
some in English (Kadomura, 1970; Hori, 1970) and some in Japanese.
As a result, the semi-arid and subhumid inland regions, which are most extensively
distributed in East Africa, and the subhumid and humid coastal regions along the Indian
Ocean were selected for the areas where intensive surveys have to be made. The second
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Fig. 1 Present climatic conditions of Kenya (after E. A. Met.
Dept., 1966; Woodhead, 1968).
mission, also supported by the Overseas Research Fund granted by the Ministry of
Education, and composed of Toya. Kadomura. Hori and T. Tamura (surficial geology), was
sent from July to October 1971. The field surveys were carried out chiefly in southeastern
Kenya, the area of which is shown in Fig. 2. This article is a report of this second mission,
and morphogenesis and evolution of landforms in inland plateau region (chiefly studied by
Kadomura), formation of so-called Foot Plateau (cheifly by Tamura), evolution of Coastal
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Fig. 2

Synoptic geomorphological map of southeastern
Height in metres.

Kenya.

Fig. 3

Schematic profile nearly along the parallel 3° 15 S and
physiographic division of southeastern Kenya.
1: Basement System, gneisses and schists, 2: do., crystalline
limestones, 3: Carboniferous-Permian, sandstones and shales,
4: Triassic, sandstones and shales, 5: do., siliceous sandstones, 6: Jurassic, shales, 7: Miocene, muddy and calcareous sediments, 8: Pliocene-Pleistocene, sandy sediments
and reef limestones, 9: Fault.

Plain (chiefly by Hori), and geomorphological significance of reddish soils overlying the land
surfaces in wide coastal zone (chiefly by Tamura) are described and discussed.
The third mission is not yet sent owing mainly financial lack, and the schedule is
somewhat delayed at present.
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II. REGOLITH AND MORPHOGENESIS IN THE INLAND PLATEAU
One of the authors, Kadomura (1970) reported the outline of geomorphology in the
Tsavo-Voi area, southeastern Kenya based on his preliminary investigation that was carried
out during the period of December, 1969 - J a n u a r y , 1970. The purpose of this chapter
includes complementary discussion to the previous paper and the presentation of findings
obtained by the field research in 1971. The relation of regolith to landforms, changes of land
surface caused by the present-day processes and evolution of pediment and plainland are the
main subjects described in this chapter.
1. Regional Setting
The inland region of southeastern Kenya is an extensive plateau gently sloping coastwards
with an elevation of 150 to 1,000 m and more (average slope: ca. 4/1,000). Most of the
plateau west of the longitude 39°E is underlain by the Precambrian Basement System rocks,
composed mainly of gneisses and schists, but the area east ofthat longitude is underlain by
the Duruma Sandstones ranging from Carboniferous to Triassic in age (Figs. 2 and 3).
Throughout the plateau climate is semi-arid with biannual rainy seasons (Fig. 1 ). Mean
annual rainfall in a greater part of the region is less than 500 mm, but it increases coastward
and toward the Taita Hills, Chyulu Range and Kilimanjaro, exceeding 1,000 mm. Vegetation
of the region is dry bushland and thicket composed mainly of Commiphora and Acacia
species (Trapnell and Langdale-Brown, 1969). Bushes are thorny and deciduous. The
undergrowth grasses are usually thin, and are composed of various annual species. During a
long spell of dry season foliages are almost dried up, exposing reddish brown sandy land
surface elsewhere. Tlüs character of vegetaion together with flat lying to gently rolling
topography emphasizes the monotonous, semi-arid landscape. This is the reason why the
plateau region behind the Coastal Range (Caswell, 1953) or Coastal Hinterland (Berry, 1969)
has long been called 'Nyika' since Gregory (1896) gave that name (see Table 2).
The plateau surface is an erosion surface that is believed to be bevelled during
mid-Pliocene (Caswell, 1953), i.e., end-Tertiary erosion surface, equivalent to Post-African
Surface (King 1962). In this region well defined sub-Miocene erosion surface, i.e., African
Surface (King, 1962), which is widely developed in central and northern parts of Kenya, is
found only beneath phonolite lava that makes up the Yatta Plateau. In the areas west of the
Mombasa Road and east of the Yatta Plateau, residual hill groups consisting of crystalline
rocks scatter over the plain level, the Taita, Sagala, Ngulia. Kasigau and Nyangala Hills being
noteworthy. Inselberg landscape appears in the areas adjacent to these hills (Fig. 2 and Photo
Fig. 4

General geomorphological map of the Voi-Kasigau area. Mapping of the areas noted
as 'without photo' is made based on geological maps (Walsh, 1960; Saggerson, 1962;
Sanders, 1963). Contours (in feet) are complied from 1:50,000 topographic maps.
1: Gneissic hills, 2: Gneissic inselbergs, bornhardts and whale-back ridges 3:
Limestone ridges and mounds, 4: Other low mounds, 5: Lava plateau and
escarpments, 6: Sand-covered pediments fringing gneissic residuals. 7: Sand-covered
pediment-like footslopes fringing limestone ridges, 8: Sand-covered flat to gently
sloping plain, 9: Dissected and stripped plain, dominant in convex slopes and rolling,
10: Floodplains. including 5m terraces fringed with natural levee along the Galana
River, 11: Slight depressions liable to flooding, including peri-pediment depressions,
12: Photographic lineaments indicating the regional structural trend of underlying
rocks, 13: Borehole sites. 14: Spreads of seismic exploration. X: Basement System,
Kt: Duruma Sandstones.
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1). Pedimented slopes are well-developed surrounding these hills and inselbergs. These
scattered residuals are concentrated in the zone of 60—80 km wide that holds the NNW
direction. This direction is parallel to the regional structural trend of the Basement System
rocks. The orientation of the Pare Mountains, situated south of the Kenya-Tanzania border,
and the Chyulu Range, composed of Quaternary volcanic rocks, is also parallel to this
direction. The areas close to the Chyulu Range and Kilimanjaro are covered with Quaternary
lavas.
In the eastern part of the plateau where bedrocks consist of the Duruma Sandstones, lulls
towering over the plain level are scarce, apart from the Lali, Mapotea and other hills which
are composed mainly of siliceous sandstones and conglomerates. Rock-controlled landforms
are rather distinct throughout the region. As mentioned in the previous report (Kadomura,
1970), the occurrence of inselbergs, bornhardts and rock ribs is basically controlled by the
structure and lithology of underlying rocks. Low, elongated ridges and mounds, that are
formed on crystalline limestones, provide another example of rock-controlled landforms in
this region. The magnesium-rich crystalline limestones in the Basement System are some of
the most resistant rocks under the semi-arid climatic conditions (Sanders, 1959; Saggerson,
1962). Limestones in this region tend to form low, domical ridges and mounds parallel to
the regional structural trend of the Basement System. The most prominent of these
landforms is the Mugeno Ridge, which is situated southeast of the Taita Hills, rising 300 m
above the plain level (Fig. 4). The extention of this ridge is traced to the south of the
Kenya-Tanzania border as low, parallel ridges tending to the SSE direction (Fig. 2). These
ridges are usually covered with greyish soils with a lot of kunkars, i.e., secondary limestones,
and carry dense thicket; both making marked contrast to the neighbouring gneissic plain
overlain by reddish sandy soils with a sparser woody vegetation. Isolated limestone ridges
and hills are also found in the dissected plain south of the Galana River, non-dissected plain
north of the Yatta Plateau and further east at Kulalu Hills (Figs. 3 and 4).

Fig. 5

Landscape of the northern part of the Voi-Kasigau area.
1: Bornhardts and whale-back ridges, 2: Limestone mounds.
3: Outer margin of pediments, 4: Lava plateau, 5: Main
rivers, 6: Main geological boundary.
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The plateau surfaces of East Africa have been more or less deformed due to crustal
movement that occurred at the times of Rift Valley faulting as well as block faulting in the
coastal region during Late Tertiary and Quaternary (Pulfery, 1960; Saggerson and Baker,
1965). However, in southeastern Kenya, especially in the area south of the Galana River,
end-Tertiary surface has been little affected by later faulting although it has been upwarped
slightly higher as compared with the neighbouring areas. Northward to the Tana River basin
most of the erosion surface is buried under Quaternary sediments as the result of
downwarping of that area (Saggerson and Baker, 1965). Although gently sloping plateau
surface is well-preserved in the area south of the Galana River, it has been dissected by
incised streams, resulting in rolling plains along the Galana River (Figs. 5 and 6) and in the
eastern margin of the plateau.
Within the areas of Southeastern Kenya Plateau field research by authors was
concentrated in the Voi-Kasigau area where various kinds of landforms associated with
inselberg and plain landscapes are typically developed. These conditions provide an
appropriate area for studying the processes of formation and destruction of plainland and
pediment. About the half of the area, however is occupied by the Tsavo National Park
where field research is prohibited except the limited sites. So that, the extensive field
research was made for the areas around the Taita, Sagala, Maras, and Kasigau Hills, and
remaining areas are studied mainly by aerial photo interpretation.
In order to make clear the landscape in this area a geomorphological map has been
compiled based on the field data and aerial photo interpretation (Fig. 4). The area noted in
this map as 'without photo' does not mean the area without aerial photo coverage by Survey
of Kenya, but means the area mapped without aerial photo. Three-dimensional features of

ARUBA DAM
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Fig. 6

South-north profile of the northern part of the Voi-Kasigau
area, drawn at an interval of 10 km from the long. ca.
38 20 E (top) to 39°E (bottom).
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the northern half of the area are illustrated by block diagram drawn from 1:50,000
topographic maps with contours at an interval of 50 feet (Fig. 5). For general characteristics
of the landforms in this area see the previous paper (Kadomura 1970).
2. Regolith and Landforms
1) Implication of Regolith in Landform Evolution
In the tropics under savanna climate Büdel (1957) proposed the theory of'doppelten
Einebnungsflächen (double surfaces of levelling)' as to the evolution of savanna landscape.
Later this theory was supported by Cotton (1961) who advocated 'the theory of savanna
planation'. Both authors pay a great attention to the role of deep weathering profile and the
shape of weathering front. In Uganda, Oilier (I960) emphasized the role of'differential
pre-weathering and subsequent exhumation of weathered mantle in the formation of
inselbergs, and opposed to King (1948) who described that the subaerial parallel retreat of
hill slopes resulting in pediments may be a proximate cause of the evolution of inselbergs.
Mabbutt (1961, 1965, 1967), Thomas (1966, 1967, 1969), Eden (1971), Overlander (1972)
and Jeje (1973) are the other main authors who also emphasize the implication of
pre-weathering profile in the landscape evolution under arid to semi-arid or subhumid
environment, though their viewpoints differ somewhat each other.
The term 'regolith' used here denotes superficial geologic materials that cover underlying
unweathered rocks. These include both in situ weathering products and sediments deposited
by various agents. In the geological maps of this area (Walsh, 1960; Saggerson, 1962; Sanders,
1963) a greater proportion of the plain surface, including pedimented slopes is geologically
classified as Quaternary red sandy soils overlying undifferentiated Basement System rocks.

Q

Fig. 7

R

S

G

Observed profiles in the plainland and pediment in the
vicinity of Voi. For location of P see Fig. 4, Q-S and G Fig.
11, and Aruba Lodge Plate 9.
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Columnar section of boreholes in the Voi-Kasigau area
(from records of the Water Development, Nairobi).

because of paucity of outcrops in the flat lying land surface. However, the relation of
regolith to landforms is considered to be important and is expected to provide useful keys
for the interpretation of landscape evolution in Southeastern Kenya Plateau from the viewpoint of morphogenesis.
For the area studied, some informations concerning regolith cover, but not so much, can
be obtained from borehole data (Fig. 8), available from the Water Development, the
Government of Kenya, as well as from the observation at gully walls, eroded river banks,
artificial cuttings and quarries (Fig. 7). Some other valid informations are derived from aerial
photo interpretation. In order to obtain additional informations on regolith the authors
carried out seismic exploration by using PS-5 Handy Seismograph equipped with six
channel-recorder, made by the Oyo Coporation, Tokyo. A hammer of twelve pounds was
used to generate artificial earth tremos; observation lines being spread mainly on elephant
trails. The subsurface structure that can be detected by tremos generated by a hammer shock
is generally limited to depth of about 10 m. Therefore, not so much informations on the
shape of weathering front were able to be obtained, because in many parts of the lines
-61

Table 1 Classification of regolith overlying gneissic rocks
by p-wave velocity.
Zone

P-Wave Velocity

Profile Characteristics

Under 500 m/sec

Sandy soils both of transported and in situ
weathering product.

II

1,000 - 1.500

Upper weathering zone; original texture still
preserved but easily crashed by hammer hit.

III

2,000 - 3,000

Lower weathering zone; original texture and
structure well-preserved but crashed into
blocks by strong hammer hit.

IV

Over 5,000

Unweathered fresh rocks.

I

observed weathering front lies to depth of more than 10 m. Based on the analysis of travel
time curves derived from forty spreads of observation, the regolith overlying gneissic rocks in
this area can be classified into three principal zones as shown in Table 1. Some examples of
travel time curves and inferred subsurface structures are shown in Figs. 9—12.
2) Spatial Pattern of Regolith Cover
Lineaments, except for elongated rock ridges, which are recognized on aerial photographs
are mapped on Fig. 4 using thin lines. These lineaments indicate the regional structural trend
of the underlying rocks. They orient mostly to the NNW to NW direction in the Basement
System rocks and to the N-S direction in the Duruma Sandstons. Sanders (1963) stated that
red sandy soils evenly mantle much of the Voi and South Yatta plains. However, the spatial
pattern of lineaments implies that the basal surface of superficial soils, which corresponds in
most cases to the surface of upper and /or lower weathering zones and partly to the
weathering front, is irregular rather than smooth, even under the uniformly sloping plain
surface.
(1) Non-Dissected Plain
In a greater proportion of the non-dissected plain the old erosion surface has not been
subjected to later erosion and gently sloping smooth surface with a slope of 3—6/1,000 is
still preserved, although localized micro-relief is found somewhere. The soils in the
well-drained part of the plain, i.e., flat to gently sloping surface of slightly convex in
plane profile, are dark red sandy clay loams (latosolic soils) that consist of dark reddish
brown (5YR 3/6) weak subangular blocky sandy clay loam (Scott, 1967). Saggerson (1962.
p.40) described the superficial deposits in the Kasigau-Kurase area as follows:
"Recent deposits in the area consist of red-brown sandy soils, which are a product of
weathering of the Basement System gneisses that form lulls
The deposits have formed either in situ (where weathering of underlying rocks is
taking place mainly by 'rotting') or by accumulation
Red soils seen
along the Nairobi-Mombasa Road are ferrallitic and consist largely of coarse quartz grains.
Lateritic ironstone, of which only a single occurrence was noted in the area mapped, is a
product of leaching of such soils under conditions of seasonal rainfall. None of the red soils

- 6 2 -

are considered to be great thickness and probably extend only few tens of feet in depth.
They contrast with the thicker deposits of the hill pediments where steep-sided stream
gullies expose coarse gravels and soils to depth of fifty feet".
According to these informations, most of the plain surfaces seem to be overlain by
reddish brown sandy soils with a thickness of 6 — 9 m, and lateritic ironstones are rarely
developed throughout the plain area, though ferriferous concretions are well-developed in
the soil profile elsewhere. Unfortunately, during the field work the authors were able to
observe the deep profile of reddish brown sandy soils at only one locality, on the wall of an
artifical ditch at the entrance of Aruba Lodge (Fig. 7 and Photo 9). Profile consists of loose,
friable reddish brown (2.5YR 5/6) loamy fine sands with some medium to coarse-grained
sands, associated with kunkar accumulation in the lower horizon, total thickness being to
over 2.2 m. A piece of fossilized crocodile's tooth, two fossil remains of Achanta africa and a
fragment of artifact of African Middle Stone Age were collected at the depth of 1.8-2.0 m
in this profile. Radiocarbon dating of two samples of Achanta africa is made, resulting in
9,130 ± 170 and 8,100 ± 150 years B.P.(GaK-4,227 and 4,228). Achanta africa is usually
living within the depth of some 50 cm. Viewing from his living form, it is natural to consider
that these fossils and artifact have been buried by the subsequent sediments after
transported for some distance. From this interpretation, the uppermost part of reddish
brown sandy soils, widely distributed on the plain surface, are no doubt sedimentary origin.
For this problem the discussion will be made later.
In the plainland between the Sagala Hills and the Maras Hill seismic exploration was made
along the line parallel to the Mombasa Road (Figs. 9 and 10). In the Spread A the depth of
reddish sandy soils, having a p-wave velocity of 300 — 400 m/sec, is inferred to be 4 — 6 m

l
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(b)
Fig. 9

Landforms(a) and seismic profile(b) in the plainland
southeast of Voi (A-B in Fig. 4). Detailed explanation of
seismic profile at Spreads A and B is in Fig. 10.
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Fig. 10 Travel time curves and seismic profiles in the plainland
southeast of Voi.
I: Reddish brown sandy soils, alluvial to colluvial deposits,
I': Reddish brown sandy soils with detritus of gneissic rocks,
probably an in situ weathering product, II: Upper weathering zone, III: Lower weathering zone, IV: Unweathered
gneissic rocks.
and this soil layer is underlain by the upper weathering zone, the surface of which is
somewhat irregular. In contrast to Spread A, in Spread B the top layer has higher p-wave
velocity (600 - 800 m/sec) and is composed of reddish brown sands rich in detritus of
weathered gneissic rocks in its lower part. This inferred profile suggests that loosely
accumulated sandy soils overlying the plain surface have almost been stripped at the
shoulder of the slight depression; as a result in situ weathering product has come out t o the
surface due to lowering of land surface.
There are many belts of slight depression tending mostly to the east with a width
ranging from a few tens of metres to 5 km, most of which originate from inter-pediment or
peri-pediment depressions. On these depressions reddish sandy soils are lack and in turn
greyish to blackish soils, including Black Cotton Soils, are developed. Grasses are dominant
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and woody vegetation is sparse on these depressions. These characteristics both in soils and
vegetation indicate that although the depth from the adjacent plain surface is not more than
1 m, in the rainy seasons occasional flooding has occurred repeatedly in these depressions.
Gravels scatter on the surface, for example near the Spread B, a lot of angular quartz gravels
with an average diameter of 2—3 cm (maximum diameter over 15 cm) is found. Kunkar
limestones are also found to have accumulated elsewhere on the surface. At the Spread B the
total thickness of soils that fill the depression is inferred to be 3—3.5 m. According to
borehole data, the depth of sandy alluvium overlying the weathered bedrocks beneath the
depressions is 2.4 m at Site 5, 5 km southeast of Ndara Station and 4.8 m at Site 10, some
10 km northeast of Pika-Pika (Fig. 8). From these informations, it is considered that shallow
valleys have been buried by veneer alluvium.
Well-defined strips of floodplain are developed along the Voi and Mwatate Rivers which
rise to the Taita Hills where permanent streams originate. These floodplains are in many
places separated from neighbouring plain surfaces or pedimented slopes by a scarp of 2—3 m
in height and in turn surface of themselves has been incised by the present river bed to depth
of 2—5 m. However, both floodplains and river courses become obscure further downstream,
for instance the Voi disappears some 20 km downstream from the area mapped. In contrast
to the slight depressions, alluvial deposits are more thickly bedded in these floodplains. As
inferred from borehole data (Fig. 8), the thickness of alluvial deposits exceeds 20 m at some
borehole sites, estimating the maximum depth of over 30 m at Aruba Lodge (Site 4). The
upper part of the deposits that can be observed at river banks usually consists of grey to grey
brown sandy soils. For example at the bridge of New Mombasa Road, where the Voi incises
the floodplain to depth of 4 m, alluvial deposits are composed of dark grey to grey brown
mica-rich silty sands. These sandy deposits are underlain by gravels as in the case of borehole
at Site 2 (Fig. 8, also see Fig. 11).
In the piedmont zone at the north foot of the Taita Hills, alluvial fans are developed
along the upper reaches of the Mbololo, but subsequent floodplain does not extend beyond
the Mombasa Road (Fig. 4). Downstream from the Mombasa Road the Mbololo has incised
directly into the reddish sandy soils which overlie the plain surface, forming a steep-sided
valley with a depth of 3—4 m. As illustrated in Fig. 12, fill-and-cut of alluvial deposits has
repeated in recent times. Such an alternation of fill and cut is also observed along the other
rivers.
(2) Pediments
In the area of non-dissected plain smoothly curved pedimented slopes of slightly
concave-upward in long-pro file, with an avarage slope of 1 to 6°, are well-developed at the
foot both of high hill masses and outlying inselbergs (Fig. 4, Photos 1 and 2). The pediments
in this area are also overlain by reddish brown sandy soils. Accordingly, these pediments can
be called 'sand covered pediments'. In the Kasigau-Kurase area, as quoted above, Saggerson
(1962) described that coarse gravels and soils to depth of fifty feet (ca. 15 m) are found to
have been deposited on hill pediments. However, because of paucity of useful outcrops
subsurface structure of pediments is hardly to be known. A single exception is Site P(Fig. 4)
where the Taveta Road cuts through the lower part of the Mtungi Pediment.
Only two borehole data are available for pedimented slopes: Site 1 at the lower end of
the pediment of the east foot of the Taita Hills and Site 9 at the mid-pediment of the
Rukinga Hill. As cited in the previous paper (Kadomura, 1970), the former data show that
the unweathered gneiss is overlain by sand (3 m thick), murram, i.e., ferriferous concretions
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(5.7 m thick) and decomposed gneiss (5.4 m thick) with a total thickness of 14.1 m. At Site
9 on the Rukinga Pediment unweathered biotite gneiss is overlain by pink coarse quartz
fragments with a thickness of 7.5 m.
Seismic exploration was made on such easily accessible pediments as the Maras, Voi and
unnamed hill north of Ndi Station (D of Fig. 4). The last hill hereafter is called the Ndi
Hill.
Mtungi Pediment
Along the Taveta Road passing through the southern periphery of the Taita Hills several
outlying inselbergs are located. Although fringing pediments are found at the foot of the
Sembi, Zongoloni and Mtungi. piedmont angle is not so sharp as in the plainland areas.
Moreover, most of pedimented slopes of these inselbergs have been slightly modified by later
denudation, showing the long-profile of slightly convex-upward in their lower segments.
Among these pediments subsurface structure of the Mtungi Pediment could be observed
along the cutting of the New Taveta Road.
As shown in Fig. 7, pediment deposits overlie densely-jointed, partially weathered gneissic
rock with a total thickness of 2.5-3.0 m. The surface of this weathered rock, which may
correspond to the lower weathering zone, is weakly undulating. Weathering front is not seen
in this outcrop. The upper sandy deposits consist of reddish brown (2.5YR4/8) loamy fine
sands with a lot of coarse quartz sands and ferriferous concretions. Lower gravelly deposits

Fig. 11 Seismic profile of the south-facing slopes of the Voi
Pediment. Alluvial structure of the Voi River is drawn by
using borehole data at Site 2. For symbols of seismic profile
see Fig. 10.
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are composed of angular quartz gravels with an average diameter of 0.5 —1 cm (maximum
diameter 5 cm) and murram. The thickness of gravelly deposits is thin and does not exceed
2 m throughout the cutting of more than 100 m long. The lower part of gravelly deposits
would be expected to be an in situ weathering product, but it is difficult to distinguish their
origin.
Voi Pediment
Seven sets of seismic observation were made on the south-facing slopes of the pediment
of the Voi hill group (Fig. 11). The long-profile along the observation line is slightly
concave-upward, having an average slope of 3°30'. Slope break between backing hillslopes,
which almost avoid soil mantle, and pediment is distinct. Although boulders derived from
exfoliation of backing hillslopes consisting of hornblende biotite gneiss scatter at the
piedmont zone, this zone is only 50 m long. Exfoliation or sheeting of bare rocks parallel to
ground surface of hillslopes is dominant, parting blocks. However, further downslope both
size and amount of debris decrease rapidly. At Spread 1, 250 m down from piedmont angle,
the maximum diameter of scattered gravels is 15 cm. The principal superficial materials
throughout the pedimented slopes are reddish brown (2.5 YR 4/6) sandy soils. In dry
seasons both grasses and bushes are completely withered, and soils are exposed in the
majority of land surface, forming thin but relatively hard surface crust elsewhere between
tufts (Photo 3). This crust, dark reddish brown (2.5 YR 4/4) in colour, although a few
centimertres in thickness, makes difficulty to drive a pickup of take-out cable of the
seismograph into the ground by hand. This kind of slightly hardened ferriferous crust is also
found elsewhere in the plainland.
Subsurface structure as inferred from the analysis of travel time curves is illustrated in
Fig. 11. Though a continuous observation line that covers the whole long-profile could not
be spread, some features of weathering profile may be informed from this seismic profile.
Zone I, having a p-wave velocity of 300-400 m/sec, consists of reddish brown silty to loamy
fine sands with kunkar fragments and ferriferous concretions as confirmed at gully walls (see
Fig. 7). The depth of this layer is ranging from 4 to 6 m. At the Maras Pediment the depth of
this layer is inferred to be 2.3 to 7.5 m (Fig. 9). Most part of Zone I seems to be composed of
colluvial to alluvial sediments. Residual soils derived from in situ weathering, even if exist,
may be limited in the lower part of this zone. Within this zone coarse gravels are rare, and
soils are loose and friable, except the surface crust mentioned above.
Zone II, having a p-wave velocity of 1,000—1,500 m/sec. corresponds to upper
weathering zone in which the parent rocks are strongly weathered but still preserve their
original textures. The boundary between Zones I and II is relatively smooth, being almost
parallel to the land surface. But, Zone II is underlain by Zone III or fresh rocks having an
irregular surface. P-wave velocity of 2,000-3,000 m/sec indicates the existence of lower
weathering zone, i.e., Zone III. In this zone both original structure and texture of underlying
bedrocks are well-preserved but rotted rocks are crashed into blocks by a strong hammer hit.
P-wave velocity of this zone was calibrated at a quarry near the south bank of the Voi River
where weakly weathered hornblende biotite gneiss was exposed, resulting in 3,200 m/sec.
P-wave velocity of more titan 5,000 m/sec corresponds to unweathered fresh gneissic
rocks, surface of which is weathering front. Weathering front was explored at only Spreads 1
and 5. This indicates that weathering front is irregular along the long-profile of pediment and
mostly lies to depth of over 10 m. This feature is also recognized in many pediments
observed, for instance at the pediment of the Komo Rock towering over the lava-capped
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Fig. 12 Seismic profile of the south-facing slopes of the Ndi
Pediment. For symbols see Fig. 10.

Fig. 13 Schematic profile of stripped pediment(a) and partially
stripped plain(b) in the vicinity of Tsavo.
sub-Miocene surface at 50 km east of Nairobi. Although no cross sectional investigation was
made, weathering front seems to be irregular not only in long-profile but also in cross
sectional profile.
Ndi Pediment
The Ndi Hill is a small rocky inselberg having a relative relief of 150 m and is situated
near by the Mombasa Road (D in Fig. 4). Seismic profile of the south-facing slopes of the
pediment of this residual liill is shown in Fig. 12. In this profile Zone 1 having a p-wave
velocity of less than 500 m/sec is very thin and is underlain by the second layer of Zone I',
possibly consisting of residual soils derived from in situ weathering. This second layer
outcrops on the steep-sided valley wall of the Mbololo River and is composed of slightly
consolidated dark reddish brown soils with a lot of kunkar fragments. On the river bed, some
4 m lower than the pedimented slopes, densely-jointed, partially weathered gneissic rocks are
found beneath a veneer of recent alluvial deposits. This weathered rock may correspond to
Zone III which is overlain by Zone I'. Zone I consisting of colluvial to alluvial sediments is
also thin at the northeastern foot of this residual; upper weathering zone. Zone II appears
near the surface.
This small pediment, situated close to the incised stream, nevertheless undissected. has
been modified by later erosion that has caused the stripping of loosely-bedded superficial
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sandy soils. If the stripping of sandy mantle due to wash and creeping is promoted by stream
incision, in situ weathered zone may appear on the surface, producing gravel sheets. Good
examples of this type of stripped pediments are numerous in the dissected plain along the
Tsavo River (Fig. 13a). Some of gravel sheets overlying the stripped pediments seem tobe
transported from backing inselbergs and bornhardts, but most of them are derived from in
situ weathering of underlying rocks. Gravel sheets are also found in the rolling plain south of
the Galana River where no inselbergs and rock domes are seen. In this area gravels covering
the undulating slopes are usually derived from underlying rocks.
In the partially stripped plain between Tsavo and Mtito Andei, i.e., the 'Mtito Andei
Plain' (Kadomura, 1970) in which sand-covered, flat lying plain surface has been dissected
roughly by steep-walled valleys, superficial soils are completely stripped at the shoulder of
valleys, in turn scattered gravels being found among greyish soils (Fig. 13b). Most of incised
streams in this area undercut the basal surface of weathering or lower weathering zone.
Pediments at the Foot of Higher Hills
Superficial deposits of pediments fringing such higher lulls as the Taita, Sagala and
Kasigau also consist of reddish sandy soils. But, these soils are more graveliferous on the
upper facet and gravel sheets are often found at gully walls. For instance, at a gully on the
north foot of the Sagala Hills (Site Q in Fig. 11), there are two sets of gravel sheets of 30
to 50 cm thick, at depth of 1.5 m and 3 m (Fig. 7). It is unknown whether these gravels
interbedded in sandy deposits are widely spread in the mid to lower facet of pedimented
slopes or not. As long as based on the informations obtained from the observation at some
gully walls, it is inferred that gravel sheets do not extend throughout the gully walls with a
length of several tens of metres. As in case of Site S, weakly weathered gneisses are exposed
on gully walls somewhere. On the surface of lower facet of pedimented slopes coarse gravels
are rarely seen.
In contrast to the piedmont zone of isolated inselbergs, debris talus and colluvial cones
are well-developed at the scarp-foot zone of these higher hills. However, within this zone,
exfoliated bare rock surface is often found, indicating the irregularity of weathering front in
the scarp-foot zone.
(3) Dissected Plain
In the northern part of the area mapped in Fig. 4 the end-Tertiary surface has been
dissected by the incised tributaries of the Galana River, resulting in the rolling plain
characterized by the distribution of linear outcrop landforms (Photo 4). This dissected plain
was named the 'Tsavo Plain' (Kadomura, 1970), and the nature of landforms in this plain
was already mentioned. It is, therefore, enough to complement below.
Most of pediments have been deformed due to later dissection and stripping of soil
mantle by slopewash and creeping to form irregular slopes of slightly convex-upward in
long-profile, as evidenced in the northwestern corner of the area mapped. The convexity in
long-profile of the stripped pediments is due mainly to semi-spherical sheeting of exposed
gneissic rocks (Fig. 13a). This feature can be compared to rock fans reported by Ruxton and
Berry (1961) from East-Central Sudan. In the area south and west of Lugard's Falls narrow
bands of granitoid gneiss, the most resistant rock in the Basement System rocks, form
scattered low rock ridges topped by kopjes and jointed blocks, the summit of which lies
below the end-Tertiary surface. These features suggest that this type of rock ridges has
possibly been originated from the exhumation of differentially weathered profile under the
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end-Tertiary surface. Low domical rises of crystalline limestones are concentrated in the
eastern half of the area, and elongate to the NNW direction across the rivers, further
extending to the non-dissected plain. On aerial photographs they appear as greyish tone with
a sparser woody vegetation.
In the northeastern corner of the area mapped in Fig. 4, where rolling plain is underlain
by the Duruma Sandstones, outcrop landforms are rare, except Sobo Rock and its
neighbouring tors consisting of conglomeratic grit (Sanders, 1963). This part of the area is
characterized by structurally controlled micro-landforms. Densely-spaced narrow sloughs or
ravines parallel to the structural trend that reflect the alternation of thinly-bedded
sandstones and shales are clearly seen on aerial photographs. Together, all of these
characteristics and the N-S trending rock-controlled landforms demonstrate the marked
individuality of landscape to the gneissic terrain.
Along the both banks of the Galana River there hes a strip of terrace with a height of
about 5 m from the present river bed (Figs. 4 and 6). This low terrace has been inundated
repeatedly at the occasion of over-bank flood and is fringed with natural levee. The
extention of this terrace can be traced downstream to the coastal region (see Chapter III).
The Galana River has deeply undercut unweathered rocks, forming falls and rapids
elsewhere. In the area mapped the present river bed of the Galana is 90—120 m lower than
the neighbouring non-dissected end-Tertiary surface (Fig. 6).
3) Shape of Weathering Front
As understood from the above description, informations concerning the shape of
weathering front beneath the plainland are very limited. However, some considerations may
be given from those informations. Borehole data (Fig. 8) show that weathering front is
usually deeper along the larger rivers such as the Voi and Mwatate. Its depth exceeds 45 m at
Aruba Lodge on the Voi. At the inter-pediment depression between the Sagala Hills and the
Voi hill group the maximum depth of weathering front reaches 24 m below the floodplain at
Site 2. As illustrated in Fig. 10, the Voi lias localized its course at the most deeply weathered
part. On the Mwatate it reaches 33 m at Site 8. In contrast, in the pedimented slopes it rarely
exceeds 20 m, though exceeding 10 m in many parts.
In the areas of flat to gently sloping plain weathering front is 24-25 m deep at south of
Aruba Dam. Seismic profile shown in Fig. 9 suggests that weathering front is generally deeper
than 10 m and has an irregular relief. Nevertheless only one occurrence, a domical rise of
weathering front is clearly recognized at Spread B. The most valuable key for interpreting
the shape of weathering front may be the microgeomorphological features in the dissected
and stripped plain. As stated earlier, narrow rock ridges and bornhardt domes composed
mainly of harder rocks are numerous in this part of the plainland and are parallel to the
regional structural trend of the Basement System. These patterns of outcrop landforms are
nothing but an explicit representation of the shape of weathering front under the
end-Tertiary surface. Apart from inselbergs having a summit lügher than the end-Tertiary
surface, most of these rocky rises can be defined as a product of simple exhumation from
the differentially weathered profile. From this point of view, domical rises in the weathering
front beneath the present land surface should be defined as the embryos of rock ridges or
bornhardts.
The rises in the weathering front under the present land surface may be inferred such that
their occurrence is also controlled by the structure and lithology of underlying rocks as seen
in the dissected and stripped part of the plainland. But, strong irregularity in the shape of
-70-

weathering front seems to be limited in such areas where densely-spaced photographic
lineaments are seen. On the contrary, under the remaining areas weathering front may be
rather smoothly undulating. It is considered that the areas, where densely-spaced lineaments
are seen on flat lying part of the plainland, indicate the location of former inselbergs and
hills which stood before the completion of end-Tertiary planation. These marks of extinct
residuals recognized on a flat lying erosion surface can be evaluated as the preliminary for
subsequent evolution of inselberg landscape. From this, multicyclic evolution of inselberg
landscape accompanying the formation of cyclic denudation surfaces in a semi-arid region
may be expected.
3. Recent Changes of Land Surface
1 ) General Occurrence
The land surface of the non-dissected part of the plainland may be defined as a remnant
of an old erosion surface in a broad sense, and in fact no remarkable changes have caused in
most part of it since the the times of end-Tertiary planation. However, even after the
completion of planation, minor changes in landforms have continued slowly due to various
morphogenetic processes. Such processes are still operating elsewhere in the present-day. In
order to make clear the spatial pattern of the present-day processes a morphodynamic map
(Fig. 14) is compiled with an aid of aerial photo interpretation. As seen on this map, differnt
kind of processes is operating on different landforms with a different magnitude.
In general, gullying and sheetwash are believed to be the most important processes for
modifying the land surfaces in semi-arid regions. This is also true in this area studied, and the
most marked changes of landforms have caused by these processes. But. in the present-day,
these processes do not occur evenly throughout the plainland. Flat to gently sloping plain
surface has never been subjected to both strong gullying and sheet erosion. On the contrary,
the scarp-foot zones of pedimented slopes, especially those of higher hill masses such as the
Taita, Sagala and Kasigau Hills, are subjected to strong gullying associated with sheet
erosion, slopewash and creeping. Apart from the changes along the incised streams, the most
pronounced landform changes have occurred in these scarp-foot zones backed by an
escarpment of more than 500 m high.
Even in these hill masses, except for the Taita Hills, streams debouching from hills are
scarce because hillslopes are dominantly controlled by the smoothly curved spherical
exfoliation planes with a steep dip and the development of ravines is disturbed by this
condition. Therefore, the dissection of fringing pediments by hill-debouching streams is not
pronounced. Most of streams debouching from hills flow along the structural trend, as
evidenced in the Taita Hills. In contrast, densely-spaced, deeply-incised gullies originate at
the scarp-foot zones. Captures between adjoining gullies have caused frequently, inducing
spoon-shaped, locally depressed areas. Such areas usually avoid vegetation and crest surfaces
between gullies are subjected to slopewash and creeping, both contributing to the lowering
of footslopes. It seems probable that the coalescing of this type of eroded hollows resulting
from densely-spaced gullying can contribute to the general downwearing of the scarp-foot
zone. In this area no marked marginal depressions (Pugh. 1956) or linear depressions
(Clayton, 1960) are found, but the above-mentioned densely-spaced, deeply-incised gullying
resulting in the downwearing of the scarp-foot zone must have contributed to the
maintenance of piedmont angle (Kadomura, 1970).
In spite of the vigorous gullying at the scarp-foot zone, downslope movement of boulders
and coarse debris accumulated at this zone is not pronounced, even at the foot of higher
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escarpment. This is due mainly to the scarcity of rainfall and runoff. Rapid movement of
coarse debris in a form of rocky mudflow, which has often experienced in the granitic
mountains in a humid region as in Japan, rarely occurs in this semi-arid region. This is a
reason why a widespread of pediment gravels is not found in this region. Although gullies
have reached scree or cones, only some of boulders and coarse gravels fall over gully walls
and are transported for a short distance by concentrated flow. Most of coarse debris have
rest in the scarp-foot zone and are subjected to disintegration in situ, producing finer
materials (Photo 5). As long as observed on the present land surface, coarse debris with a
diameter of more than 20 cm have rarely extended to over 2,000 m from the piedmont
angle. If a large gravel would be observed beyond this zone, it may be an in situ weathering
product from underlying rocks.
On the non-dissected part of the scarp-foot zone, reddish brown sandy soils are overlain
by recently removed dark grey to brown soils. These slightly humified soils have been
transported from backing hillslopes by slopewash and creeping. But the distribution of such
soils is limited to the cone areas having a slope of 8—10°, and further downslope they have
mingled with reddish brown soils and disappear. In contrast, a large volume of reddish
sandy soils has been eroded by gullying and has been transported to the lower facet of
pedimented slopes by sheetwash and partially concentrated flow (Photos 6 and 7). Although
most of gullies end at the upper facet of pedimented slopes, numerous marks of recent wash
of sands with a width of tens to hundreds of metres are found on mid to lower pediment.
Some of them can be traced to the peri-pediment depressions and further to the flat lying
plain surface. On the pediments fringing the east-facing escarpment of the Taita and Sagala
Hills, strips of recently moved sandy streams can be clearly recognized on aerial
photographs, particularly at downstream areas of the hill-debouching rills (Photo 8). In the
field recently removed materials are characterized by a veneer accumulation of water-cleaned, coarse-grained quartz sands of orange in colour. These characteristics can be used for a
valid key for defining recent changes of land surface which is covered with reddish brown
sandy soils.
Strong gullying associated with spoon-shaped erosion hollows also occurs on the
pediments fringing domical inselbergs with a lower relief, as evidenced on the Voi, Irima,
Manga and other pediments (Fig. 14). Fig. 15 shows recent changes of land surface on the
pedimented slopes of the Voi hill group. As seen on this map, sand-covered, smoothly
pedimented slopes have been modified by actual gullying. There are two types of
gully: the first originates from piedmont zone and the second from the upper part of
mid-pediment. No distinct rills debouching from hillslopes are seen. In contrast to the
scarp-foot zone of higher hills, the former is rare and has not caused remarkable changes.
Fig. 14 Morphodynamic map of the Voi-Kasigau area. Height in feet. Mapping of the areas
noted as 'without photo' is made based on geological maps (Walsh, 1960; Saggerson,
1962; Sanders, 1963).
1: Strong gullying accelerating slopewash and creeping, 2: Densely-spaced gullying,
3: Transportation and veneer accumulation of sandy soils by wash and partially
concentrated flow, 4: Dissected and stripped plain-Stream incision, gullying,
slopewash and creeping, 5: Gullying, 6: Stripping of upper or lower weathering zone
by wash and creeping, 7: Sand-covered pediments-Weak wash and deflation, 8:
Sand-covered flat to gently sloping plain-Weak wash and deflation, 9: Floodplains-Fill-and-cut due to occasional flooding, 10: Slight de pression-Short distance
replacement of superficial materials due to sheetflood-like flow caused by occasional
heavy showers. For other symbols of landforms see Fig. 4.
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Fig. 15 Recent changes on the Voi Pediment. Height in feet.
1: Inselbergs and whale-back ridges subjected to sheeting
and parting of bedrocks, 2: Pediments subjected to weak
wash and deflation, 3: Active gullying accelerating slopewash and creeping. 4 : Dormant gullying, 5: Gullying, 6:
Veneer deposition of sandy soils by wash and partially
concentrated flow, 7: Occasional flooding on slight depressions, 8: Gently sloping plain, 9: Floodplain with incised
channel, G: Location of observed profile shown in Fig. 7.
though its depth sometimes reaches 10 m. On the other hand, the latter gullies accompany
the spoon-shaped hollows, most of which avoid vegetation cover, and undercut the pediment
surface to depth of 5 m at their maximum incision.
For example, near the Voi Gate of Tsavo National Park East (G in Fig. 15), there is a
gully system with dendritic tributaries, the maximum depth and width being 5 m and 15 m
respectively. The bottom of the master gully nearly reaches the base of reddish brown sandy
soils and bed materials are composed of clean coarse-grained sands and fine gravels.
Kadomura (1970) presumed that the bottom of gullies may be controlled by the hard
lateritic soils, but there is no occurrence of such soils. The lower end of master gully
becomes obscure and is followed by a fan-shaped or tongue-shaped veneer accumulation of
sandy soils. Apart from the areas subjected to strong gullying and its associated slight
depressions and accumulations, the remaining slopes have been little affected by the
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Fig. 16 Diagrammatic representation of the evolution of plain
landscape and the spatial pattern of the present-day processes in the Voi-Kasigau area under semi-arid tropical
environment.
present-day processes. By using the above-mentioned criterion, marks of surface wash are
recognized elsewhere on the pediments (Photo 3). However, they are to be found usually at
a relatively lower elevation and do not extend a few tens of metres. This implies that a large
scale sheetflood with a depth of several tens of centimetres has rarely occurred on the
pediments having a slightly convex plane-profile which facilitates the diffusion of overland
flow. Washout pattern which is observed on the bare ground between the tufts must be the
marks of rainsplash or wash. Rahn (1967), who observed storm runoff in the southeast of
Arizona, the United States, concluded that sheetflood has rarely occurred on the pediments.
The spatial pattern of the present-day processes acting upon the plainland of the
Voi-Kasigau area can be summarized as shown in Fig. 16. Although subaerial processes are
most inactive on the flat to gently sloping plain surface, deep chemical weathering has been
progressing beneath this surface under seasonally alternating wet and dry climate. Within the
plainland, deeply penetrated weathering of underlying rocks probably occurs beneath the
floodplains, peri-pediment depressions and slight depressions because much moisture has
retained in regolith due to repeated flooding and stagnation. Some of boreholes used in this
area yield groundwater retained in the fissure of unweathered gneisses to depth of
50—100 m and more. From this fact, it is expected that chemical weathering has been
penetrating to such deeper part along joints.
The occurrence of sheetflood is generally restricted to the areas of slight depression. It
may reach 5 km wide at an occasion of extraordinary long-continued rains. The length of a
single flood is not known from Fig. 14, but it seems to be not extending several tens of
kilometres. In the plainland covered with reddish sandy soils the most prominent changes
have caused by termites who remove a large volume of subsurface soils elsewhere and
numerous termite mounds of 2—3 m high are formed on the plainland. Although the area
which has been modified by the construction of a single termite mound is restricted to an
area of 3—5 m in diameter, it is usually bare and is subjected to rainwash and creeping. In
the plainland under wet-dry tropical climate the role of termite as a morphogenetic process
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must not be underestimated as claimed, for instance, by Tricart ( 1972. p. 189-193).
During a long spell of dry season, dust storms often occur. Small scale whirlwinds
sometimes occur. Although the effect upon the land surface is small, these wind actions
contribute to the removal of finer materials. The contribution of deflation to smoothing of
land surface is thought to be not negligible at the occasion of long, severe dry seasons, when
the majority of land surface is exposed to the air.
2) Anthropogenic Erosion
As previously reported (Toya, 1966; Kadomura, 1970), various kinds of man-induced
erosion due both to his direct and indirect activities are found elsewhere in Kenya. In the
plainland of this area, including pedimented slopes, large scale grazing is not found, and
accelerated erosion due to overgrazing is not so important except the limited occurrence on
some pediments. Accelerated erosion due to cultivation is found elsewhere, particularly in
the sisal estates. On the pediments fringing the Voi. Zongoloni and Sembi Hills estates reach
the piedmont zone where slope exceeds about 10°. Soil erosion in.forms of sheet erosion
and gullying is apt to occur on these estates, above all along the agricultural roads parallel to
streamline. As the results, munerous gullies leading to severe sheet erosion have been formed
on these pediments.
Apart from man's direct impact, landscape changes caused by bush elephant are serious in
the plainland. especially in the area of Tsavo National Park. In many areas of National Park
and Game Reserve as well as their environs in East Africa, the landscape has rapidly been
changing through the destruction of vegetation, particularly woody vegetation by overpopulated elephants in those areas (Laws, 1970). The area of Tsavo National Park, in which the
area studied is embraced, is a typical example of such problem.
Laws (1970) stated as follows: "It is disputed that the Tsavo ecological unit is undergoing
a progressive cycle of change from bush to grassland. Up to 16 years ago the vegetation was
almost entirely dry Commiphora-Acacia bush, but under the influence of elephant and fire
the bush has been thinned or destroyed over large areas, particularly in the vicinity of rivers
and artificial dams, where it has been replaced by grassland" (p. 12). As to the causes of
problem, he described: 'The situations which have led to the development of the problems
are essentially man-made, whether by his alienation of land, control shooting measures, rapid
elimination of poaching without substituting rational cropping, direct change of habitat by
forest management, or indirectly by burning. Even the creation of National Parks has led to
artificial concentration of elephants within their sanctuary" (p.14).
The effect of overpopulated elephants on geomorphic processes may by classified into
two categories: through the thinning or destruction of vegetation and the making of
densely-spaced trails. With the latter, trails are numerous, particularly in the vicinity of
permanent rivers such as the Galana and Tsavo, artificial dams and waterholes. Densely-spaced trails radiating from dams and waterholes can be observed on aerial photograps on a
scale of 1:50,000 (Photo 9). Trails are also seen on the pediment of the Voi hill group
outside of the Park. These trails, bare and slightly depressed, contribute to the concentration
of overland flow and have led to soil erosion. Most of gullies found on the pediment of the
Voi hill group are traversed by elephant trails; gullying and sheetwash are accelerated by
these trails. The embryo of a gully following a trail is found elsewhere on pedimented slopes
(Photos 10 and 11).
If vegetation in this area has been successively replaced by sparser grasses due to the
agents of elephants, as suggested by Laws (1970), wash and deflation would be expected to
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operate more strongly than the present, causing rapid changes of land surface, especially of
pedimented slopes and undulating slopes in the dissected plain. This will be a natural result
of the destruction of bio-geomorphological equilibrium in the semi-arid landscape. It must
be noted that such changes are indirect man-induced denudation.
4. Some Considerations on the Evolution of Plain Landscape
As seen in Fig. 3, the inland plateau of southeastern Kenya appears to be a vast pediplain.
This schematic profile shows that the plateau has seemingly been formed by parallel retreat
of the Taita Hills and their neighbouring residuals as well as by pedimentation. However, this
interpretation is too simple to explain the evolution of a vast plainland in this plateau.
Although the term pediplanation is defined as 'the standard mode of cyclic evolution by
scarp retreat and pedimentation' (King. 1968, p.818), this plateau has never been formed by
a single pedimentation. It should be noted that the latest pedimentation has occurred in a
limited area surrounding hills and inselbergs. The maximum length of the present pediments
relates to the height of backing hillslopes and does not extend to over 10 km, as measured
from Fig. 4. In contrast, much of the plainland has never been subjected to recent
pedimentation. Consequently, it is unnatural to consider that the vast plainland of this area
is a product of coalescing pediments.
There is no doubt that the vast, gently sloping plainland is a product of various
morphogenetic processes acting upon the land surface during the period of several millions of
years. Viewing from the spatial pattern of the present-day processes, though their roles in
the landscape evolution would have changed alternately relating to the climatic changes, the
composite work of these processes during Late Tertiary and Quaternary seems to contribute
to the evolution of plain landscape.
In the earlier stage of evolution the dissection of sub-Miocene and older surfaces, and the
stripping of regolith covering such land surfaces must had played an important role. The
rejuvenation of streams was induced by the upwarping associated with the formation of
Eastern Rift Valley. This event occurred after the extrusion of phonolite lava overlying the
Yatta Plateau, at about 13.2 millions years B. P., Upper Miocene age (Evernden and Curtis,
1965). In the subsequent stage, under stable conditions, vigorous incision came to an end.
Under such environment pedimentation dominated and undulating land surface was covered
with sandy alluvium. In the latest stage erosion and deposition of sandy soils by shifting
sheetflood-like flows must have contributed to the smoothing of plain surface. In addition to
these, in a prolonged dry seasons deflation seems to have played important role for the
smoothing. According to Caswell (1953), bevelled surface was formed during mid-Pliocene.
During Latest Tertiary and Early Quaternary upwarping of inland plateau occurred again
and the dissection of plainland by rejuvenated streams initiated, too. This latest denudation
cycle has resulted in the dissected and rolling plain along the Galana River and of the coastal
region. In the present-day, on the one hand the weathered and sand-covered old planation
surface remains undissected on a vast interfluve between the larger streams originated from
the higher hills receiving much rainfall, and on the other hand it has been destroyed by
stream incision leading to the stripping of regolith cover. Further, although the changes are
slow, sculpturing of piedmont zones of higher hills has been undergoing by gullying and the
superficial materials on pedimented slopes have been replaced by wash, creeping and
deflation. On the backing hillslopes sheeting has continued, and parted blocks have
occasionally falen to form scree due to periodic heavy showers. In the flat to gently sloping
plain the most maked replacement of superficial materials has caused along the strips of
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floodplain and slight depression due to occasional flooding. The plain surface overlain by
reddish brown sandy soils is the most inactive geomorphic surface in this area. Even on this
surface, however, marks of rainwash of short distance can be observed elsewhere and the
removal of finer materials due to deflation has occurred repeatedly in dry seasons.
Reddish brown soils covering the majority of the plainland, are considered to be relics of
a past more humid climate (Scott. 1967). The occurrence of these soils have shown their
relict nature, nevertheless no available data to restore climatic changes. These soils have
never occurred on such recent land surfaces as actually stripped slopes, seasonally submerged
slight depressions and scarp-foot zones subjected to soil creeping and rock fall. As will be
mentioned in later chapters, in die coastal region the yougest land surface that is covered
with sedentary reddish soils is the Malindi Terrace of Upper Pleistocene in age. But, in this
area, as described earlier, , 4 C dating of Achanta africa indicates that the upper part of
reddish soils of about 2 m thick has been accumulated within these 10.000 years. This
duration is too short to permit the formation of deep profile of maturely developed reddish
soils in situ. Therefore, it is natural to consider that the fossils must have been buried by
soils already attained reddish colour and these soils have removed due to weak sheetwash
and wind action.
From these considerations, it can be said that these processes, together with sheetflood
occurring on slight depressions, still contribute to the smoothing of the plainland. In this
context, the aftereffect of end-Tertiary planation has continued slowly throughout the
whole Quaternary up to the present. The total complex of various processes must have
preserved the appearance of an old-born land surface. In contrast to the coastal region,
where stepped marine terraces of Quaternary age are well-developed, in the inland plateau
many episodes of environmental changes, including the changes of sealevel, have converged
to a single series of landscape evolution and no distinct geomorphic surfaces have been
formed below the end-Tertiary surface. In the Voi-Kasigau area, the presevation of an old
surface, but with some modifications, and the destruction of it have undergone
simultaneously since Latest Tertiary due to the composite work of such spatially
differentiated various morphogenetic processes as diagrammatically shown in Fig. 16. The
denudation chronology of the evolution of landscape and the restration of climatic changes
which affected morphogenesis should be the main subjects for further study.
A problem arises concerning the role of actual gullying in the formation of pediments.
The dissection of sand-covered pediments with a smootii land surface by densely-spaced,
deeply-incised gullies seems to be a destruction process of land surface, which once attained
smoothness by overall pedimentation and has little been affected by linear erosion for a long
period. Providing tiiat the end product of pedimentation would be a morphological unit of
gently sloping footslopes having a long-profile of slightly cone ave-upward and plane-profile
of slightly convex, then it must be characterized by the smoothness both in longitudinal and
cross-sectional profiles. In this area, most of non-dissected and non-stripped pediments are
embraced in this category and the smoothness of land surface of such pediments is due
mainly to sandy mantle. In the dissected plain, where vigorous linear erosion by incised
streams has caused, such pediments have never been found. Stream incision leading to the
stripping of regolith is none other than the destruction process of pediments. Although the
role of actual gullying occurring on pediments does not compared with that of incised
streams, such gullying that linearly erodes the smoothly pedimented slopes overlain by
reddish brown sandy soils, relict soils, may also be expected to be a destruction process.
This view, however, may hold good on condition that the sand-covered smooth pediments
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are an end product of pedimentation. If we define the pediments as a morphological unit
having a land surface of 'born dissected' as Gilluly (1937) applied to the classic pediments in
the southwest of the United States, this view will be made ineffectual. In this area, however,
tins definition may be rejected because there are many of undissected pediments with a
smooth surface form. The next problem arises when we take account of long-term evolution
of landscape. The definition of pediments applied here is based on the temporally steady
state of land surface during the course of long-term variation of landscape. As mentioned in
the previous section, densely-spaced gullying leading to the acceleration of creeping and
slopewash would have resulted in the general downwearing of footsiopes. Coalescing of the
scarp-foot hollows induced by such gullying may be expected to contribute both to the
rapid removal of regolith at the scarp-foot zone, where deep weathering is apt to undergo,
and to the alluviation of sandy materials to the lower part of footsiopes by wash and
partially concentrated flow. This mode of land surface change occurring on the footsiopes is
considered to hold an important place in the evolution of pediments. In this context,
densely-spaced gullying at the scarp-foot zones, together with the backwearing of hillslopes
due to parting of sheeted blocks, must be evaluated as an important process contributing to
the long-term evolution of pediments, though it destructs the smoothed land surface at
present.
Mention should be made of the role of regolith in the formation of inselberg landscape. It
is no doubt that deep differential pre-weathering, controlled by the relative resistance of
lithology and the spacing of joints and fractures, has largely contributed to the evolution of
landscape, particularly to that of the dissected and stripped plain. Such minor landforms as
bornhardts and whale-back ridges have distinctly been originated from the exhumation of
differentially weathered profile under the end-Tertiary surface. After the exhumation, these
outcrop landforms have been subjected to subaerial sheeting almost parallel to the ground
surface, but original form of them was determined by subsurface pre-weathering.
In contrast, the evolution of larger residuals having a summit higher than the level of
end-Tertiary surface, though standing on the dissected and stripped plain, should not be
considered to be so simple as the occurrence of smaller outcrop landforms. They have never
been formed by a single exhumation. As for the evolution of such higher residuals,
multicyclic and poly genetic theory must be applied. Admitting that the exhumation is a
necessary step in the evolution, subsequent subaerial reduction of hill masses accompanying
pedimentation would play an important role in the evolution of inselberg landscape. Most of
inselbergs towering over the plainland along the Mombasa Road have undoubtedly been
experienced at least two times of denudation cycles, i.e., the sub-Miocene and end-Tertiary
denudation cycles, and still survive, undergoing subaerial processes. Some of higher residuals
towering over the dissected and stripped part of the plainland are now undergoing the third
denudation cycle, the recent cycle. In conclusion, it must be emphasized that the embryos
of bornhardts and inselbergs are expected to have been buried under the smoothly sloping
plain surface.
5. Conclusion
The inland plateau of southeastern Kenya consists mainly of weathered and sand-covered
land surface sloping coastwards with an average slope of 4/1,000. The smoothness of land
surface is due mainly to overlying reddish brown sandy soils that have been deposited by the
composite work of wash, sheetflood, streamflood and wind action. In a humid region such as
in Japan, an average slope of 4/1,000 permits the formation of alluvial fans consisting of
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thick deposits of gravels. In contrast, in this semi-arid tropical region, gravels are rare in
surficial deposits though the average slope is similar. This is due both to the scarcity of
rainfall that has restricted the occurrence of streamflood and to tropical weathering that has
rapidly disintegrated underlying bedrocks and debris derived from hills into fine-grained
materials. Gravels are also scarce in pediment deposits and the pediments in this region are
'sand-covered pediments'.
In the dissected and stripped plain along the Galana River and its tributaries
rock-controlled outcrop landforms such as bornhardts and whale-back ridges are dominant.
Most of these minor residuals have definitely been originated from simple exhumation of
differentially weathered profile under the end-Tertiary surface. On the contrary, for the
evolution of higher residuals towering over the end-Tertiary surface, simple exhumation
theory should be rejected and in turn muiticyclic and polygenetic theory should be applied.
The embryos of bornhardts and inselbergs are expected under the uniformly sloping plain
surface and the marks of extinct residuals may be evaluated as the preliminaries for
subsequent evolution of inselberg landscape.
Densely-spaced scarp-foot gullying seems to hold an important place in the long-term
evolution of pediments and backing hillslopes, though it destructs the sand-covered,
smoothed land surface at present. Sheet flood, which has long been believed as a dominant
pediment forming process, has rarely occurred on the pedimented slopes. In the present-day,
the occurrence of sheetflood has restricted to the slightly depressed areas in the gently
sloping plainland. Although most of plainland appears to be an old-born erosion surface with
overlying reddish soils, relict soils, slight modification of land surface has continued even in
Holocene up to the present. Radiocarbon dates of Achanta africa for Aruba Lodge suggest
that the upper part of reddish sandy soils of about 2 m thick has been accumulated in these
10,000 years due to wash and wind action. The denudation chronology of the inland plateau
and the restration of past climatic changes that affected morphogenesis should be the main
subjects for further study.

III. FORMATION OF THE FOOT PLATEAU
Kenya Coastal Zone was physiographically divided by J.W. Gregory (1896) into three
units: the Coast Plain, the Foot Plateau (the Foot Hills) and the Nyika. An outline of the
division has been followed (Tab. 2) and the Coastal Range was added by Caswell (1953) as
an eminent physiographic unit intermitting between the Foot Plateau and the Nyika. though
the name seems to be inadequate by association with prevalent plate tectonics theory.
The previous explanations are not so persuasive on the essential difference between the
formative processes of the Foot Plateau and of the Coastal Plain except raised reefs. The
latter is mostly constituted by accumulation surfaces of the Pleistocene deposits over
abrasion platforms or drowned valleys. On the contrary the former has been conceived to be
a part of the 'end-Tertiary' erosion surface as the Nyika. But the 'Pliocene' unconsolidated
sediments situated on the eastern part of the Foot Plateau and there is discrepancy to some
extent among previous works on the implication of the sediments.
Then the present authors would like to propose another opinion on the formation of the
Foot Plateau on die basis of a general view over the East African Coast and somewhat
detailed observation in a part of southeast Kenya.
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Table 2 Previous works on physiographic zonation of Coastal Kenya.
GREGORY

1896
CASWELL

1953

Foot Plateau
(Foot Hills)

Nyika

Nyika

Coastal
Range

SAGGERSON

Nyika

1961
OJANY
1966
BERRY
1969

Foot Plateau

Duruma-Wajir
Low Belt
Plateau
(of E. Kenya)

Coast Plain
(Temborari)
Coast Plain

Coastal Plain

a
O
c
,3
•3
c

Coastal Belt and Plateau

Coastal Hinterland

Coastal Margins

1. Previous Views on the Formation of the Foot Plateau
Gregory (1896) mentioned only that the Foot Plateau is an undulating plateau higher
than the Coastal Plain and lower than the Nyika, and is composed of sedimentary rocks
referable to the middle period of geological history (nowadays correlated to Jurassic). It is
inferred from his mention that he conceived the Foot Plateau to be an erosion surface. It
became more and more evident that the Nyika set up by Gregory was the end-Tertiary
erosion surface itself as informations on the erosion surfaces of Inland Kenya were collected
by the staff of the Geological Survey of Kenya in mid-20th century.
Following the evidences, Caswell (1953 and 1956) stated that the Foot Plateau in the
Mombasa and Kilifi areas was a gently seaward-sloping erosion surface of Mid-Pliocene age
planed-off the Jurassic rocks and covered with the Upper Pliocene Magarini Sands to build
hills at the eastern edge of the plateau. The Foot Plateau was formed in the same age and
with the same processes as the Nyika and was separated subsequently from the latter with
seaward downfaulting, according to him. He did not express whether the land surface
underlain by the Upper Pliocene Sands was an accumulation surface or not.
On the contrary Thompson (1956), who surveyed the Malindi area, described that the
surface of the Foot Plateau truncated not only the Jurassic rocks but the unconsolidated
sediments, which were named the Marafa Beds and were correlated to the major part of the
Pliocene Magarini Sands in the Kilifi and Mombasa areas, and concluded that the surface was
formed in Late Pliocene or Early Pleistocene as an erosion surface.
Williams (1962) denied the existence of the landscape equivalent to the Foot Plateau in
the Hadu-Fundi Isa area to the north of Malindi only because the plateau behind the Coast
Plain in the area was about 40 m higher than the Foot Plateau behind Mombasa, about
150 km south of Fundi-Isa. Besides he dated the land surface of the plateau at most MidMiocene only because it has the Lower Miocene strata as an immediate foundation. His
discussion was so deficient in presuasion.
Saggerson and Baker (1965), who discussed the formation and deformation of erosion
surfaces in Eastern Kenya based on many reports of the Geological Survey of Kenya, regarded the Foot Plateau as a part of the end-Tertiary erosion surface, essentially according to
Caswell's opinion. They stated that the end-Tertiary erosion surface was displaced about
-81 -

Fig. 17 (Left) The coastal zone of East Africa (Index map for
Chapters III, IV and V).
Dotted area is covered with
the Neogene and Quaternary sediments.
Fig. 18 (Right) A preliminary geomorphological map of the coastal
zone.
1: Nyika, 2: Coastal Range, 3: Foot Plateau, 4: Alluvial
Plain, 5: Coastal Plain, 6: Continental Shelf (shallower than
100m), 7: - 2 0 0 ~ ~ 3 0 0 m Platform, 8: - 7 5 0 ~ - 8 5 0 m
Platform, 9: Lower Submarine Platforms, 10: Submarine
Ridge on the - 2 0 0 ~ -300m Platform and on the Continental Shelf, 1 1 : Submarine Trough on the upper edge of
the continental slope, 12: Submarine Trough dissecting the
-750
850m Platform, 13: Upper Submarine Escarpment,
14: LoWer Submarine Escarpment.
300 ft (ca. 90 m) in Pliocene age with the last activity of the coastal fault-zone and
that downfaulted coastal part was overlain by the Upper Pliocene Sands. Besides they suggested that Thomspon (1956) expressed similar opinion as Caswell's (1953), but it is their
missreading as documented above.
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Ojany (1966), accepting that Gregory's Foot Plateau is largely an erosion plain gently
sloping toward the sea, included both the Foot Plateau and the 'true' coastal plain lower
than 200 ft (60 m) above the sealevel in the Coastal Belt and Plain. Berry (1969) proposed a
new physiographic unit, the Coastal Hinterland, which is a dissected plateau underlain by
sedimentary rocks ranging in age from Jurassic to Pliocene and is separated from the Coastal
Plain with a distinct scarp. He includes in the new unit not only the Foot Plateau but the
Coastal Range, but did not discuss on formative processes of the new unit. Hon (1970)
named a part of the Foot Plateau near Mombasa the Matuga Surface and described that it
often has veneer of fluvial gravels.
It became evident from the review of previous works that the problem on the formation
of the Foot Plateau lies in relation of unconsolidated 'Pliocene' sediments to the plateau. It
should be investigated in detail whether the Foot Plateau is a downfaulted part of the
'end-Tertiary' erosion surface subsequently covered with the 'Pliocene' sediments or a
younger erosion surface truncating the sediments, or an accumulation surface of the
sediments, though the last concept has never been expressed.
2. Zonal Arrangement of Subaerial and Submarine Morphology along the Coast
Topographic sections from the area of obvious erosion surface to the upper continental
slope (Fig. 19) and a preliminary geomorphological map (Fig. 18) based on the sections are
drawn from published topographic maps and charts in order to inspect the situation of the
Foot Plateau in the spatial sequence of landforms in the coastal area. Each physiographic
unit or morphological zone is arranged in sub parallel with the coastline, NNE-SSW. A few of
straight boundaries dividing the units or zones present considerable escarpments. Features of
each unit or zone is described below.
The Nyika is a gently undulating plateau higher than about 100 m above the sealevel. Its
surface truncates the Basement System rocks and the Permo-Triassic Duruma Sandstone
Series and is included in the 'end-Tertiary' erosion surface extending in southeast Kenya (cf.
Figs. 2 and 3 in Chapter II).
The Coastal Range is a series of horst-like eminences intermitting along the line of 20 to
100 km inside from the coastline. Though faults are not always confirmed along the both
sides of the eminences, many fault-lines subparallel with the coastline are concentrated

Fig. 19 Topographic cross sections of the coastal zone.
Each section runs from WNW to ESE at intervals of 20km.
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surrounding them and are called the coastal fault-zone (Saggerson and Baker. 1965). Where
the Coastal Range is lacking and the Nyika contacts directly with the Foot Plateau,
topographic gap at the boundary of both units is indistinct but the boundary is, according
to Saggerson and Baker (1965), an eastward-thrown fault which was active subsequenüy to
the configuration of the 'end-Tertiary' erosion surface in Mid-Pliocene age.
The Foot Plateau is an almost even or slightly undulating plateau of about 80 to 120 m
above the sealevel, and is situated on the seaward side of the Nyika or the Coastal Range.
The problem on the geomorphological character of the plateau was mentioned in the
preceding section. The plateau is underlain by the Jurassic and the Neogene (or Lower
Pleistocene (?) in part) sediments and is often overlain by reddish sandy or loamy soils (cf.
Chapter V). The width of the unit is broader where the Neogene sediments lie than where
they are lacking and older rocks are near the coast. The boundary between the Foot Plateau
and the Coastal Plain is partly a distinct straight escarpment as at Kakuyuni to the west of
Malindi and partly indistinct as to the west of Gazi. Where it is distinct, eastern edge of the
plateau often rises as hillocks.
The Coastal Plain is situated in a zone of 0 to 60 m above the sealevel and 3 to 10 km
wide along the coastline. It is, as will be described in detail in Chapter IV. composed of
five-stepped marine terraces. Middle three steps of them, the Mombasa Terraces, have a
typical structure of raised-reef coast which is composed of reef limestone on the seaward
side and lagoonal deposits on the landward side. Each terrace seems to have been built under
the condition of eustatic changes of sealevel in Middle and Late Pleistocene. The boundary
between the Coastal Plain and the Continental Shelf, that is the present coastline, does not
represent a distinct topographic gap in the scale of Figs. 18 and 19.
Most of the Continental Shelf is shallower than 40 m below the sealevel and is subdivided
into a few steps, which are not described here in detail. It must be composed of
present-growing fringing reef and the terraces formed under the low sealevel in Late
Pleistocene. The Continental Shelf has, like as raised terraces, parts of coral limestone and
parts of sand and mud. Depth of the outer margin of the unit is about 100 m and there is an
enormous escarpment of NNE-SSW trend on the outside of the margin. The escarpment is
comparable with ones on the both sides of the Coastal Range. It is provisionally named the
Upper Submarine Escarpment. The Ruvu-Mombasa Fault posturated by Willis (1936) may
correspond to it.
A platform of 200 to 300 m deep is situated on the upper section of the Upper
Submarine Escarpment only in the area to the east and southwest of Lamu and to the east
and south of Malindi. The platform does not continue from NNE to SSW as other units and
is separated by troughs of N-S trend. Pemba Channel also seems to be one of such troughs. A
ridge runs on the east side of each trough. Those troughs and ridges of N-S trend may reflect
the geological structure crossing the dominant NNE-SSW structural trend.
A platform of 750 to 850 m deep is found on the continental slope off Malindi and off
Mombasa. The platform is cut out at the outer margin with a big escarpment provisionally
named the Lower Submarine Escarpment. Each block of the platform is separated by a
trough of WNW-ESE trend. Pemba Island is situated on the south-west-southward extention
of the platform of 750 to 850 m deep. Some stepped landforms deeper than 1,000 m are
found at the foot of the Lower Submarine Escarpment and are included in the Lower
Platforms shown in Fig. 18.
Looking over subaerial and submarine morphology of die coastal area, it seems to be
composed of long blocks separated each other by enormous step faults of NNE-SSW trend.
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The scale of the faults is comparable with the escarpment of the Rift Valley. One of such
blocks is a block between the escarpment at the eastern edge of the Continental Range or,
where it is lacking, of the Nyika and the Upper Submarine Escarpment at the eastern edge of
the Continental Shelf. The Foot Plateau is situated in the highest segment of the block
which is, as mentioned above, composed of the Foot Plateau, the Coastal Plain and the
Continental Shelf, but does not include the Nyika. The Coastal Plain and the Continental
Shelf were obviously configurated under the control of sealevel fluctuation in Pleistocene.
The boundary between the Nyika and the Foot Plateau is conceived to be a fault of
post-Mid-Pliocene age by Saggerson and Baker (1965) and others. The faults of the same
trend transect the Neogene strata near Dar es Salaam and in Zanzibar (Quennel el al., 1956;
Saggerson, 1967 and Temple, 1970).
3. The Neogene and/or the Lower Pleistocene Sediments along the Coast
The Foot Plateau and its equivalents in East African Coast are extensively underlain by
subaqueous and essentially non-calcareous unconsolidated sediments with reddish soil cover
(cf. Chapter V). The sediments are mostly inferred as the Pliocene series. Those are the
Marafa Beds in the environs of Malindi (Thompson, 1956), the Magarini Sands in the Kilifî
and Mombasa areas (Caswell, 1953 and 1956; originally named by Gregory, 1896), the
Clay-bounds Sands in the hinterland of Dar es Salaam area (McKinlay, 1962*; Temple
(1970) conceived them to be the Miocene series influenced by the dogma that Late Miocene
and Pliocene were the duration of subaerial erosion), die Mikindani-schichten distributed
extensively in Tanganyika Coastal Region (Bornhardt, 1900**), the Mkindu Beds in the
Rufiji River basin (Spence, 1957**), the Weti Beds in Pemba Island (Stokley, 1928** ;
refered by McKinlay as the Lower Miocene but the beds seem to resemble the Pliocene
sediments in the other region), and so on. They resemble each other in their stratigraphy and
lithofacies as well as landforms composed of them.
The 'Pliocene' sediments are often underlain by calcareous marine strata, most of which
are correlated paleontologically to the Miocene. These are the Fundi Isa Limestone in the
area to the north of Malindi (Williams, 1962), the Baratumu Beds in the Malindi area
(Thompson, 1956), the Pugu Sandstone in the area behind Dar es Salaam (Zehnder. 1958*),
the Lindi Uppermost Beds (Teale, 1937**), the Mambi Beds and the Wanyamao Beds
(Stockley, 1930**) in South Tanganyika Coast, the Zanzibar Series in Zanzibar (Stockley,
1928**). the 'Younger Tertiary' marine sediments in Mafia (Bornhardt, 1900**) and so on.
Considerable part of the Foot Plateau and its equivalents are composed of the 'Pliocene'
unconsolidated sediments overlying the calcareous Miocene strata or the Jurassic rocks
described above. But in the rest of the Foot Plateau the sediments are lacking and the
Jurassic rocks are directly overlain by reddish sandy soils, as in the environs of Mombasa and
Tanga, where no large rivers carrying much load are found (Fig. 17). The Foot Plateau
truncating the Jurassic rocks seems to have been overemphasized because both the First
description by Gregory (1896) and the prevailing opinion by Caswell (1953) on the Foot
Plateau were based on observation chiefly in the Mombasa area.
4. Landforms and Sediments in the Sabaki Area
A typical example of the Foot Plateau composed of the unconsolidated sediments lies
along the Sabaki (Galana) River which is the lower course of the Athi River, the second
longest river in Kenya. Several suitable exposures scatter on the valley-sides of the main river
and its tributaries and borehole records in the area around Malindi are obtained although
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their quality and quantity are not sufficient. Semi-detailed observation on the sediments
themselves and on the relation between the sediments and the landforms was made in the
area.
1) The Marafa Beds and Their Bases
The major part of the Foot Plateau in the area is composed of light grey or light yellow
coloured sands or silts of 20 to 70 m thick, underlain by light blue-grey to dark grey or
brown coloured clay and overlain by reddish sandy or loamy soils. These sediments are
identified with the Marafa Beds defined by Thompson (1956) as a whole, then the
nomenclature is followed in the present paper. Upper part of the beds is observed well on
the cliff at Marafa. to the northwest of Malindi. and on the cliffs along the south side of the
Sabaki River at the northern margin of Arabuko Sokoke Forest, to the west of Malindi.
On the slope at Goshi, about 8 km west of Malindi, the top of rather soft limestone is
about 35 m above the sealevel. On Gaji Hill adjacent to Goshi harder limestone and overlying
siltstone with marly intercalations are exposed at the place higher than 50 m above the
sealevel. According to Thompson (1956), those sediemnts with limestone are the Miocene
Baratumu Beds ascending around Gaji and Goshi (he confused the two place names). Using
the same criteria as above, it is clarified that the Baratumu Beds underlies the sands or silts
including pebbles belonging to the Marafa Beds in the area to the west of Jilore and
Kakoneni, about 20 to 30 km west of Malindi. At Nyali ya Bore, 30 km west-north-west of
Malindi. consolidated limestone continue at least up to 75 m above the sealevel and
semiconsolidated calcareous sandstone and siltstone overlies it still more. Then it becomes
evident that the Miocene Baratumu Beds defined by Thompson (1956) lies in the area
further to the west than represented on his map and Üiat the boundary surface between the
Marafa and the Baratumu Beds is so rugged as considered to be unconformity.
According to borehole records as well as field evidences, the Marafa Beds are composed of
muddy lower part occasionally accompanying basal pebbles or cobbles, and fine-sandy
middle and upper part intercalating muddy layers, and total thickness of them is at most
100 m.
These facts on lithofacies, thickness and basal morphology of the Marafa Beds, compiled
in Fig. 20, suggest that the beds are fluvio-marine deposits due to a great transgression.
Inclination of the Marafa Beds is not observed at all.
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Fig. 20 Geological cross sections of the Foot Plateau around
Malindi. Location of each section is represented in Fig. 2 1 .
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2) The Marafa Surface
The top of the horizontal Marafa Beds forms a platform with altitude of 80 to 120 m
above the sealevel with several exceptional hillocks protruding above the general surface of
the plateau at the eastern margin of the area of the Marafa Beds. The hillocks may be sand
dunes (of the same age as the Marafa Beds (?)) lying upon small residuals of ancient rocks.
Morphological characteristics of the plateau composed of the Marafa Beds are fairly flat
surface and breakaways at the dissecting valleys. This characteristics does not vary in the
narrow area of the Jurassic rocks beyond the western extent of the Marafa Beds. In the area
of the Triassic Duruma Sandstone Series further west, gentle swell and hollow landscape
becomes dominant and the structure of the bedrock is represented on aerial photographs as a
parallel pattern of NW-SE trend. Then it is appropriate to fit the location of both boundaries
between the Foot Plateau and the Nyika and between the Jurassic rocks and the Duruma
Sandstone Series.
Northward extention of the Foot Plateau continues to the Rogge Plateau around Hadu.
in spite of William's opinion (1962) introduced above. The present authors observed dark
blue clay layer underlain by greyish white muddy limestone at a place to the east of Hadu.
This limestone is the Fundi Isa Limestone (Williams 1962) which is correlated to the
Baratumu Beds and overlying clay will be the Marafa Beds. Southward extention of the Foot
Plateau continues to the eastern half of Sokoke Forest behind Kilifi, where the plateau
reduces its width to 2 km, about a quarter of its width at the west of Malindi, but remains its
altitude (70 to 90 m above the sealevel) and the morphological characteristics. Thickness of
the Marafa Beds seems to decrease southward.
The facts on the morphological characteristics of the area underlain by the Marafa Beds,
which takes the major part of the Foot Plateau around Malindi. and those of the relation
between the beds and the surface of the plateau of the area do not oppose but support to

Fig. 21 Geomorphological map of the Sabaki area.
1: Nyika, 2: Foot Plateau composed of Jurassic rocks, 3:
Marafa Surface. 4: Changamwe Terrace, 5: The Mombasa
Terraces, 6: Jilore I Surface, 7: Jilore II Surface, 8: Jilore
III Surface, 9: Madungoni Surface, 10: Flood Plain, 11:
Coastal sand dune, 12: Present river course, 13: Former
river course. 14: The river course immediately before 1961,
15: Location of the cross sections shown in Fig. 20. 16:
Location of the soil profiles represented in Fig. 33 (Chapter
V).
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consider the surface of the Foot Plateau of the area to be an accumulation surface of the
Marafa Beds. At least, evenness of the surface must be inherited from the accumulation
surface of the beds. The accumulation surface is called the Marafa Surface.
3) River Terraces along the Sabaki River
The land around Garashi, Dagamura and Kolobani on the north side of the Sabaki River
and Jilore on the south side takes altitude of 40 to 60 m above the sealevel which is a little
lower than the general altitude of the neighbouring Foot Plateau. At Jilore, there are four
steps of terrace-like landforms lower than the Foot Plateau. The upper three steps of them
are regarded as river terraces and are called the Jilore I, Jilore II and Jilore III Surfaces. They
have dark coloured sandy deposits which are not always discernible from the Marafa Beds.
The lowest step, about 5 m higher than the river level in August and September, 1971,
continues well both downstream to the bridge of Malindi-Garsen road and upstream to the
extent of Tsavo National Park East. The lowest step is called the Madungoni Surface from
the name of a village about 10 km west of Malindi. The Madungoni Surface seems to be
inundated at an occasion of a big flood as occurred in 1961, and is composed of white or
light grey coloured sandy laminated thin flood deposits overlying the truncated fossil-soil
profile at the foot of valley-sides (Fig. 33-e in Chapter V). The Madungoni Surface occupies
a major part of the floodplain of the Sabaki River and the whole of the valley-floors of the
tributaries. The deposits composing the surface at the central part of the floodplain may be
thicker than those represented in Fig. 33-e. The width of the floodplain including the
Madungoni Surface is 3 to 6 km in the area underlain by the Marafa Beds. Then it may be
suggested that the Madungoni Surface is formed by recent accumulation.
Not only the Madungoni Surface but the Jilore Surfaces also lie along the river though
fragmentally. The distribution pattern of the Jilore Surfaces is concordent with the width of
meander belt of the river which increases where the river course reaches from the area of the
older rocks to the area of the Marafa Beds. In the extent of the Coastal Plain where
five-stepped marine terraces are distributed as will be described in Chapter IV, the Jilore and
the Madungoni Surfaces are formed narrowly along the river cutting down the marine
Changamwe and Ganda Terraces. Only the Jilore III Surface and the Madungoni Surface cut
down the Kilifi Terrace also, and the extention of the long profile of the Madungoni Surface
reaches to the position distinctly lower than the Malindi Terrace. The deposits of the Jilore
III Surface near the Sabaki River Treatment Plant of Malindi Water Supply, about 4 km
north-north-west of Malindi, are sand and pebble beds of 0.6 to 1.4 m thick including shirk's
teeth underlain unconformably by reef limestone building the Mombasa Terraces. Then the
lowest segment of the Jilore III surface is not a simple fluvial terrace but was formed under
the condition partly affected by sea water. The sealevel of those days would be similar to the
level of the Jilore III Surface at the locality, about 7 m above the present sealevel which is
equal to the altitude of the Malindi Terrace (cf. Chapter IV).
Though correlation of fluvial and marine terraces is difficult in the area, the Jilore I, the
Jilore III and the Madungoni Surfaces seem to be close to the Ganda or the Kilifi, the
Manlindi and the Shelly Beach Terraces in age respectively because of fragmental evidences
described above. The land downweared from the Marafa Surface may be included in the
extensive Jilore Surfaces around Garashi represented in Fig. 21.
5. A Tentative Conclusion on the Formation of the Foot Plateau
It became clear in Section 2 that the Foot Plateau was situated on the highest segment of
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the block including landforms configurated in Quaternary (the Coastal Plain and the
Continental Shelf) and was separated from the block including the Nyika by the fault of,
perhaps, post-Mid-Pliocene age. It was pointed out in Section 3 that considerable part of the
Foot Plateau, especially along lower course of large rivers, was composed of the
unconsolidated subaqueous sediments overlying the calcareous Miocene and the Jurassic
rocks. And it was inferred in Section 4 that most of the Foot Plateau around Malindi (from
Kilifi to Hadu) was an accumulation surface of the unconsolidated subaqueous sediments
which were characteristic of fluvio-marine deposits due to a great transgression. The sediments were named the Marafa Beds by Thompson (1956) and the surface is called the Marafa
Surface in the present paper. It is evident from the geomorphic locations of the Marafa
Surface and the lower marine terraces and their interrelations that the sealevel at the great
transgression attained about 90 to 110 m above the present sealvel and that the transgression
preceded to the Middle and Late Pleistocene transgressions which brought the formation of
the marine terraces composing the Coastal Plain. When the Coastal Plain was built scanty
river terraces were formed along the Sabaki River within the extent of the Foot Plateau and
the Coastal Plain.
It is deduced from the conclusions of Sections 3 and 4 that considerable part of the Foot
Plateau is the accumulation surface of the deposits due to a great transgression. It occurred
probably in Late Pliocene or Early Pleistocene according to the conclusions of Sections 2
and 4, and general knowledge on the history of sealevel change. That is, the Marafa Surface
is regarded as the highest marine terrace (or terraces) which may, of course, include a part of
fluvial origin. The high terraces with similar geomorphic situation as the Marafa Surface are
known in the coast of South Africa (Maud, 1968), South Australia (Ward, 1965) and so on.
The above-mentioned hypothesis is opposed to the prevailing opinion that the Foot
Plateau, as well as the Nyika, was formed as an erosion surface in end-Tertiary age. But the
distribution and present form of the Marafa Surface were probably regulated by the
erosional landscape before the accumulation of the Marafa Beds. Because the thickness of
the Marafa Beds, estimated at most 100 m, is rather thin considering the width of the Marafa
Surface, which is about 20 km now and seems to have reached 50 km when it was built.
The surface of the Foot Plateau is partly an erosion surface composed of the Jurassicrocks. Such an erosional Foot Plateau also has similar morphological character as the
accumulational Foot Plateau as the Marafa Surface. But the width of the Foot Plateau in the
area where the erosional Foot Plateau is in direct contact with the coastal Plain is less than it
in the area where the accumulational Foot Plateau is situated with large rivers. On the
formation of the erosional Foot Plateau, following three hypotheses are conceivable: the
first, a subaerial erosion surface preceding to the formation of the Marafa Surface; the
second, a subaerial erosion surface of the same age as the Marafa Surface; and the third, a
marine abrasion surface of the same age as the Marafa Surface. The first hypothesis means
that the landward extention of the basal surface of the Marafa Beds is preserved now without
considerable cover. If the second hypothesis is true it should be prized as an uncommon
example that two kinds of plainlands due to different processes, those are subaerial
denudation and marine abrasion, which require quite different duration, were completed at
the same time. To prove the third hypothesis it is necessary to find out fragments of coastal
deposits within the extent of the erosional Foot Plateau. Veneer of gravels scattering on the
erosional Foot Plateau as the Matuga Surface near Mombasa (Hori, 1970) should be
remarked in the discussion as above.
Every problems remain unsolved perfectly and further research is necessary as well as
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detailed examination of the tentative conclusion that considerable part of the Foot Plateau
is an accumulation surface of the deposits due to a transgression in Early Pleistocene or Late
Pliocene age when the sealevel would attain about 100 m above the present sealevel.
Notes (p. 85):
* cited from Temple (1970).
** cited from McKinlay in Quennel et al. (1956).

IV. EVOLUTION OF THE COASTAL PLAIN
Although the continental shelf along the Kenyan Coast is very narrow, several stepped
marine terraces composed mainly of raised coral reefs are well-developed along the coast. As
compared with marine terraces in an orogenic zone such as the Ryukyu Archipelago,
southwesternmost of the Japanese Islands, the terraces of the Kenyan Coast, which is
situated in a fairly stable zone, are generally wider. Some interesting features in this narrow
coastal belt are as follows:
1) While the inland plateau area has been eroded throughout a long geologic period, the
coastal belt has been a depositional zone. Accumulation terraces and their related sediments
are dominant in the coastal belt, and they may offer valid informations for analyzing past,
environmental changes both in the inland and coastal areas. In other words, the study of
marine terraces in this area should be considered as the best measures to combine the
landscape evolution of the inland area and that of the coastal area.
2) Each of marine terraces is regarded as a product of wave action that operated at the
time of a high stand of sealevel during Quaternary. Marine terraces of different places should
be correlated on the basis of globally contemporaneous sealevel fluctuation.
3) The raised coral reefs along the East African Coast show typical geomorphological
features in the low latitude, and many useful ideas to make a general explanation of coral
reef evolution may be obtained from an intensive study in this area.
1. Previous Works
Caswell (1956) distinguished four marine terraces in the Kilifi area: 300-350 foot. 200
foot, 95—100 foot and 30 foot. He claimed that these terraces were formed corresponding
to each high stand of sealevel.
On the other hand, Thompson (1956) surveyed the geology of the Malindi area and
distinguished two terraces; i.e., 120 foot and 25 foot terraces. He stated that both of them
are raised coral reef, and were formed corresponding to the different transgressions. He
restricted the name 'Magarini Sands' to the wind blown variety, and proposed the name
'Marafa Beds' for the underlying fluviatile deposits, which are refered to Upper Pliocene in
age.
Battistini (1969; cited from Geoabstracts 72A/1218, p.353) also studied marine terraces
between Mombasa and Malindi, and distinguished two raised coral reefs.
Hori (1970) distinguished following five terraces and one surface in the Mombasa-Kilifi
area: They are the Matuga Surface, the Changamwe Terrace, the Mombasa Terraces, which
are subdivided into the Upper and the Lower Terraces, and the Shelly Beach Terrace. The
Mombasa Terraces are typical raised coral reefs, which consist of the upper fill-top terrace
and the lower fill-strath terrace. He made clear the structure of raised coral reefs, and tried
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to give a general explanation on their evolution based on his working hypothesis. Most of the
overlying reddish soils of terraces are conceived aeolian sands including partial fluvial
deposits apparently separated from underlying terrace deposits (cf. the soils of d-type
described in the following chapter). Some implements which are dated as African Middle
Stone Age (ca. 30,000 years B.P.), were found at the bottom of these reddish sands.
2. The Purposes and the Methods
The purposes of the present study are to describe the marine terraces in the Kihfi-Malindi
area, to correlate them to the marine terraces in the Mombasa area (Hori, 1970), to discuss
their origins and ages in the context of the eustatic sealevel fluctuation and to obtain some
geomorphological principles on coral reef formation.
The marine terraces were preliminarily mapped on topographic maps (scale 1:50,000,
contour interval 50 feet) by using aerial photographs, and these maps were checked in the
field. Elevation of ancient Strandlines was determined by using a Polin Altimeter of the
MT-II type. The structure of terraces was deduced from borehole data which were obtained
from the Water Development Department, Ministry of Agriculture, as well as from the field
surveys. The authors paid an attention not only to the measurement of raised Strandlines but
also to facies and thickness of terrace deposits. It is especially important to take into
consideration the relationship between reef limestone and relief. The main criteria for
correlating terraces are the width, continuity and height of terraces.
3. Regional Setting
From the geomorphological point of view, it is said that the Malindi area is a junction of
inland impacts and marine impacts. Inland impacts mean the outflow of the Sabaki (or the
Galana) River, which transports a large amount of suspended load from the inland plateau
during the wet seasons. The suspended load is not only deposited around the coast,
especially in the northern part of the Malindi area, but also it blocks off the penetration of
sunlight into the water. On the other hand marine impacts are definitely represented by the
formation of coral reefs (see Photo 12).
The corals invariably prefer clean, warm and nutrious sea waters. The sea waters of the
Indian Ocean off East Africa have enough potentiality to build up coral reefs owing to their
high temperature. For example, the annual fluctuation of sea surface water temperature is
from 25°C to 29°C (Newell, 1957, 1959; U.S. Navy Hydrographie Office, 1944). In the
studied area the difference in environmental conditions of the northern part around Kilifi is
clear. Once coral reef is constructed along the coast, it works as a barrier against the
diffusion of sediments supplied by river. Such a hydrological evidence is clearly reflected in a
drainage pattern around Bandari ya Wali in Kilifi and Tuder Creek in Mombasa (Photo 13).
From the climatological view point, the Malindi area is understood as the northern
periphery of coastal wetter belt. Annual precipitation is over 1,000 mm within this belt (see
Fig. 1). The width of this belt is generally 15—25 km in the vicinity of Mombasa and Kilifi,
corresponding with the coconut palm belt (e.g., Moomaw, 1960). During the dry season,
monthly rainfall in the northern region north of Malindi is less than 10 mm (fig. 22). The
drier and warmer climate in the northern region, in combination with a large volume of
sands derived from the Sabaki and the Tana Rivers, appears to give a better condition for the
formation of extensive coastal dunes. These present environmental conditions are thought to
be very important to interprète ancient coastal geomorphology in the Malindi area.
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4. Marine Terraces
A classification of terraces was carried out by paying attention to the degree of
dissection, relative height and relief corresponding to their deposits. The marine terraces in
this area are classified into four groups: the Marafa Surface, the Changamwe Terrace, the
Mombasa Terraces consisting of the Ganda, the Kilifi and the Malindi Terraces and the
Shelly Beach Terrace in descending order (Fig. 23). Among these terraces, description of the
Marafa Surface was already made in the preceding chapter.
1 ) The Changamwe Terrace
This terrace was named at Changamwe, west of the Mombasa Island, and the deposits,
that fill up a valley dissecting the Marafa Surface at least several tens of metres in depth, are
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Fig. 22 Average rainfall (mm) and wind-rose of the eastern part of
East Africa in February (dry season, left) and May (wet
season, right).
1: Land over 1,500m, 2: Land over 2,500m, 3 : Surface
wind-rose scale and wind speed group.
Rainfall data after Tomsett (1969); Wind-rose data after E.
A. Met. Dept. (1964).
observed at the edge of this terrace (Hon, 1970). But northward to the Kilifi area, it is very
difficult to find exposures of the terrace deposits. The Changamwe Terrace shown in Fig. 23
can be distinguished by topographic discontinuity and facies of surficial geology. The
elevation of this terrace is 45—70 m above the present sealevel. This terrace is small in scale,
and is discontinuous in distribution, but is distributed associated with the Marafa Surface.
2) The Mombasa Terraces
This terrace group is a typical raised coral reef. In his previous work Hori (1970)
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distinguished two terraces: the Upper and the Lower. Relative height of more than 10 m is
recognized between the ancient reef flat (34-37 m) near the raised strandline and the rise
(ca. 24 m) along the outer edge of raised fringing reef. Furthermore it is observed that rises
attain over 24 m in height and such tower-like rises as Kilimanjaro (36 m high), located
south of the Mida Creek, also attain over 30 m in height. The top of these higher rises and
mounds usually corresponds to the raised strandline of the Upper terrace. From these
geomorphological features, the Upper Terrace defined by Hori (1970) in the Mombasa area
can be divided further into the Upper or the Ganda Terrace and the Middle or the Kilifi
Terrace (Table 3).
Table 3 Classification of the Mombasa Terraces
In this paper

Hori (1970)

Upper or the Ganda Terrace
Upper Terrace
Middle or the Kilifi Terrace
Lower Terrace

Lower or the Malindi Terrace

a. The Ganda Terrace
The raised strandline is about 34 m above the present sealevel. This terrace may be
regarded as a fill-top terrace. The width of the terrace is usually 1 to 3 km, but its continuity
is not good. A small knoll is sometimes observed at outcrops. According to borehole data the
terrace deposits seem to attain 90 m in thickness (Hori, 1970).
b. The Kilifi Terrace
The Kilifi Terrace is the most continuous among all of marine terraces in this area, and is
the widest (max. 10-14 km) among three terraces composed of raised coral reef. The
boundary between the Ganda Terrace and the Kilifi Terrace is obscure, because the cliff
formation due to wave action might have been prevented by the presence of a wide and
shallow lagoon. But the rises along the outer edge are usually distinct. The top of these rises
and mounds coincides with the raised strandline of the Ganda Terrace in most cases. This
terrace may be regarded as a fill-strath marine terrace, but a fringing reef seems to have been
formed during a period of long-continued stable sealevel subsequent to a minor regression.
c. The Malindi Terrace
This is the lowest fill-strath marine terrace among three raised coral reefs. The ancient
strandline is 7 to 10 m above the present sealevel. This terrace is usually discontinuous and
narrow. It is distributed typically around Malindi town, where it is nearly 2 km in width
(Fig. 23). The floors of some channels, which dissect the Ganda Terrace, the Kilifi Terrace
and a lagoonal depression, smoothly continue to the Malindi Terrace around Malindi and
Gongoni.
3) The Shelly Beach Terrace
The raised strandline is about 4.5 m above the present sealevel. This is a narrow and
discontinuous marine terrace. The type locality of this terrace is the opposit coast of the
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Mombasa Island (Hon, 1970), and this terrace can be traced northward to the Kilifi-Malindi
area, though it becomes very narrow. It is very difficult to map this terrace on Fig. 23,
except the area around the Mida Creek. A distinct raised sea cliff of 2.5 km in length can be
observed along the Malindi coast. The nature of this terrace is a fill-strath terrace of raised
coral reef composing the Mombasa Terraces. The surface of this terrace is smoothly sloping
to the present beach. No reddish sands and soils are found on this terrace. Cemented hard
reddish soils are observed at the base of cemented calcareous materials composing the Shelly
Beach Terrace deposits (e.g., near Likoni Ferry, the opposit coast of the Mombasa Island).
Judging from the above evidences, the Shelly Beach Terrace is distinguished from the
Mombasa Terraces. It might have been formed during the highest stand of sealevel of the
postglacial transgression.
5. Chronological Data
In order to determine the ages of marine terraces, samples for radiocarbon dating and
artifacts were collected during the field survey. Radiocarbon dating was carried out at
Gakushuin University, and the identification of artifacts was made by G. Ohmi. Archaeological Department, Nagoya University.
1 ) Radiocarbon Dates
Seven radiocarbon dates are avairable as shown in Table 4. No samples were collected
from the Mombasa Terraces. On the other hand, Nos. 1, 2 and 3 were sampled from the
surface of the Shelly Beach Terrace. Though the dates of the order of 103 years B.P. were
expected from these coral and beachrock samples, they show 14 C dates of 104 years B.P.
order, which are similar to those reported in the former work (Hori, 1970). According to
such data, these materials seem to be the part of the deposits of the Mombasa Terraces.
However, from the geomorphological point of view, they, especially the beachrock sample of
No. 3 must be regarded as proper materials composing the Shelly Beach Terrace.
Nos. 4 and 5 are the absolute dates from beachrock collected from the present beach.
Both Nos. 6 and 7 are the dates from shell fragments from the Mida Creek. It appears to be
probable that a small scale fluctuation of sealevel (within 1 m) has occurred during the
period of B.C. 3,300 and B.C. 300.
2) Archaeological Data
Many artifacts, selected samples of which are illustrated in Fig. 25, were found at the
localities shown in Fig. 23. There is no typological difference between the artifacts shown in
Fig. 25 of the present paper and in Fig. 7 and Plate 1 of the preceding paper (Hori, 1970).
They were judged to belong to the culture of the African Middle Stone Age. ca. 30.000 years
B.P., by Dr. G. Ohmi. All of the artifacts are definitely found at the bottom of the
implements-bearing sands of redistribution type (d-, a- and e-types described in the
following chapter). Then the Mombasa Terraces which are covered with the reddish sandy
soils mentioned above would be formed in the age older than 30,000 years B.P.
6. Discussion on the Fluctuation of Sealevel
1) Major Fluctuation of Sealevel
Major sealevel changes which are known from such characteristics of marine terraces as
the thickness of deposits, width and height, etc. (Figs 23 and 24) are summarized as shown
in Fig. 26. At least four major transgressions including the present one are recognized. The
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age of each terrace is assumed as follows: The Shelly Beach Terrace might be 10 3 years B.P.
order, the Mombasa Terraces 10 4 — 10 s years B.P. order, the Changamwe Terrace 10 s years
B.P. order, the Marafa Surface 1 0 5 - 1 0 6 years B.P. order. The older terraces would have
experienced a few or several times of transgression after their formation. Therefore, older or
higher terraces might represent geomorphologically averaged features on which sealevel
fluctuation has been superimposed. It is in this sense that the authors give the name not the
Marafa 'Terrace', but the Marafa 'Surface'. On the contrary, a set of landform units in the
Mombasa Terraces, which consist of coral reefs, might be formed during a single
transgression phase.
No distinct evidences to indicate the differential crustal movement can be deduced from
raised Strandlines. In this area it seems probable that a wave length of crustal movement does
not exceed 100 km. According to Fig. 26, the total amount of each regression is roughly
equal. The maximum height of sealevel in each transgression has continuously lowered
toward the present sealevel.
2) Mode of Transgression as Deduced from the Geomorphological and Stratigraphie
Evidences of the Mombasa Terraces
The landforms and structures of the Mombasa Terraces have provided valid informations
to elucidate a minute mode of transgression. In the former section, the authors suggested
that the formation of a set of landform units in the Mombasa Terraces might be
corresponding with a single transgression. Fig. 24 is a schematic diagram of this terrace
group. Geomorphological features of the Mombasa Terraces composed of raised coral reef
are summarized as follows:
Fig. 25 Selected artifacts found in the Coarstal Plain in Kenya (Sketch by G. Ohmi).
1: Discoidal scraper-like artifacts; one side is convex, and the other side is nearly
plane. Shallow flakings are added to the whole surfaces. Quartzite. Loc. 6.
2: This is a pebble-tool with cutting edges made by flakings of several times against
both features. Quartzite. Loc. 6.
3: Short blade-like flake with a flat striking-platform. Loc. 7.
4: Flakings may be added to the whole of both surfaces in a part of a dorsal
surface. Loc. 7.
5: Discoidal core tool with biconvex in a cross section, and with a biflacial flaking.
Edge is jagged as in a chopper. Loc. 7.
6: Pebble-tool of end-chopper type. Cutting edge is sharp. The original surface is
retained on the greater part. Loc. 8.
7: End struck flake. It is not always distinct whether it has a faceted platform or
not. Loc. 8.
8: Discoidal scraper (?) with flakings added around the edge on one surface.
Quartzite. Loc. 8.
9: Artifact with a faceted striking platform. Vertical flakings may be added two
times to one surface. The striking platform intersects the main flake surface at
ca. 110°. Quartzite. Loc. 8.
10: Keeled scraper which retains a few flat striking platform. Quartzite. Aruba
Lodge, Location is shown in photo 9.
11: Triangular flake tool with a flat striking platform and with a large symmetrical
unifacial flake. Step flaking is observed at the top of one side of the edge. Loc.
9, Sala Gate.
12: Thin scraper with retaining faceted striking. Quartzite, Loc. 10.
13: Thin scraper with a very few flat striking platform retained. Quartzite, Loc. 10.
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Fig. 23 Marine terraces between Kilifi and Malindi.
1: Marginal zone of dissected erosion surface and residual hills, 2: The Marafa
Surface, 3: The Changamwe Terrace, 4: The Ganda Terrace, 5: The Kilifi Terrace, 6:
The Malindi Terrace, 7: The Shelly Beach Terrace, 8: Jilore Surfaces, 9: Ancient
sand dunes, 10: Present coastal sand dunes, 11 : Recent coral reefs, 12: Mangroove.
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artifacts found (see Fig. 25).

Marafa Surface

m
H 100

100
Changamwe Terrace
50

-

Ganda Terrace

50

Kilifi Terrace
.Malindi
Shelly_Beac
Shelly Bgach Terrace
Terrace

0

?f \

I
\

-50

I

V

-100

Past <-

-50
-100

Present

Fig. 26 Eustatic change of sealevel for the eastern coast of Kenya.

-99

Fig. 27 Mode of transgression as deduced from geomorphological
and stratigraphie evidences of the Mombasa Terraces.
1 : Reef limestones, 2: Sands, silts and clays, 3: Gravels, 4:
Implements-bearing Sand, 5: Vector of flourishing coral reef
growth, 6: Vector of moderate coral reef growth, 7: Vector
of weak coral reef growth, sometimes accompanying with a
destructive process, 8: Minute mode of the Mombasa
transgression, consisting of three phases (I. II & III). Phase I;
The early phase: The maximum phase of the Mombasa
transgression when the fill-top terrace or the Ganda Terrace
is formed, but sealevel had been stagnated for a shorter
period. A few tower-like rises or pinnacles and mounds were
built at reef edge. Phase II; the longest and the most stable
phase when the Kilifi Terrace was formed. The fringing reef
was completely accomplished during this regressional stage
of sealevel. The nature of this terrace is the widest fill-strath
one. Phase III, The later phase when the Malindi Terrace was
formed. After phase II, sealevel began to descend step by
step. Stagnation of sealevel will relatively be for a shorter
period. The nature of this terrace is a narrow fill-strath one.
9: Major mode of the Mombasa transgression.
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1) A fill-top terrace which indicates the maximum of transgression is the Ganda Terrace.
This terrace is relatively narrow, but has sometimes deposits of reef coral fauna.
2) The top of several pinnacles or mounds, which are found around the edge of the Kilifi
Terrace, coincides with the height of ancient strandline of the Ganda Terrace. These
tower-like or mound-like rises might be resulted from the effects of a hard struggle with
rapidly rising o f sealevel.
3) In contrast, dominant reef edge rises are of a typical fringing reef type, and their height
coincides with the height of raised strandline of the Kilifi Terrace.
4) Both the Kilifi and the Malindi Terraces are fill-strath terraces.
5) As compared with the Kilifi Terrace, the widest terrace, both the Ganda and the Malindi
Terraces are relatively narrower.
From the above-mentioned, it would be possible to summarize the mode of sealevel
change during the formation of the Mombasa Terraces as shown in Fig. 27. Generally
speaking, the sealevel at the maximum of transgression would have been stagnated for a
shorter period than the subsequent small regression. This idea is able to explain the facts that
a fill-strath terrace or an erosional surface is usually wider than a fill-top terrace, even though
a marine terrace could be formed during the major transgression.
3) Postglacial Fluctuation of Sealevel
The mode of postglacial rising of sealevel might be considered to be similar to previous
transgressions. A minute fluctuation of sealevel will also show a similar phase. The highest
sealevel (ca. 4.5-5 m) may be indicated by the ancient strandline of the Shelly Beach
Terrace. No radiocarbon dating, which shows the age of postglacial high standing sealevel,
can be obtained. However, beach rock and shell fragments show the date of 300—3,300 B.C.
(Table 4). Some facts regarding beach rock exposures and the retreating shoreline of estuary
(e.g., Mida Creek, Tudar Creek and Bandari ya Wall) appear to indicate the recent failing of
sealevel of a few metres. The present sealevel may be on the way of minor descending after
having passed the maximum stage of postglacial transgression.

Table 4 Radiocarbon dates for the Coastal Plain of Kenya.
Location*

,4

C age, years B.P.

Code No.

Elevation

Sample Type

1. Malindi

4.3 m

Coral head in situ

2.

Malindi

5.0

Coral head in situ

27,490 ± 1,300

GaK-4062

2.

Malindi

4.5

Beach rock (?)

25,600 ± 1,100

GaK-4061

4.

Ngomeni

0.2

Beach rock

5,250 ±

130

GaK-4056

5.

Lamu Is.

0.9

Beach rock

2,640 ±

105

GaK-4057

3.

Mida Creek

0.3

Shell fragments

2,390 ±

100

GaK-4060

3.

Mida Creek

0.4

Shell fragments

2,250 ±

105

GaK-4050

GaK-4058

>33,200

* Location is shown in Figs. 22 and 23. Radiocarbon dates were determined at
Gakushuin University.
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7. Discussion on the Structure of Raised Coral Reef and Its Significance
It has already been described in previous sections that both the Mombasa Terraces and a
set of the Shelly Beach Terrace, as well as the recent coral reef would respectively
correspond to a single transgression. Fluctuations of sealevel must have occurred
worldwidely at the same time, and coral reefs would have grown within a limited oceanic
zone under conditions of warm, nutrious. clarified sea waters. Critical boundary of the above
zone might be determined mainly by sea surface temperature (18°C), and the above zone
would have fluctuated with the alternation of glacial and inter-glacial periods. Hence, the
scale and the type of coral reefs might have been differentiated spatially from the lower
latitudes to the higher latitudes. There is no reason why the Mombasa Terraces and recent
coral reef in this area are regarded as the exception to the above mentioned rule. Some
considerations on the formation of raised and recent coral reefs on the Kenyan Coast, as well
as generalization of the coral reef formation will be made below.
I ) Structure of the Mombasa Terraces
The most important point related to the above-mentioned subject is the thickness of
terrace deposits, especially the thickness of reef limestones, and width of coral reef. In the
Malindi area the thickness of reef limestone appears by no means to be 100 m, because of
flowing out of muddy waters from the Sabaki River. In the Kilifi area it seems hardly to
attain 100 m in thickness, because of the influence of terrestrial deposits and original
shallowness of the basal surface. However, it can be estimated as 90-100 m in thickness
(Fig. 24).
The width of this terrace varies from a few kilometres to over ten kilometres. On the
other hand, die width of coral reef should largely be controlled by the original basal surface.
So that, an important point is not the actual width, but the width ratio between the
estimated actual width of the reef terrace and that of the original basal surface or
continental shelf surface. Paying attention to the edge of the Mombasa Terraces, the initial
basal surface of these terraces might be 60—70 m in depth below the present sealevel. as
estimated from borehole data (Hori. 1970, p.34.). The width ratio of this terrace is roughly
at least 70% to 90%. The edge of the Mombasa Terraces seems to coincide with the margin
of its basal surface.
2) Edge Depth and Width Ratio of Recent Coral Reef along Eastern Coast of the African
Continent
Recent coral reefs are developed along the eastern coast of the African Continent from
the Gulfs of Suez and Acaba (ca. 30°N) to the south of Durban in South Africa (ca. 30°S).
The authors would like to give the name 'growing coastal zone of coral reef development',
or shortly 'growing zone' for the coastline between 30°N and 30°S. The growing zone of the
eastern coast of the African Continent is fairly smooth and straight. Coral reefs along this
zone are of a type of fringing reefs, but some of them are barrier or barrier-like reef,
However, every coastline has not always recent coral reefs because of the influence of major
rivers flowing out to the Indian Ocean. For example, the Shibeli and the Juba in Somalia,
the Tana and the Sabaki in Kenya, the Rufiji and the Ruvuma in Tanzania, the Zambezi and
the Limpopo in Mozambique have influenced the development of coral reefs with their fresh
waters and sediments. But in the areas little influenced by fresh and muddy waters from
rivers, coral reefs can develop firmly, and it is in such areas where reefs might indicate some
evidences of sealevel fluctuation in Quaternary.
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Fig. 28 Estimated edge depth of recent coral reet along the
eastern coast of the African Continent (Left).
Fig. 29 The width ratio of recent coral reef along the eastern coast
of the African Continent (Right ).
The width ratio: Rw/SwX 100(%). Rw: The width of coral
reef. Sw: The width of continental shelf.
Using available British marine charts at larger scales, many cross sections of recent coral
reefs were drawn along the growing zone of eastern coast of the African Continent. The
submarine geomorphology along the eastern coast seems to be influenced considerably by
the crustal movement; i.e., faulting, folding warping, etc. as mentioned in Chapter 111.
Therefore, continental shelf changes its relief from place to place, and the depth of the shelf
edge varies as well. Variations in recent coral reef morphology might be controlled by these
submarine surfaces. However, based on many selected profiles, recent coral reefs may be
distinguished from the initial relief of the continental shelf. The edge depth of coral reef is
clearly determined from profiles drawn from the larger scale charts (Fig. 28). The width of
recent coral reef is shown in Fig. 29. The abscissa indicates the width ratio (Rw/Sw) in
percentage.
3) Some Considerations on Edge Depth and Width Ratio of Coral Reef
From Fig. 28 the following conclusion is derived:
1) The edge depth generally decreases from ca. 100 m in the lower latitudes to a few metres
in the higher latitudes.
2) A generalized curve is symmetric not around the equator, but around 5 N.
3) The depth remains nearly constant between 15°-20°N and ca. 10°S, but it diminishes
abruptly from ca. 20°N northward and more remarkably from ca. 10°S southward.
The generalized curve may be divided into three parts: the core (20°N-10°S), the north
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(20°-30°N) and the south (10°- 30°S) zones. This implies the difference in the beginning of
coral reef formation. It is safely concluded that the deeper the edge depth becomes the
older its formation is. and vice versa. The core zone, therefore, may be the zone in which
coral reefs had been continuously formed even during the lowest sealevel stage, hence the
edge depth here reaches the maximum. In other words, the coral reef formation in the core
zone appears to have experienced no changes in spite of climatic changes throughout
Quaternary.
The generalized curve of width ratio is essentially similar to that of the reef edge depth.
The three zones are clearly recognized, and the ranges of these zones are also the same as in
the case of the reef edge depth. But the break between the core and south zones is not sharp.
The axis of symmetry of the generalized curve is around 5°N.
The following may be deduced from Figs. 28 and 29: Recent coral reefs should be
formed during the postglacial transgression. In the core zone between 20°N and ca. 10°S the
growing of coral reef was permitted even in the maximum stage of the last glacial age.
Corresponding to the ascent both of sea level and sea surface temperature, the growing zone
of coral reef formation has extended gradually toward the north and the south. Therefore in
the core zone the total amount of postglacial transgression might be represented directly by
the thickness of reef limestone and its related deposits. In addition, the higher percentage in
width ratio means that coral reef began to grow around the edge of continental shelf.
4) General Explanation of Coral Reef Formation
From the above considerations, the following conclusion may be reached (see Fig. 30):
The core zone between 20°N and 10°S might have permitted the formation of coral reef at
the time of the lowest sealevel, or in the maximum stage of the glacial period, and coral reefs
have been continuously built up within this zone. Therefore the reef edge in this zone nearly

Fig. 30 Schematic model of coral reef formation during the postglacial
transgression.
tQ: The maximum stage of glacial age. a, : Sealevel at time t,
when coral reef begin to build up at a 3 . a2 : Position of isothermal of sea-surface temperature of 18°C at time t{. a 3 : Location where coral reef began to build up at time t j .
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coincides with the edge of continental shelf. The width ratio in this zone is higher (Fig. 29).
The thickness of reef limestone and its related deposits in this zone may be replaced to the
total amount of postglacial rising of sealevel. In keeping with the rising of sealevel. the
growing zone of coral reef formation might have expanded northward and southward. The
extreme range of the growing zone of coral reef formation is between 30°N and 30°S. The
north and south zones of curves in Figs. 28 and 29 are interpreted as the peripheral zone
against the core zone.
The type of coral reef has been classified into fringing reef, barrier reef and atoll by
Darwin. According to the above considerations, variations in types of coral reef are as
follows: Typical barrier reef are formed within the core zone and fringing reef within the
peripheral zones (See Fig. 30). The authors would like to conclude that a barrier reef with a
large and deep lagoon does not permit the formation of the present coral reef on the lagoon
floor. On the contrary, a fringing reef has a narrower and shallower lagoon where coral and
algea are flourishing at present. An atoll type will dominantly be formed in a place free from
the control of land shape, namely in the open sea.
The Mombasa Terraces might be formed in the same way as the formation of recent coral
reef. The width ratio (Rw/Sw) of the Mombasa Terraces is high, and the thickness of reef
limestone and its related deposits attains over 90 m. The Mombasa Terraces are evaluated as
a raised coral reef that was formed within the ancient core zone. The above considerations
should support the working hypothesis which has been proposed by Hori (1970).
8. Conclusion
Marine terraces in the Kilifi-Malindi area are classified into four groups: the Marafa Surface
(80—120 m), the Changamwe Terrace (45—70 m), the Mombasa Terraces (7—37 m), and the
Shelly Beach Terrace (4.5 m). The Mombasa Terraces are a typical raised fringing reef, and
are further divided into three subterraces: a fill-top terrace, the Ganda Terrace (34—37 m), a
wide fill-strath terrace, the Kilifi Terrace (24 m) and a narrower fill-strath terrace, the
Malindi Terrace (7—10 m). The Marafa Surface is considered the highest marine terrace of
Late Pliocene or Early Pleistocene age (see Chapter III). The lower three groups of marine
terraces were possibly formed during the respective transgressions in Middle to Late
Pleistocene and Holocene (Fig. 26).
The Mombasa Terraces are raised coral reefs suitable for analizing the mode of
transgression because they consist of a set of terraces. The most continuous and the widest
terrace is not the Ganda Terrace or the Malindi Terrace, but the Kilifi Terrace. It is not a
fill-top terrace, but a fill-strath terrace. The above facts mean that the maximum stage of
transgression is a relatively unstable phase for the development of wide terrace as compared
with subsequent small regressional phase. A large Mombasa transgression might have three
phases as shown in Fig. 27.
The structure of recent coral reef clearly helps to interpret the structure of the Mombasa
Terraces. The reef edge depth and the width ratio are shown in Figs. 24 and 25. Both figures
may be used to interpret the coral reef formation. Variations in the reef edge depth and the
width ratio of recent coral reef might be controlled by the rising of postglacial sealevel. The
growing zone of coral reef formation is divided into two major zones: the core zone and
peripheral zone. The core zone between 20°N and 10°S might mean the zone where coral
reefs have been continuously formed even at the time of the lowest sealevel, or nearly the
maximum phase of glacial period. Structures and types of coral reef may vary from the core
zone to the peripheral zone throughout a transgression phase (Fig. 30), and the formation of
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the Mombasa Terraces are also interpreted and evaluated based on the same reasoning.

V. GEOMORPHOLOGICAL SIGNIFICANCE OF THE REDDISH SOILS
IN THE COASTAL ZONE
The upland in Kenya Coastal Zone are extensively covered with red or reddish brown
sandy or loamy soils. These sands or loams are known as the Magarini Sands and have been
studied from geological or sedimentological viewpoint by some geologists since J.W. Gregory
gave the name. But they did not agree each other and did not take the process and age of
red weathering into their consideration. On the other hand these soils are classified into a
type of latosolic soils or fermais and are implied living soils under present conditions on
some soil maps
The actual reddish soils seem to have different morphology and modes of occurrence on
several geomorphological surfaces of different ages and structures. Then it is necessary for
clarifing the reddish-soil formation that sedimentary processes of parent materials and
pedological processes are deliberately distinguished each other and relation of both processes
are examined considering morphological and stratigraphical evidences. It seems to unite
geological and pedological viewpoints into a paleopedological viewpoint.
In this chapter the formation of the reddish soils are discussed in consideration of
geomorphological evolution of the zone mentioned in Chapters III and IV. Geological and
geomorphological nomenclature is in accordance with the preceding chapters.
1. Previous Views on the Reddish Soils
1 ) Views of Geologists
Gregory (1896, Chapter 12) found a band of brilliant red sands occurring near the coast
behind Mombasa and traced them to the lower Tana River basin. He named them the
Magarini Sands from the name of a hill to the north of Malindi and regarded them as Triassic
in spite of their unfossiliferous character. The correlation was based on the fact that the
Magarini Sands covered the rock which he believed to be the Carboniferous (nowadays
conceived to be the Permo-Triassic) and, perhaps, on the reminiscene of the New Red Sandstones of Europe in the lithofacies of the Magarini Sands. Apart from the age of the beds, it
is obvious that he regarded the sands as desert sands with partial stream deposits from his
reference to the New Red Sandstones.
He later broadened his definition of the Magarini Sands to include non-red pebble beds
under the red sands and corrected their age to Early or Middle Pliocene according to
paleontological evidence of Hobley's collection (Gregory, 1921, cited from Caswell, 1953,
etc.). Following authors had a tendency to shift the major part of the Magarini Sands from
upper red sands to lower non-red subaqueous sediments, which are equivalent to the Marafa
Beds described in Chapter III. Caswell's definition (1953) of the Pliocene Magarini Sands is
deltaic and continental sands and gravels with bright red part near the surface on the Foot
Plateau behind Mombasa. He separated the Pleistocene red wind-blown sands covering the
Coastal Plain from the red Magarini Sands on the Foot Plateau. He later admitted that the
uppermost part of the Magarini Sands was aeohan which overlay the fluvial major part of the
Magarini Sands partly with distinct break and partly, with gradational contact, and he
suggested that the Magarini Dune Sands were the Lower Pleistocene. At the same time he
stated that difference in colour was not an indicator of depositonal break but due to
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weathering/« situ (Caswell, 1956).
Thompson (1956) concluded that the red dune sands overlay unconformably the
unconsolidated sands, clays and pebbles on the basis of discontinuous ferricrete layer at the
bottom of the red sands in the Malindi area. He restricted the name of the Magarini Sands to
the red dune sands above mentioned which he considered coastal dune deposits of Early
Pleistocene age when the sealevel was about 120 ft (37 m) above the present sealevel. The
underlying non-red subaqueous sediments are separated as tire Marafa Beds of Late Pliocene
or Early Pleistocene age. Then the reddish sands situated on the lower Coastal Plain are
inevitably younger than the Magarini Sands of Thompson's usage. He treated them as the
Pleistocene red brown (wind-blown) sands using Caswell's framework but he showed on lus
map that the younger sands were also on the higher inland plateau as the Nyika.
According to the recent geologists' view on the reddish sands, as mentioned above, there
are two types of reddish sands, one of which is the dune sands underlain by the subaqueous
sediments of Late Pliocene or Early Pleistocene age on the Foot Plateau and one of which is
Middle or Late Pleistocene wind-blown sands covering the Coastal Plain and higher landscape.
The present authors would like to point out important references described rather
incidentally by the original authors. Thompson (1956) introduced that the artifacts which
occasionally occurred at the bottom of the Lower Pleistocene Magarini Sands redefined by
him were judged of the Levalloisian culture (upper Middle Pleistocene) by L.S.B. Leaky. And
Thompson interpreted the inconsistency by an assumption of reworking and re-deposition of
the Magarini Sands. Caswell (1956) mentioned that redistribution of lus Upper Magarini
Sands, which is equivalent to Thompson's Magarini Sands as a whole, might take place twice
in the area along Mombasa-Nairobi road near Mazeras. Those references suggest that the
redistributed deposits are mixed with the Magarini Sands proper on the published geological
maps.
Red loams reported from Tanzania Coast are also on the surface of Neogene sediments
which compose the equivalent landscape as the Foot Plateau in Kenya. The red loams are
not separated from underlying sediments and were assumed as elluvial and illuvial products
by some geologists (Bornhardt, 1900; Rock and Dietrich, 1921; etc.. cited from McKinlay in
Quennel et al., 1956 and Temple, 1970).
2) Views of Pedologists
Some pedologists seem to consider die reddish sands or loams mentioned above as
latosolic soils of relatively younger features. For instance, Scott (1967) classified the soils
into the Dark red to red loamy sands (latosolic soils) on well-drained site, which soils were
derived from sandstone, occurred on the upper slopes and summits of undulating
topography and gradated downslope to the Yellow red loamy sands. On the soil map of
National Atlas of Kenya, the third edition (1970), which map was reproduced from the
unpublished soil map compiled by Scott and Gethin-Jones, the same soil was named the
Dark red loamy sands (latosolic soils). The soils were not regarded as paleosols on the maps.
Similar soils in Tanzania Coast were classified into the Non-laterized red and yellowish
soils on sandy parent materials and included in the category of well drained soils by
Anderson (1963). This classification was partly adopted in the classification system of the
soil map in Atlas of Tanzania (1967), which system was essentially based on the CCTA
classification*. For instance, the ferrisols were subdivided more minutely than the CCTA
classification into four subunits according to parent materials and present climate on the
map in Atlas of Tanzania. The soils concerned were mainly classified into the Ferrisols on
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sandstone, sandy sediments and sandy colluvium on the map.
The ferrisols of the CCTA classification, extensively distributed in subhumid tropics, are
conceived an intermediate type between the ferralitic soils which are the most intensely
weathered soils of humid tropics and the ferruginous tropical soils which are typical in
tropical borderlands. In Ulis context, the Ferrislos on sandstone, sandy sediments and sandy
colluvium and the Ferrislos of humid region chiefly on crystalline rocks of Atlas of Tanzania
seem to be placed on the middle position and the position near the ferrallitic soils
respectively in the category of the ferrisols.
The Ferrisols of humid region chiefly on crystalline rocks are. though their name, partly
formed on sandy sediments. Parent materials of the Ferrisols of humid region in the highest
zone of the Pemba. Zanzibar and Mafia islands are not crystalline rocks but sandy sediments
of Neogene age. The Ferrisols on sandstone, sandy sediments and sandy colluvium also exist
surrounding the zone occupied by the Ferrisols of humid region in the same island. Was the
differentiation of soils on the same strata in an island produced by small differences in
rainfall and/or in texture of parent materials? Or do paleosols developed under former
wetter climate remain on the higher landscape? But these soils were not regarded as paleosols
in Atlas of Tanzania.
2. Characteristics and Occurrence of the Reddish Soils
1) Regional Setting
The reddish soils were surveyed by the authors in Kenya Coastal Zone from Fundi Isa, to
the north of Malindi, to the borderline to Tanzania, including its hinterland, especially in the
environs of Malindi. Physical setting of the surveyed area, which seem to be significant as
present soil-forming factors, are summarized before the description of the reddish soils.
The land with reddish soil cover in the Coastal Zone extends the Coastal Plain, the Foot
Plateau, the Coastal Range and the Nyika, according to traditional physiographic units (cf.
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Fig. 31 Idealized cross section showing the present soil-forming
factors.
1 : Bush and thicket, 2: Forest and woodland. 3: Plantation,
chiefly of palm and cashew nuts, 4: Other cultivated field
including plantation of sugar cane, 5: Clay and silt, 6: Sand.
7: Gravel, 8: Unconsolidated calcareous sediments, 9:
Limestone of Neogene and Quaternary, 10: Jurassic rocks,
chiefly shale and sandstone, 11: Permo-Triassic Duruma
Sandstone Series.
Terrestrial drift deposits are omitted.
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Tab. 2 in Chapter III). The soils are developed well especially on the Marafa Surface
composed of the Upper Pliocene or Lower Pleistocene unconsolidated sediments (the Marafa
Beds) within the Foot Plateau. In the Coastal Plain except the lowest Shelly Beach Terrace
distribution of the reddish soils is rather extensive but selective according to topographic
sites. In the Nyika the soils exist as spots on higher parts of undulating landscape. Geology
of the area is composed of coral limestone and its rags and lagoonal deposits of Pleistocene,
fluvio-marine sediments of Lower Pleistocene or Pliocene, Miocene marine sediments, and
Jurassic and Triassic rocks, which are often covered with terrestrial drift deposits.
Subhumid tropical climate with biannual rainfall pattern prevailes in the area (Fig. 1 in
Chapter I). Temparature is 25° to 30°C throughout the year and annual rainfall is 600 to
1,200 mm, most of which falls in two rainy seasons, that is from April to July (the long
rains) and October/December (the short rains) (Fig. 22 in Chapter IV). Rainfall increases
rapidly as coming to the coast but still less than potential evaporation almost the year over
except a few months in the long rains (Fig. 1). Reflecting the climate represented above,
gradation of vegetation from forests to bush or thicket is clearly observed on a cross section
right angle with the coastline. Cultivated fields extend over the Coastal Plain and the Foot
Plateau and parts of the other physiographic units.
The physical setting described above is schematized as shown in Fig. 31.
2) General Morphology of the Reddish Soils
Morphology of the soils concerned, which is perceived through direct observation of soil
profiles, are summarized as follows.
Colour: Red to reddish brown or orange which are represented as hue of 10R or 2.5YR
to 5YR and medium value and chroma according to Munsel colour system.
Texture: Loam to loamy sand but coarser touch than true texture may be given by ferric
concretions.
Structure: Massive or structureless in general but very coarse prismatic structure and weak
coarse subangular blocky structure are occasionally perceptible.
Consistency: Compact and hard on dry profiles but soil mass took out from profiles is
very friable.
Inclusions: Ferric concretions (murram) coarser than granule size are, if they are
contained, concentrated at the bottom of reddish horizon, but induration is not formed at
all. Ferric mottles, which may be called soft murram, are occasionally contained in lower
profile. Rubbles, cobbles, pebbles or granules of quartz and of hard sandstone are sornetimes
concentrated into a thin layer in a profile. Artifacts in red sandy soil, which are partly
reported by Thompson (1956), Caswell (1956) and Hori (1970), are also concentrated into a
layer as gravels described above.
Profile composition: Thickness of reddish-coloured horizons in a profile varies from
about 0.3 m to more than 10 m. Very coarse prismatic structure is often found in a zone
within thick horizons of reddish colour. Inclusions are often found near such a zone.
Boundaries between reddish-coloured horizons and underlying horizons are rather distinct in
some profiles but are gradual in other profiles intercalating orange or yellowish-coloured
horizons with reddish mottles. The humic topsoil, where it is visible, tends to overlie
reddish-coloured horizon with clear smooth boundary.
3) Classification of the Reddish Soils according to the Modes of Occurrence
Both character of the lands covered with the reddish soils and morphology of the reddish
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Fig. 32 Modes of occurrence of the reddish soils.
a to ƒ are explained in the text.
1 : Jurassic and Pernio-Triassic
rocks, 2: Reef limestone. 3:
Unconsolidated sediments.
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soils themselves vary within some extent as described above. Then it is examined that what
type of the soils occurs on what type of lands.
Modes of occurrence of the reddish soils are finally classified into following six types.
a: Brilliant reddish brown or orange sands to sandy loams with quartz gravels and stone
implements at the bottom and/or the middle horizons of the reddish-coloured layer;
situated on the Nyika and a part of the Foot Plateau, truncating the Jurassic and the
Miocene sediments; less than 3 m in thickness.
b: Red loams with ferric concretions in situ in the middle horizon; gradually changing
downward to yellowish horizon often with reddish reticulate mottles, which horizon also
gradating to the Marafa Beds proper on the Marafa Surface defined in Chapter 111; up to
10 m or more in thickness; where it is truncated and covered with the soil of c-type. very
coarse prismatic structure are formed beneath the truncated sueface.
c: Red or dark reddish brown loams or sandy loams underlain by the truncated ô-type soil
and underlying strata with abrupt contact and downsloping; containing stones and gravels
of quartz, implements and removed ferric concretions on the surface of'unconformity'.
d: Reddish brown sands or loamy sands with quartz grains, pebbles and implements in
middle or lower part of the reddish-coloured horizon; underlain by sands and clays or reef
limestones composing the Changamwe and the Mombasa Terraces defined in Chapter IV:
less than several metres thick.
e: Reddish brown sands or sandy loams gradating downward into the Marafa Beds proper;
truncated by the surface of the lower terraces and slopes along the Sabaki River; partly
overlain unconformably by flood deposits composing the Madungoni Surface (cf. Chapter
III); 0.5 to 3 m thick.
ƒ: Thinly-laminated light reddish brown or orange fine sands composing a part of the
Madungoni Surface
Each type of modes of occurrence is diagramatically represented in Fig. 32 and typical
profiles of each type are shown in Fig. 3 3 . In addition to the soils of six types, a soil profile
resembling the ferruginous tropical soils is observed on a pebble layer underlain by the
Jurassic or Triassic sandstones and shales along the Mombasa-Tanga road near Lungalunga.
The profile has a yellowish grey silt loam horizon with much quartz grains and a horizon of
ferric concretions under the top horizon of reddish brown loamy sands (Fig. 33-;t). It is
uncertain whether this soil is included into a- or (/-type or the soil of the seventh type.
Besides the soil was not observed at other places. Then it is excluded from the present
consideration.
Among the above-mentioned six types of the reddish soils, b and e show characteristics of
sedentary soil profile. On the c o n t r a r y , / i s clearly subaqueous deposits subsequent to the
formation of e, and c is subaerial (perhaps slope) deposits subsequent to b. Both a and d
comprise deposits carried by ephemeral streams or surface wash and wind action from older
reddish soil profiles. But d may partly include sedentary soil formed directly on
terrace composing sands and muds.
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Fig. 33 Typical profiles of the reddish soils.
l:Limestone, 2:Clay, 3:Silt, 4:Sand, 5:Gravel, 6:Rubble, 7: Ferric
concretion, 8:Calcareous concretion, 9:Large mottle, 10:Humic
horizon, 11 :Reddish horizon, 12:Abrupt boundary, 13:Clear boundary, 14:Gradual boundary.
a: Southwest of Chakama, about 60km west of Malindi; shoulder of
a swell in gently undulating plateau (Nyika).
(i Artificially truncated)
ii Orange or reddish brown sandy loam; structureless; very few
rubbles and pebbles of quartz and sandstone; few ferric
concretions.
iii Sub-round cobbles of quartz, sub-angular pebbles of schist,
sub-angular pebbles and rubbles of sandstone and redistributed ferric concretions (ca. 1cm in Max. diam.) with
matrix of orange sandy loam.
iv Orange or reddish brown loamy sand; structureless, few
cobbles, pebbles and rubbles of quartz.
v Gravels as iii.
vi Coarse grained sandstone (Duruma Sandstone Series); thinly
bedded; N 5 0 ° E - 15° to 20°W.
bl : Northern end of Arabuko Sokoke Forest, about 20 km west of
Malindi; summit of flat upland (Marafa Surface).
i Dark red loam; compact; massive but strong very coarse
prismatic structure in the upper part; many greyish white
coarse mottles with irregular shape and sharp boundary: very
few cobbles of quartz.
ii Dark red sandy loam to loamy sand; compact; massive.
iii Light yellowish brown loamy sand; compact; very coarse
angular blocky structure; reddish brown along joints of the
structure. (Marafa Beds).
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b2: Nyali ya Madungoni, about 17km west of Malindi; Summit of
flat upland (Marafa Surface).
i Reddish brown sandy loam; compact; massive; slightly humic
at the top.
ii Reddish brown sandy loam; compact; massive; few ferricconcretions,
iii Orange or bright brown loamy sand; compact; massive,
iv Yellow orange loamy sand (Marafa Beds).
cl : The locality adjacent to bl; upper part of the valley-sides
dissecting the Marafa Surface.
i Dark reddish brown sandy loam; compact; massive as a whole
but strong very coarse prismatic structure near the bottom of
the layer; few artifacts at the bottom; downsloping.
c2: The locality adjacent to b2; upper part of the valley-sides
dissecting the Marafa Surface.
i Reddish brown sandy loam; compact; weak coarse subangular
blocky structure; many ferric concretions at the bottom;
downsloping.
dI : West of Changamwe, about 10km west-north-west of Mombasa;
summit of gently undulating upland (Changamwe Terrace).
(i Brownish grey sand; slightly humic at the top) (Aeolian sands)
ii Dark reddish brown sandy loam; compact; massive; few
yellowish brown medium mottles,
iii Orange sandy loam; common yellowish brown medium mottles.
iv Yellow orange loam; common to many yellowish brown
medium mottles,
v Bright yellowish brown loam; few to common dark red fine
ferric mottles.
vi Dull yellow orange silt loam; few mottles (Changamwe Terrace
deposits).
d2: About 10km south-west-south of Kilifi; almost flat upland
surface (Changamwe Terrace).
i Reddish brown loamy sand; compact; massive; few cobbles
and pebbles of un- or semiconsolidated sand; very few pebbles
of quartz; slightly humic at the top.
ii Reddish brown loamy sand; structureless; many pebbles and
rubbles of quartz; few artifacts,
iii Reddish brown loamy sand; compact; massive; few bright
yellowish brown coarse mottles,
iv Light yellow fine sand; common reddish brown medium
mottles (Changamwe Terrace deposits).
d3: The south side of Kilifi Creek; almost flat upland surface (Kilifi
Terrace),
(i Dull yellowish brown fine sand; slightly humic at the top.)
(Aeolian sands)
ii Light brown loamy sand; compact, massive,
iii Orange loamy sand; compact; massive; few spots of concentrated quartz grains; few artifacts at the bottom,
iv Pebbles of quartz with sandy matrix,
v Sandy limestone (composing the Mombasa Terraces),
e: East of Jilore, about 25km west of Malindi; terrace-like floodplain (Madungoni Surface) and its backslope.
(i Yellow orange fine sand; slightly humic at the top.)
(ii Bright reddish brown sandy loam; few yellow orange medium
mottles.)
(iii Yellow orange sandy loam.) (i, ii and iii may be a variation of
f-type soil.)
-
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(iv Light grey loamy sand; horizontally laminated.) (Flood deposits)
v Dark red loam; very compact; massive; many rectangular
bright yellowish brown very coarse mottles of sandy texture;
few (common near the bottom) ferric concretions.
vi Alternation of bright yellowish brown fine sand layers and
dark greenish grey clay layers (Marafa Beds).
ƒ: West of Madungoni, about 20km west of Malindi; terrace-like
floodplain about 5 m higher than the river-level (Madungoni
Surface).
i Alternation of dark red loamy sand and orange medium sand;
considerably well sorted; horizontally and/or crosswise laminated; ferric film on lamina plane; few pebbles of quartz
(Flood deposits).
x: Northeast of Lungalunga, about 70km southwest of Mombasa;
summit of gently undulating plateau (Foot Plateau composed of
Jurassic or Triassic rocks).
i Bright reddish brown sandy loam; strong very coarse prismatic
structure.
ii Greyish yellow silt loam; many quartz grains; few calcareous
concretions where the horizon is thick.
iii Dark reddish brown ferric concretions with sandy matrix of
similar colour.
iv Pebbles and cobbles of quartz; partly weakly coated with
ferric oxides.
v Dull yellow orange semiconsolidated sandstone; very few dark
reddish brown coarse mottles (Jurassic or Triassic rocks).
(Location of the typical profiles of b, c, e and / a r e represented in
Fig. 21 (Chapter III).)
3. Discussion on the Reddish Soil Formation
Among the six types of the reddish soils in the coastal zone, b and e are
sedentary-developed soils as mentioned in the preceding section. The age of their formation
are infered to be different each other on the basis of the maturity of profiles and the
geomorphic surfaces on which they occur.
The formation of the 6-type soil, which is situated on the Marafa Surface and parent
materials of which are the Marafa Beds themselves, would begin immediately after the
accumulation of the Marafa Beds in Late Pliocene or Early Pleistocene, because the Marafa
Surface was conceived to be the accumulation surface of the Marafa Beds (cf. Chapter III).
Profiles of the 6-type soil have reddish loamy horizons with irregular-shaped grey- or
white-coloured mottles and red-mottled yellowish sandy loam horizons under homogeneous red horizons. Such profiles represent a feature of rather developed stage of intense
tropical weathering as ferrisols and they seem to be in close relation to the ferrallitic soils.
Then die soil of è-type may be correlated to the Ferrisols of humid region chiefly on
crystalline rocks according to the classification of Atlas of Tanzania, in spite of their parent
materials are not crystalline rocks but unconsolidated sediments.
Approximate annual rainfall of the area covered with the Ferrisols of humid region is
1,000 to 1.400 mm according to Atlas of Tanzania. It is almost equal to or a little more than
the annual rainfall on the Marafa Surface to the west of Malindi, where the 6-type soil is
extensively distributed. Besides it is hardly to suppose that the soil of the type is forming
now as discussed later. These facts suggest that the climate when the ft-type soil was formed
was similar to or a little wetter than the present climate. Of course it is fully expected that
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the soil of b-lype which has residual profile up to 10 m thick or more was produced many
times, that is. the soil is polygenetic.
On the contrary, the formative age of f-type soil is, of course it was older than the
formation of the lower member of the Jilors Surfaces, inferable from their thickness and
their relation to geomorphic surfaces to be fairly later than die formation of the b-type soil
and after the completion of outline of present relief with existing valley-sides. ti\at is Late
Pleistocene. Morphology of the e-type soil does not show so intense weathering as b. The soil
of e-type is correlative to typical Ferrisols on sandstone, sandy sediments and sandy
colluviwn in Atlas of Tanzania. It cannot be interpreted whether difference in weathering
grades of the b- and e-type soils is due to climatic difference of formative ages of the soils or
difference of duration of weathering.
The soil classified into tf-type partly includes the soil whose parent materials are sands
and muds of the Changamwe and the Mombasa Terraces. Such a soil would be formed
following the Changamwe and the Mombasa Terraces which performed in high-sealevel ages
of Middle to Late Pleistocene. It is a complicated problem whether the formation of the
(i-type soil took place simultaneously with the formation of the e-type soil or not.
Other reddish soils, those are the soils of a-, c-. ƒ- and most of </-types, are terrestrial
deposits removed from pre-existing red-soil profiles. Transportation processes of die deposits
and fragments of their chronological sequence were inferred in Section 2 of this chapter. It is
confirmed that the deposition of /-type soil occurred when the Madungoni Surface was
formed in. perhaps, Holocene.
Most of stone implements often found near the bottom of the reddish soils of a-, c- and
J-types were judged by G. Ohmi to belong to the African Middle Stone Age culture which
was correlated to the Upper Paleolithic of Europe and West Asia (cf. Chapter IV). Then the
most soils of a-, c- and tf-types including implements are inferred to be deposits of Late
Pleistocene carried by wind action, surface wash, ephemeral streams and soil creep. They are
provisionally called the Implements-bearing Sands in Cahpter IV. The soils of a- and d-types
may include the Holocene deposits as the reddish brown sands at the Aruba Lodge, about
120 km inland from Kilifi, described in Chapter II.
For frequent wind action or surface wash, poor vegetation is suitable. Though principal
cause of declining of vegetation cover is decreasing of rainfall, direct or indirect influence of
human activity may be considered in the Middle Stone Age of Africa. On the contrary
wetter conditions are suitable for soil creep which moved and settled a part of e-type soil.
4. Conclusion
The facts discussed above are concluded as follows:
1) There are sedentary soils and redistributed deposits in the reddish soils in the coastal
zone.
2) Intensive tropical weathering to form residual red soils proceeded at least twice, in the
age following the formation of the Marafa Surface in Late Pliocene or Early Pleistocene
and in the age of completion of outline of present relief in Late Pleistocene. Profiles of
the older soils are developed well. Though it is not confirmed that red-soil profile is not
growing now, sedentary red-soil profile is not found on the younger geomorphic surfaces
than the Mombasa Terraces. Then the sedentary red soils in the coastal zone had better be
considered paleosols.
3) Redistribution of pre-existing red-weathered materials took place several times with
processes of soil creep on slopes, surface wash and ephemeral streams on plainlands and
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wind action over both landscapes. One of the important redistribution periods is about
the Middle Stone Age of Africa, that is Late Pleistocene. The redistribution processes are
rather micro geological processes than pedological processes in narrow sense. But, taking a
broad view, they are regarded as parts of degeneration processes of intensively weathered
red soils, those are processes forming polygenetic soils.
A historic name 'the Magarini Sands', to which a lot of knowledge on the soils concerned
were collected, as well as a descriminative name 'the Red wind-blown sands' , should be
abandoned to avoid confusion. Both stratigraphie names for the parent materials and
pedogenic or pedomorphic names for soils formed on them should be established as well as
confirmation of their ages.
Climatic changes are inferred as follows from the preceding discussion on soil formation
with such chronological data as the relation of the soils and their parent materials to
geomorphic surfaces:
It was a little more humid than present climate in the period subsequent to the formation
of the Marafa Surface in Late Pliocene or Early Pleistocene. It was also not drier than
today about the period of the Mombasa Terraces formation. On the contary somewhat
drier climate prevailed in or immediately after the African Middle Stone Age in Late
Pleistocene when surface erosion and deposition were intensified.
There are two kinds of fragmental climatic history, one of which is, as mentioned above,
obtained from pedogenic investigation and the other is, as partly discussed in Chapter IV,
deduced from marine-terraces evolution on the basis of glacial eustacy. But it is hesitated to
combine them without direct indicators on chronological relation between both kinds of
climatic history because tropical pluvial and interpluvial ages were not always synchronized
with glacial and interglacial ages respectively according to recent studies in the Rift Valley,
for example introduced by Butzer (1971, Chapter 20).
Nevertheless, the paleoclimatic evidences clarified in this chapter enrich the geomorphogenetic history concluded in the preceding chapters.
Notes (p. 107):
* It is the mapping legend of the Soil Map of Africa, compiled by D'Hoore and published
by la Commission de Co-opération technique en Afrique au sud du Sahara (1964). The
present authors consulted not the original but the citation and explanation by D'Hoore
(1968), PuUan (1969) and Ahn (1970, Chapter 7).

VI. SUMMARY
Geomorphology of southeastern Kenya, which is situated in a tropical environment, has
been studied under the subjects of 1) regolith and morphogenesis in the inland plateau, 2)
formation of the Foot Plateau, 3) evolution of the Coastal Plain, and 4) geomorphological
significance of reddish soils in the coastal zone. The main results obtained are as follows:
1) The inland plateau of southeastern Kenya, particularly of the Voi-Kasigau area,
consists mainly of weathered and sand-covered land surface sloping coastwards with an
average slope of 3 - 6 / 1 , 0 0 0 . Although most of the land surface has been considered to be a
remnant of end-Tertiary erosion surface, slight modification of it has continued due to
various morphogenetic processes throughout Quaternary up to the present. In the later stage
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of evolution shifting sheetflood-like flows and wind action in a prolonged dry period seem to
contribute to smoothing the land surface. From radiocarbon dates it is assumed that
redistribution of reddish sandy soils covering the plainland has caused even in these 10,000
years.
In contrast to the coastal region where stepped marine terraces are formed, in the inland
plateau many episodes of environmental changes, including sealevel changes has converged
to an apparently single series of landscape evolution, and no distinct surfaces have been
formed below the end-Tertiary surface. In other words, in this area the preservation of an
old-born land surface and the destruction of it by incised streams of the Galana and its
tributaries have been undergoing simultaneously since Latest Tertiary or Early Quaternary.
Dissection has led to stripping of regolith cover, resulting in rolling plain dominant in
rock-controlled outcrop landforms such as bornhardts and whale-back ridges. For the
evolution of these minor residuals single exhumation theory can be applied.but for higher
residuals towering over the end-Tertiary surface this theory should be rejected. For the
evolution of the latter subaerial reduction of hills accompanying pedimentation has played
an important role, though exhumation would be a necessary step.
Although pediment forming processes have not been fully explained yet. densely-spaced
scarp-foot gullying seems to have played a most important role for downwearing footslopes
as well as for maintaining piedmont angle.
2) Previous ideas on the formation of the Foot Plateau in the Coastal Kenya are
re-examined and a different opinion is proposed on the basis of a general view over the East
African Coast and a semi-detailed observation around Malindi.
The Foot Plateau belongs to a long block running parallel to the coastline, which includes
the Foot Plateau, the Coastal Plain and the Continental Shelf and is divided by faults from
adjacent blocks. Considerable part of the Foot Plateau is conceived to be the highest marine
terrace including parts of fluvial origin. The terrace (the Marafa Surface) was built by accumulation during a great transgression attained about 100 m above the present sealevel in
Late Pliocene or Early Pleistocene. The processes and ages of the formation of the rest of the
Foot Plateau, which is an erosion surface truncating the Jurassic rocks, are not clarified yet.
3) Marine terraces in the Coastal Plain are classified into four groups: the Marafa Surface,
the Changamwe Terrace, the Mombasa Terraces consisting of the Ganda. Kilifi and Malindi
Terraces, and the Shelly Beach Terrace in descending order. The middle two terrace groups
were possibly formed during respective transgressions in Middle and Late Pleistocene. The
lowest terrace, the Shelly Beach Terrace seems to have been formed in Holocene as it is not
covered with the reddish sands bearing implements which belong to the culture of African
Middle Stone Age (ca. 30.000 years B.P.).
From the geomorphological and stratigraphie characteristics of the Mombasa Terraces,
the mode of transgression during the formation of the terraces is deduced as follows:
Phase I: Muximum of transgression, formation of the Ganda Terrace.
Phase II: Long-continued stable sealevel following Phase I, formation of the Kilifi
Terrace.
Phase III: Later phase when sealevel stagnated in a short period, formation of the Malindi
terrace
This inferred mode of transgression is valid to explain the reason why a fill-strath terrace,
i.e. the Kilifi Terrace, is wider than a fill-top terrace, i.e. the Ganda Terrace.
Based on the analysis of edge depth and width ratio of recent coral reef, eastern coast of
the African Continent can be divided into three zones of coral reef formation: the core
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(20°N-10°S), north (20°~30°N) and south (10°-30°S) zones. In the core zone coral reef
has been continuously formed even during the glacial age. It is this condition that has
resulted in a thicker reef limestone and a wider coral reef in the low latitude. The formation
of a large raised reef composing the Mombasa Terraces can also be interpreted based on the
same reasoning.
4) The reddish soils on the upland in Kenya Coastal Zone were investigated with special
attention to their morphology and relation of their parent materials to geomorphic surfaces.
There are sedentary-developed soils and redistributed deposits in the reddish soils in the
area. Intense tropical weathering to form residual reddish soils proceeded at least twice, in
the age following the deposition of the Marafa Beds in Late Pliocene or Early Pleistocene
and in the age of completion of outline of present relief in Late Pleistocene. Redistribution
of pre-existing red-weathered materials took place several times by not only wind action but
various subaerial processes. One of the important redistribution periods is about the Middle
Stone Age of Africa, i.e. Late Pleistocene, and is later than the formation of the Mombasa
Terraces. These evidences themselves and knowledge of climatic changes inferred from the
evidences are valuable to enrich the geomorphological history of the area.
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Photo 2

Klikila Hill and its pediment, north of Kasigau
(scale 1:50.000).
This photograph shows an example of smoothly
pedimented slopes covered with reddish brown
sandy soils and inter-pediment depression (reproduced with the permission of the Director of
Surveys, Nairobi).

Photo 3

Recently removed water-cleaned sands that
overlie slightly hardened ferriferous crust are
found between the tufts. Taken in dry season (26
September, 1971)
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Photo 5

Scree derived from backing hillslopes intermingle with debris produced from weathering of
underlying rocks, northeast foot of the Taita Hills.
Taken in dry season (10 August, 1971 ).

Photo 6

An actual gully dissecting pediment covered
with reddish brown sandy soils, northeast foot of
the Taita Hills.
The head of this gully almost reaches scree, but
coarse gravels are scarce on the bottom which
incises 1.5—3m deep.

Photo 7

Veneer accumulation of water-cleaned sands at
the lower end of the gully shown in Photo 6.
Taken in dry season (10 August, 1971).
Further downslope from here recently removed
soils are dispersed on pediment surface.
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Photo 8

Recent changes on the pediment at the eastfacing footslopes of the Taita Hills (scale
1:50,000).
This photograph clearly shows densely-spaced
gullying at scarp-foot zone and downslope movement of superficial materials due to sheetwash and
partially concentrated flow. Backing hillslopes
sloping perpendicular to structural trend of the
Basement System, 7 0 0 - 9 0 0 m high, are exceptionally dissected by ravines, and alluvial cones are
formed at the scarp-foot. Near the bottom of
photograph inter-pediment depression is found
(reproduced with the permission of the Director of
Surveys, Nairobi).
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Photo 9

Elephant trails radiating from Aruba Dam (scale
1:50,000).
X-' Site of fossils of A chanta africa, for which
14
C dating was made, and a fragment of artifact of
African Middle Stone Age were collected. Narrow
floodplain is formed along the Voi River (reproduced with the permission of the Director of
Surveys, Nairobi).

Photo 10

An elephant trail traverses gully wall, at gully G
in Fig. 15, Voi Pediment. Taken in dry season (29
September, 1971).

Photo 11 An embryo of gully follows elephant trail, near
gully G in Fig. 15, Voi Pediment. Taken in dry
season (29 September, 1971).
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Photo 12

The mouth of the Sabaki River and recent coral
reefs off Malindi (scale 1 :50,000).
The development of recent coral reefs has been
prevented due to the southerly offshore current
loading much suspension derived from the Sabaki
River (reproduced with the permission of the
Director of Surveys, Nairobi).
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Photo 13 Raised coral reefs and an estuary around Kilifi
(scale 1:50,000).
C: the Changamwe Terrace, G: the Ganda
Terrace, K: the Kilifi Terrace, M: the Malindi
Terrace. The Kilifi Creek and the Takaungu Creek
cut across the Mombasa Terraces composed of the
Ganda, the Kilifi and the Malindi Terraces (Fig.
23). The entrances of these creeks show meanderlike narrow drowned valleys, which might be
formed during the lowest sealevel in the glacial
age. Continuity of the present coral reef is broken
at the mouth of the Kilifi Creek. Interior of the
Kilifi Creek, Bandari ya Wali is wider than the
narrow mouth of the Creek. A small valley on the
left hand runs southward and flows out as the
Takungu Creek. The above hydrological evidence
is regarded that the raised reef limestone plays a
part of barrier against smooth drainage (reproduced with the permission of the Director of
Surveys, Nairobi).
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Photo 13
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