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ABSTRACT

This thesis is written in two parts. Part one examines

the environmental setting and the theoretical backgrqun@ to the
evolution of the landforms in the coastal zone éf Lagos, as well
as the characteristics of the geomorphological problems in the
area. Part two which covers chapters four to eight examines the
technigues used in the study of land resource development in
the coastal zone and elucidates the manner in which data were
collected and the use of the data for land classification.
Finally an appraisal of the significance of geomorﬁhology to
physical planning in general is made.

Chapter one consists of a critical ezamination of the
environmental gsetting of the coastal zoﬁe of Lagos in ]
relation to geology, past climatic and sea level fluctuations,
vegetation and soil patterns and sequent occuppance; with a
view to giving the work a sound geographical background. In
continuation of the examination of the envirommental setiing
of the area, Chapter two examines the genesis, the pattern of
development and the spatial organization of landform units inf/
the coastal zone. However, chapter three examines three

geomorphological problems viz: ‘'land subsidence', beach erosion,

poor drainasge and flood hagzards as part of the effect of man's

interruption of natural land form processes.
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With this background knowledge, chapter four describes
in detail the various techniques used in the study of land
resource development in the coastal zone such as sediment

analysis, aerial photograph interpretation and geomorpho-

logical mapping. In chapter five, the details about the

character of the sediments of the area are given while in
chapter six the classification of the land in the coastal

zone into units of distinct characteristica was carried out.
The classification was further translated into a land class-
ification map on a scale of 1/40.000 while a detailed

geomorphological map of the wes?e:p half of the coasgtal zone
is presented at a scale of 1/20,000.

In chapter seven a brief examination of the relevance
of geomorphology to physical plamning in the Lagos Coastal
zone is examined and proposals for how these problems can be

avoided in the undeveloped arcas are given as a counclusion

to the Chapter. In chapter eight the conclusions drawn from

the study are identified and summariséd and specific recom-
mendations are made with special emphasis on the necessity
for geomorphological surveys to preceed the development of
the land in the area.

The appendices are a collection of specialised tech-

niques used in the gathering of data for this thesis.
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Appendix one shows the 1ist of statisticel formulae used in
the calculation of the grain size parametérs of the sediments,
while Appendix two shows the flow diagram used in the
separation of the accessory minerals. The computer program
used in the actual calculation of the units for determining
the sediment characteristics is shown in Appendix thrée. The
1ist of abbreviations used,>areas of beach erosion along the
Guinea coastlands, the explanation of the terminologies used
in the thesis and & map of the various sediment groups in the
coastal zone are shown in,ﬂppendixeé four, five, six and
gseven respectively, while a list of texts read and used

during the preparation of this thesis follows.
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PREFACE

Most of the geomorphological studies carried out in
Figeria to-date, (Pugh 1956); Abegunde (1966) and Jeje (1971)
emphasise the genesis and evolutionary history of some of the
landforms. The few attempts made at the application of the
deductions from geomorphological studies to the problems of

-

land resource development in Nigeria include the works of
Ofomata (1965) on soil erosion in Enugu area, Ologe (1969) on‘
s0il erosion in Zaria and Moss (1968) on soil resources (fqr
agriculture) in parts of S. Y. Nigeria. Except the latter,
the other two works are unpublished thesis submitted for
higher degrees in Universities outside Nigeria and hence
they made no impact on land resource development programmes
in Nigeria. The works of Moss (1965, 1968) associated
particular soils to slopes and landforms, and his works are
gignificant mainly to soil classification for agriculture
(Pullan 1968)., I+t is therefore, the primary objective of
this thesis to examine not only the detailed evolutionary
history, genesis and pattern of landform development in the
coastal zone of Lagos, but also éo apply the deductions from
the character of the land to the problems of land resource
development for settlement expansion in the area.

The study invelves a detailed and critical analysis, and

an interpretation of landform character, with a view to
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deciphering the attributes of the land such as the spatial
organisation of landform units and the nature of subsurface
drainage in the coastal zone of Lagos. The data relating
to each of the attributes have been collected from sources
varying from serial photographs to field studies of the land-
forms and detailed analysis of sediment characteristics of
the area.

The data on landforms and sediment character

derived have been used to compile a detailed geomorphological
map at a scale of 1/20,000.

-

The other aspect of the study is concerned with the
application of data collected {o the problems of land resource
development in the Coastal zone and comprises the élassifica—
tion of the land into units of similar attributes; the
translation of this classification into a land classification
map on a scale of 1/40,000 for ihe whole study area and an
examination of three geomorphological problems related to
development in parts of the city of Lagos.

This aspect of the work involves the classification of
the 'undeveloped' lands into land units based essentially on
the 'convergence of evidence' derived from the analyses, viz:
aerial photographs, sediments and landforms._ The criteria for
cldassification include 1anﬁform, hydrography, sediment

character and vegetation type.

.
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Furthermore, the significance of the applicatioﬁ of geomor-
phological principles to physical planning is considered in
the light of the problems of the scarcity of goodrquality
land and the deterioration in the quality of avai}gble land
in the coastal zone of Lagos. Suggestions are made on how
to prevent the recurrence of such problems in thelunggveloped
areas. The indispensability of the application 6f=geomorpho—
logical prificiples to land resource development préblems in
the Lagos Coastal Zone is made manifeat and cooperation
between specialized disciplines interested in the d%velopment
of land in Lagos is recommended,

It is hoped that the classification proposed as' well as
the map of the aree compiled will proviae the foundation for
the development of a data-storage bank for the land in the
coastal zone of Lagos, from which details concerning fhe
character of each land unit can be derived, thereby enhancing
the understanding of the character ofrthe laﬁd before & com-
prehensive land resource development progremme is planﬁed and
executed. A knowledge of the nature of the 'land problems
in the developed areas, it is hoped, would: encourage future
plamers to take account of geomorphological factors so fhat
such problems may not occur in the same dimensions againe
With the detailed knowledge of the land elucidated by thls

thesis, it is hoped that suitable land areas would be

e e e
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A allocated to fitting land use types and the use of land classi-
‘ L4
E _ fication may have to be an irdispensable prelude t6 lhnd

- resource-development,

However, it is necessary to indicate here that sophisicated

- ,
equipnent were rot available for my use during the preparation
of this thesis. For example, I relied wholly on the pocket

stereoscope for the study of aerial photographs; and the hand

trowel for sampling sediments becouse they were the ones avail-
able, However, the deductions from available eqpipment'prnved
satisfactory and used accordingly in this thesis.

At this point, I must acknowledge the efforts and assistance

of the followisg persons and estcblishments to the success of the

study. First, my gréti?ude and indebtedness go to my Sﬁpervisor,

V-

Dr. Ii. A. A. Abegunde, for his guidance and interest dembnstrated
many times by going out into the field with ge. Even when he was
avay from the Campus for one session he continued the superfision
effectively by post and has thus successfully brought the work to
this stage. 1 owe a great deal of gratitude to him for his words
of encouragement between 1973 and this date, 1 also acknowledge
the interest shown ih my work by thé fAeting Head of Department

of Geography, Dr. I. A. fdaleme when he assumed office late in
1975, Purthermore, my gratitude goes to every member of staff

of the Geography Department for their interest in my work and

for coming to my aid at all times.
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I am also grateful to members of staff of the Geology
Department of the University of Ibadamn, especially Professors
Oyawoye, Burke and Dessavauggie and to Mrs. Bisi ﬁurbtoye and
Dr. Dayo !deleye who assisted me in the analysis 4f the sediments
of the Coastal zome. My thanks go to Brofessor Js R. I, Allen of
the Sedimentology Research laboratory of Reading University and

Dr, G. A. Stewart of the Land Research Division of the Common=-

. wealth Scientific and Industrial Research Organisation, stralia,

and the Military Engineering Experimental Establishment of .Christ-
church in Britain for making some rare documenms on the field of
study available to me on request, !

I must not forget to express my gratitude té Dr, F. O.
Ekogbulu of the Department of Computer Sciences aéd Dri Ei Ai
ideboye of the Department of Mathematics both of fhe University
of Lagos; who were co~graduate students and who géve me their
companionship and encouragement; and to my daughtér OLANREWAJU,
whose arrival into thié family at the time of study gave me a
lot of inspiratioﬁ, and to Patsy for her words of encouragement,

Lastly, my thanks goes to Mr. J. O. Ehiagwin; of College
of Education, Abrzka who helped in the final typi;g and

printing of this work,
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THE_ENVIRONMENTAL SETTIlG OF THE COASTAL
70, OF LAGOS '

This chapter gives a general background analysis of the :
physical environment of the Lagos Coasfa; zone wifhin Nigeria
in particular and West Africa in general. lThe environmental E
factors_anaiysed include, the gpatial extent, the geological
history, the effects of climatc and sea-level changes on the

I
1
H
1
1
|
i

evolution of the coastal zone, broad relief characteristics

I
of the area delimited for study, the vegetation and soil '
patterns as well as gspects of the human occupance and its
consequences, The examination of the factorg enumerated above

follows in the succeding paragraphs below.

1. l THE SPATIAL EXTENT OF THE COASTAL ZOWB

The coast of any place is defined by Bird. (1968), as the

area of land extending from the foreshore to the limit of

merine influences inland and includes for exaﬁple, old beaches,
abandoned sea-cliffs, limit of salinity in the coastol waters,
beach terraces and the limit of tidal movements along the
margins of coastal rivers. This concept aptly describes the
essential character of what should be regarded as the limits

of any coastal zone, becouse most of the coast#l zoncs of the
world have changed over time cither as a resulé of custatic

gseo=level fluctuations or tectonic processes so thot fosgil
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beaches and cliffs may still form part of any cocstal aréa
delimited for'study.

Moreover, these fossil marine feétures retain meny
coagtal attributes such as high level of underground_watef,
ecstuarine characteristics, morine sedidents and cvidences Qf
marine processes and morphclogy. The distribution of saliﬂity
in coastal waters marks the 1imit of marine, braclkish nnd
frosh vater cnvironments, whilc the tidal flood is an efficicnt
mnedium for salinity distribution; From the foregoiag, it 3eeﬁs
that a coastal zone can be relichly delimited by the applicara
tion of this concept. _ -

Apart from the suitnbility of the condept for the
delimitation of the boundarics of most coastal zoncs of the
world, it is also appropriate for the definition of the
coastal zonc of Logos. For excmple, the foreshore arcos
cxtend for about twenty metres into the sca on the Atlantic
coast beyond the active sandy-barrier formatién. The ldimit
of tidal movements has been found north of theﬁb;idgcs over
rivers Ogun and Majidun on the Iagos~Ibadan road, and Vest of
Kirikiri village near Port Novo creek in the %ost. It has
also been encountered as for cost as Moba and even bejond into
the Tpe channel, while the whole of the Lagos legoon gysten is
effectively.coverod by the tidal movements from the sen.

Fossil marine features such as sondy-barrier formations cccur

i

4



in an cast to weat pattern in threec successions, somc six
kilometres inland from the active sandy barricr on the.
Atlantic ocean beach; while the old post-glacial shqre—iine
cut in the Coastal Plain Sands along'fhe periphery of the
Lagos lagoon marks the northern 1linit of the coast; (See
Fige 1.1)

The area referred to in this thesis aé the constal zone
of Lagos extends from about Latitude 6024'N: to 6°36' and l
Longitude 3°15'E to 3930'E, It covers the ; arca of land northil
of the wave-beaten active-sandy barrier betwean Olamn Ibcse in -
the west and Alagutan village in the Bast. The castern-boundgfy
extends along a line passing through the villages of ilagutan,
Ogoyo and Mobz, aeross the Logos lagoon through Ibese, to
Fbute-Ikorodu in the North—east; The northern boundory is
marked by the Lagos-Ibadan road to the Ogun river bridge vhere |
it extends aloné the river to the Ogun/ﬂgboyi confluence at |
about letitude 6°36'H and lonsitude 3°22'E.; This is further
narked by 2 line from the ﬁgboyi/bgun conflﬁenco through
Brunkan, Orisigun, Ojota, Harylend, Osodi, and Isolo. The
Western boundaf& runs fron Isolo, through Ilasamaja, Ijesa
Tedo, Armmwo=Odofin, qyokomaiko, 0jo and to Okun Ibesc on the
Atlantic ocean. The area cncloscd by this boundery ic depicted
by Fig. 1.1.

The arca of study covers about 340 sq. knm. of which over

half is covered by open water, and one quarter already
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developed and settled, while the remaining 100 sq.lh. consist

e e )
d of undeveloped swamps, sandy-berrier formations and elluvinl
I
-'J . 0 *
Except for_ the-area~of lond between Ogudu, Orisigun,
, o

.
- -
; Ojota and Isoloréttlements in the northemparts yhere the

plains.

/' i .
deposits are nmainly ferruginiscd sonds of Plio—Plelstoceno aga,
P' DT
all other areas ‘consist of Holocene depegits, rosulting from
- e i -~

P“ ) f’fluvzal,\lagoonal and mmrlno sedirentation. A11 over thin

T -
M, area.the ‘gonerally low rollof loose sandy deOolt and the
~ . N~ T e

x\\fccurence of, 0 high lovel of underground water account for

- .
] 'z P e
.

, - . th01rxcomnon land-fcm charactcrlﬂtlcs. o
- - s - = T —— T

Mosﬁﬁofvthc ter¥os tria 2l and narine dep051ts ere 1rrhn~ed
. -‘fﬁ.*

in 1ineaf*éﬁst=wcst“patto s-in response to the*dlroctlon of

L

wave approach to the beach whlcEﬂii;iSEEE-wcstcrly-and the
longshore drift which ig west 4o pa;t. —The charactori;;;;
conplex net-work of lagoons snd crecks in this arca is related
to the location of the mouths of rivers Ogun, Majidun, Afe and
the Bodagry creek within its boundaries, while thc wost-enst
orientation displayed by the lagoons reflects the processes

invelved in the formation of the sandy-barriers and ultinately

an cvidence for the phases of sen regression in this oren.

1.2 GREOLOGICAL HISTORY

E The coastal zone of Lingos 1ics along the southorn ond nost
reeent purt of the sedinentary basin of south-westorn Wigeria,

which oxtends westward 4o Drhoney. The sedinmentory brgin of

~. " - """1—-—. - - ThoaFT e

.
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gsouth western Nigeria is clearly shown in the Geological nap

of the aren depicted in Fig. 1;2. Geonlegic and Gppphysical
investigations nade by Mobil 0il Higeria Ltd. €1960) in the
coastal zone, indicated that the subsurface strats congigt of

a great thickness of loose sedinents which ;éached'guﬁopfh of
2,100 netres througﬁ materinls of Crotaceous, Terticry ond
Quaternary ages. It has alsc been docuﬁenfed thet sedinentation
has continued in this area and the other 1oﬁ1ying arcds of tho
Guinen coastlands since the Upper frotaceous transgresion

(Le Bourdiec 1958), (Jones ond Hoékey 1964) .

" Also, the Guinca constlands including the Lagos Coastal
zonc witnessed a downwarping of the bagsenent rocks at different
times and rates., It has becn reported that the grodual sinking
of the Niger-Benue trough (Furon 1959), (Reynent 1964), Wos
followed by a rencwed down-worping of the Coastal norgins of
Wigeria in the Bocene period, (WEDECO 1959). It iz thus nost
probable that this area has witnessed a gradual sinking of the
bed-rock which, apart fron regzional down-warping, nay be due
to local flexure of the continental nargin (Furon 1959}, or
subsidence duec to sedinent lood and/or compaction. Sinilax
explanations have been adduced for the sedinents of the Higer
dolta. (WEDECO 1961), {Allen ~nd Vells 1962).

Since the Holoeene, about 10,000 years aéo, the negnitude §
of sedinentation has been relstively low, as showm by the "

depthoef recent deposits, which in their thickest parts were
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found tc be about cightoen metres thick from the top leyer of
the Coastal Plain sands of the Ikcjo Plains. (AbpgunchIQGG),
Foundetion Bngincoring 1971) . The rate of subsidence west of
the Wiger haz been reported to be very slow (Allen 1964b) as it
is cvident by the inability of the Ogun and Majidun rivers to

£i11 their enbaynents. However, sediment accunulation continues

Jin the lower Ogun enbayment ot o reduced rate as indicated by

the existence of underwotor delios in the_mouths of Ogun and
Majidun rivers and the building of o two-kilometrec peninsular
into the Lages lagoon. These fontures are illustroted in
Fiz. 1.10 oft page 43. If the depths of scdiments given above
iliugtrate the intensity of sedincntation, the prosent rate
geens to be reletively slower than that of the Holocexe tines.
Although there arc throc‘proad stratigraphical-units
dcpictod in Fig. 1.3 on page 9, only two - the Plio-Pleistocone
and Holocene deposits,'liewwith;QAﬁhe arca delinmitcd for this
study; while the third, the Eocenc deposits, do not outerop in
any part of the area of study, but form the ﬁasal bed of the
othor deposits cs shown in Fin. l.4. The Coastal Plnoin sands,
which are Plio-Pleistocene in oge, (Furon 1959); (Joncs ond
Hockey 1964) appear to roat on the Ilaro formation; wvprobably
unconfornably since thero existcd‘some ninor digconfornities.
(Jones and Hockey 1964). However, the boundary botwcen the two

stratigraphical units is norized by a change in the colour of
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the sedinents from oxidised sands on top o} the Iloro foriation
te the coarse greined reddish sends of the Coastal Plain sands,
Although the Ilaro formation is cosentially of morine origin,
the upper layers were‘sufficiently cxposed to atnospheric
weathoring as_tﬁ allow the oxidation of a depth of about four
netres of soil before the deposition of the lowc;'bcds of the
Constal Plaiﬁ sends,

I'ron sedimentological ond stratigraphical evidences it
appears that the sedinents of the Ikeja f}ains of Plio-
Pleistocene age were continental deposits, and were probably
brought there by rivers, Howévcr, apart fron colour chonges,
the occureﬁcprof narine doriféd micro—fossilézsuéhnas
Gastropoda, and Lancllibranchia specics (Roynent 1964) ir the
Tlaro férnation supports the concept of its marine origin.

The dis;eéted cliffs of the 'old shoreline! shovn in Pig, 1.10
oft page 43, rerk the surface boundsry of the Coastnl Plain
sands and that of the Holocene deposits. The depth of those
doposfts-is illugtrated by o borchole ot Tkeja by the Wiroria
Geogical Survey (1960) which went down through the Coastal
Plain sands to o depth of about 10513, before encountering the
deposits of Ilaro fornétion. (Tones and Hockey 1964). This
Plio-Pleistocene sedinents censisi of anguler quariz sonds of
about - }d in diancter, and rounded pebbles of about - Sd in
dinneter, whileo the top 18n. cre ¢oarse, reddish in celeour,

end ferruginized. {(JTones rad Hockey 1964) .
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The Holocene deposits rest on o down-warped basin floor and
gre found to be thickest in the Ogun valley in the north, vhere

the depth is about 18m. They comprise fluvialg lagoonal and marine

deposits. On the 0ld sandy-barrier formmations, the characterisfic
loose sands is about 47m. at the Lagos Race Course, (Jones and ;
Hockey 1964), 32m. on the Lagos Island (Foundation Engineering
1969), 24m. in the Ojo Borehole{Mobil 0il Nigeria Limited 1960).
These contain alternating beds of send, silt and clay which are
combinetions of marine and lagoon cerived sediments. ﬁlso the
differences in its thickness in the two locations indicate the
greater degree of downwarping of the basement in the western than
in the eastern pert of the coastal zone.

It is difficult to build o detailed and rei&able stratigrophy
for this coastel zone now, because of the loose néture of the sedi=- 5
ments, the paucity of Yorehole specimens and datiﬁg facilities.
The éccount given in this thesis is basica11§ to show the physical
charzcteristies of the sediments. However, it is ﬁossible at this
gte~2 to establish that the sedinents of the_Lagolebastal zone
consist of loose sands alternating with clay, alTuvium and peat.

Oné may infer that the alternating thin beds of sand and silt

characteristic of the edges of the lagoons moy represent 'wash
down' from the top of the sand-ridges during their éarly stages
of development. The elucidation of the stratigraphical charac—
teristics of this area helps in the understanding of the land

~ character and may i
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help in the classification .of the 1ang, because areas of thick
beds of silt, peat or alluviuﬁ have been fbuﬁﬁ to be prone to
localised land~subsidence while areas of thic? beds of sand are
relatively stable. |

The atability of any land sren depends not only on the various
sediment characteristics but also on the susceptibility of such aﬁ
area to diastrophic forces, which may either be earth-quakes, fault-
ing or vulc.anq‘.city. As for as the Cosstal zone of Lagos is |
concerned - there hes béen no report of any viéorous diastrophic or
tectonic activity from the availoble liteﬁature; nor are there :
field evidences to support its occurrence, However, there have
been reports of tectonic activity in surrounding areas like the
rupture of the Nige?-ﬁenue trough, the sharp fle;ures in the con-
tinental morgin of tﬁerld basenent féck in Dahoﬁey (Furon 1959)
and the continued subsidence in the Niger Delta (Allen and Wells
1962), which might have some marginal effects on the lagos area,
In other parts of West Africa, reports of faultihg have been é
published, (Le Bourdiec $958), (Burke 1969). The major earth )
movements- along the existing coastal margin duriné the Palaeozoic
and the Oligocene, which gently tilted the strataiinto the
Atlantic Oceon, giving rise to very thick Cretaceoﬁs and
Quaternary deposits (Allen %964).

Recent investigations from all parts of West Africa
support the cgncePt of general earth-nmovements aloﬁ% the

f
i
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Coastline for example Le Bourdiec (1958) reporés the southward
sinking of the underlying shield" in Grand Bassam, Ivory Ceast,
while (Burke 1969) identified two faults in D&homey and a con-
siderable movement along the foot of the Akwapin -hills in Ghana
in the Quaternary. The great thiclmess of Tertiary and Quaternary
sediments along the Vest African Coast put at 1,077 metres in
Grand Bassom (Le Bourdiec 1958), %,800m. in Dahomey (Furon 1959),

2,100m. near 0jo villige west of Lagos in Nigeria (Mobil 0il Ve

‘Nigeria Limited 1960), and in the Niger Delta with a sediment

thickness of about 10,500m. (Allen and Yells 1962); and the Accra
eerthquakes of 1939, point to a fact that the sinking may have
continued up to the present time. l

In the lagos coastal zone the known form.of esrth movement
is thé gredual down-warping of the basement whi?h is evidenced by
thick mantle of sediments overlying the basemenf es illustrated
by the depth of 2,1Q0m of Tertiary snd Quatermary sediments found
in the 0jo boreholeri IR ;

The influence of tectonic activities seem very neglible to
be reckoned with as o fnctor in the evolution of the Lagos
Coastal zone since about 20,000 years B.P,, especially when the
area west of Okitipupa has been classified as reiatively stable
when eompared with the Niger Delta (Allen 1964b), and no visible

field evidences. of tectonic activities was encountered

during the period of studying this area. It is t%efefore
E [

1
T
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posaible to disregard diastrophisn as a eriterion for land-forn

. e
evolution and %itid a factor to be considered for lend class-

ification in the Coastal zono;

1.3. SEL LEVEL FLUCTUATIONS AND PAST CLIMATIC CHANGTS

" The background analysis of the Lagos Coastel zone will
not be complete without o discussion on the sea~level novenents
and the changes in climate which together influenced the
patterns of evolution of the coagtnl landforms., The
sedinentary basin of Western Nigoria has witnessed o scries
of sca-level changes dateable from the invasion of the Upper
protaceous gea in to the Southern area of the city of Abeokuta
(T;mttam 1943, Jones and Hockoy 1964). Evidences of this
transgression include the occurrence of alternating bods of
sand and sandy-shales of Upper Cretaccous age, mown ns the‘
Abcokuta fernation. The details about the location of the
geologicnl formations are illustrated in Fig 1,2 abovq; The
deposits of the Abeokute formintion rest conformably on the
bosenent rock at Itori. South of this town, & borchole was
sunk through the sediments to a depth of 270nm, befere encount-
ering the baserent rock (Migeria Geological Survey 1960),
These sediments have becn identified as of the Denian aze in
Dahoney (Furon 1959). |

- ‘

Before the withdrawal of thc sca fron this area, larse

1

deposits of continentel sedirents were laid down in ﬁnfshallcw

sca', probably due to fluvinl deposition especinlly from the



16

Yowa, Ogun and Oni rivers. {(Seec Fiz. 1.2 for the location of
these rivers.) These noterinls were later overloin by line-
astone ond shalc depositﬂ‘known as Lwckoro formation and shown
in Fig. 1.2 as o thin band sondwiched between the cxtensive
Abeokuta formation to the Worth and Ilaro formation to the
South., These wore cssentially shallow narine tdoposite,
because thoy conbine nmoxine charxncteristics like glouconitic
sedinents and calcarcous naterials which developed into shnles
and shelly limestones now guarried for the ﬁanufacturo of
cernient at Dwekoro.

The regression continucd into the niddlc and upper Zoecene
periods, and was narked by the cccurrence of coorse sroinced
sands and phosphatic beds generally referred. to as the Ilare
fornation. (Jones and Hockey, 1964). The Oligocene and
Mioccne periods were proebably nerked by deep-sea ond oxtensive
sedinentation when the upper sodinents of thé Tlaro fornation
vere laid down. A regressive phose followed'this during the
Pliocene, when continentel doposits were laid down as the
bagal beds of the Coastal Plain sands.

Exigting literaturc cn seo~lcvel chanzes slong this const
refers only to the period between the Pliocene and Zie Upper
Cretaceous, ?his nay be due to the faet that no deteiled study
of the Holocone sgdinonts has Dbeen carried out, ond werhaps
when this is done, nore details would be available about the

character of the Holocene deposits,
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ittenpts have becn nade in. other parts of West Lfrice to
recconstruct the scquence of sea-level changes in the guaterngry
bosed on evidence fron landforn forntures 1like beach terraces,
(Davies 1964) end scdinentary deposite and their struetures,
{(Le Bourdiec 1958, Tr?cart 1962, Slansky 1962). Bvidences
fron londform norphelogy are difficult to find in acreas of
loosc scdinents such as thosc in this study aren, as the
pregerce of river terraces noy not be reliable in arcos of
evident downwarping of the bascmont such as in the Coastal
zone of Lapgos. The reconstruction of the sequence of seo-
level chances in this study arca is therefere Acrive! fron the
origin of sediments. hore norine derived sedinents nre
available in large quentitics, such 2 period is 'tagzed' o
tronsgressive phase end vhen the nojority of sedincinis arc
torrgstrially derived, it is clcasified as repressive phase.
Alsc, the succession of sandy-borrier formations hos boen
uscd to reconstruct the sequence cad pattern of sea=lovel
fluctuntions nlong the coastol zone -in the Qui:ternory, because
the cnerzence of sandy-barricrs has been used to indicate
periods of lower sca-level, as ovidont in the werks of Johnson
(1919), Shepard (1963), ana Zonkovitch (1967).

The downewarping of the boscnent rock in the Palacozoic
and in the Oligocenc, (A1len 1964) was probably responsible
for the extensive sedinentation along the continental normin

of South Western Hiperia, and the fornation of the Dogin in to
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which the continental deposits of the Plio~Pliestocene periods
were laid. The subsequent transgression probably initiated fhe
indented edges of the southern margins of the Un@ulating plains.
The withdrawgl of the sca southwards from this point initiated
the sandy=~barrier fromations which consistzpf Holocene deposits,

Along the lower courses of the Ogun and other coastal
rivers in this region, there are terrﬁces oﬁ both sides of the
valleys which might be the result of river inrcision during a
dry climatic phase, - In Senegal, Tricart (1960) correlated the
periods of regressions and tronsgressions with dry and wet
periods and Allen (1964) indentifies corresponding low sea-
levels in the Niger delta with dry conditions. Also Burke and
Durotoye (1971) stated that during the Pleistocene glacial-
maxima, the Harmattan blew for much longer periods and the
re juvenation of river valleys occurred in South Western Nigeria.
The likelihood of the coincidence of the downwarping of the
bagsement with the fall of sea-=lavel may not be %uled out, but
has not been documé;ted or proved. ‘

Below the cliffs of the old shoreline, tw&iterraces
similar to those of the lower valleys of the coaétal rivers
and consisting of sands with shells -of marine organisms such
as molluscé and anadara species are found. (See Fig. 1.10 on
page 43 for the location.of these terraces,) Theitérraces Seem-

to indicate phases of“the;fall of the sea-level, ﬁpile the

;
'
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occurrence of shells of colearcous organisns in ther confirms
the extension of the transsressica to the cliffs. The heizht

of the cliffs which varies betweon 4.5 metres and 6 netres
indicated the relative position of the sea-level, while bhe
occurrence of valley re-cntronts and inlets onlthop, illustrates
the position of wvalleys which probably predate& the morine
ineursicna.

The role of sea wdves durins the high stghﬁ of the seo in
nedifying the re-erdtrants camuot bo ruled cut, hence the aea
camnot be regarded as o causcl factor but a nodifving apency
in their evolution, The widened re-entrants end the old-
shorecline cliffs arc not limited to the Lagos Cocsinl Zonc
alone, but have been found wemtuards through Olose lngeoon to
Badagry,‘and eastwords to Epc_and_Ejinrin and have been
docuriented in Okitipupe by Ldegoke (1969) and West of the
Wiger (Allen 1964). If folloug thnt the fluctustions of tho
sca—~levels took place simaltopeously throughout the Southe
western Migeria sedimentary bosin, as depicted by marine built
landferns which are cormnion through out the %egign.v_The leention
of the towns noened above can be found in Fig. 1.2 on poge Te

Tividences of sem-level fluctustions can further be sub-
stontiated by the depths of Holocene deposits at varibus
locations in West Africa., For oxample, the orisfrinal hed of
river Volta in Ghana is said to_be 18 netres deen, Davics

(1964); while the original bed of the Queme in Dohoney is put
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at 25 netres IMuron (1959). Davies (1962).,, and Jonco and
Hockey (1964) drew a sinilerity between the depths of the
orizinel beds of the Quone ond Osun, while during a discussion
with the site Bngincer at the bridse over river Ogun in 1972,
it was established thaf the centh of the alluvicl notericls at
that point is over 18 metres. If the former heds of these
rivers nark the former sca-level os contended by Puzh (19542)
and Slansky (1962), it follows that the sea-level hos risen
higher since that time in these places to have producec sucha
thickness of fluvially derived ncterials.

The existence of a Canyon off the coas£ of Lekri (Allen
1965), in the Vestern part of the Wiger Delta outside the
area of study, and the occurrence cf a fossiliferous sandstone
in the continental shelf off fcere in Ghana.qt o cepth of 25
netres and identical with the prosent beach rocl there,
(Bruckner and Morgan 1965), are suogestive of former lower
gsoa~lovels alonz this coost. It is thus beins established
that the Pleistocene ended with o regressive phrse duc to
glacio=custatic fall of the seo-lavel, and waé succecded by
o tronsgressive phase ot the Degimning of the Holocene.

The first retreat of the sca during the Holocene probably
oorked the energence of the Priox' harrier. ?his sondy-
barrier formation can Dbe traced eastTwnrds to Losos and Ikoyi
Islands ond west-wards throuch /Jpapa, Ajegunle and Ojo village

ag shown in Fip. 1.5. Butzer (1964) and Zenkovitch (1967), .
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showed thet barrier beaches ond lazoons in the Quoternoxy
could be associanted with sen~lovel fluctuations. In fact
Zuenner {1961) stated thnt forner sea~levels in the case of
bar and lagoon consts lie sancwhore between the lovel of the
lagoon and the nean elevotion of the bar. -It follors thnt

the forner sca-levels probobly lic sonewhere between the level

of the legoons and the nost adjaocﬁt beach pridges on this

coast, Honce the succession of barriers along this ceast has

bean used to illustrate the vorious phases of sea~lovel
fluctuations. For exanple, if the Prior barrier represents a
period of lower sca level, the Iuner barrier; extending from
Onigbokun, and Ogogoro villages in the wost; breached by the
Lages harbour chennel, and continuing thrbugh the Victoria
Islond, Maroko, Ilado and Mobe o shown in Fig, 1.5., marks
another phage of lower sea level, while the period of the
fornation of the present sea bench nmarked another lov sea-level
phasc. . L
ividences fron vertical profiles in Fig. 1.6, which wvere
cut through the sandy-borriers show a succeséion of sancds,
clays and peat. The scdincnts probably give indicentions of
the varicus deposition cnviromnents in existence ot that tine,
such as narino beds of deep sca enviromment aﬁd probably
during transgressive phases, vhile the beds of clay and peat

nay represent the lagoonnl deposits that usually follow the

regressions after the sandy-barriers have. 'emersod'.



In

23 - L

FIGLS GENERALISED SOIL. PROFILE.S OF THE HOLDCENF. DEPOSITS IN LAGOS
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Thus the systen of sdndy-borrier fornation can be nsed to
detornine the phases of sea-lovel fluctuation§ ir the
OQuaternary, while the series f short tern inundation and
withdrawal can be denonstroted from their stratigrophic
gcguence., i

The previcus paragraphs tond to focus atfcntign 0N B00-
lovel changes in the past, without an examination of the
characteristiecs in fgﬁént tircs, Llthoush the pattern of sea

L .

level changes in the past con broaden the understonding of the
land choracter, the knowlodre of the recent trends would be a
guide not enly to the understonding of the land cheracter, but
to the plamning for land usc snd conservation ﬁcthoda. That
the scn level has risen in rocon? times is a_wéll ﬂocunented
act (Disney 1955), Foirbridse 1960.and 1961, Brunn 1962); and
has been attributed'to incrcased deglaciaticn in the Polar
rogion (Miller 1964, Rusell'1964)- .

On the Logos ceast, there is ovidonece of @ geilersl gon-
lcvel rise derived fron the records of the rate of beach
erosicn, put at o loss of about 600 netres of lead to the seo
betweon 1912 and 1968, (L7DB 1968) and about 2 meires o year
since 1969, (XIO 1969), and the increasing occﬁronqcuqf_wave-
stormas. Althourh bheach erosion hes been used ns an index of
sea level-rise (Brumn 1962, Suartz 1967), the erozion on the

Lagos coast is not causcd by sca lovel rise aloune, hut by &

contbination of conplex hydrodynoanic and goormorphological factors.
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The nost important of these is the prevenfion of the wvest-
east littoral drift by the west nole in the Lagos Horbour
neuth which has lcft the Victoria beach undernourizhod wizh
sands. However, cvidences of Bbeach erosion exist on the
aceretive Light House beach as omnll sandy-cliffs cut in to
the beach by waves. There are olso reports of beach erosion
fron other parts of West Africn (Dod 1969, N.P.A. 1971) (Sce
Appondix V)., This universality of beach erosion in Uest
Lfrien lends credence to Brunn's theory of eustotic ricc of
gsca level as the cause of DLeach crosion in ﬁhis ports.

The ocecurrence of wave-storns along this ccost ig rother
seosonal that nost of the boaches are eroded’ during ﬁhe rainy
seoson.  There is no evidence Tron the tide records of o sub-
stontial rise in the sea level, but the genernl nature of
crosion and the seasonal storngs tend to confirn the theory of
sca~level risc along this const. Alsc the geﬁeral.incpeasc
in the volune of ocean water duc to deglaéiation in the ice
cepe night be o contributory factor to the eusfatic rise in
sea-level and the associated becch crosion.

L pattcrn of sea-level fluctuations in the Qunternary
cnerges fron the analyses above, ond has Been pieccd tpgethef
in Teble 1.2, There is no clear bhoundary recognised betweon
transsrossive and regressive phases, but conclusions werc
bascd on the conversence of evidences fren two or thrcé sources

a8 shown in the tables.
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Zable 1.2 TENTATIVE CORRELLATIOH OF OUATERMARY SEA-LAV,
FLUCTUATTONS TN T COASTAL ZONE OF LAGOS
| M/RING {  SEDIMENT i ERNSTRIAL & | SRBOmiT SE4 LEVEL
AGE LALDFORNS TYPE FLUVIAL LATDFORMS ) TYPED POSITION
RECENT OUTER ALLUVILAL Plains | Sand/silt Pransgressive
BARRITR MARINT SANDS of Ozun/Majidun Regressive
i rivers: e e e
ggig%mw Iiiurago, Orgenic clays and - Sand/silt | Transgressive
e i peat. peat and
Light House; clay
Creeks ; e v s -
; INNFE Marine Sands - Angv_'L::ir cund ! Regressive
i B BARRITR ' L Coarse sonds
' g FIVE COYIRE : .
= LD Organic cla _ Angular ond Tronsgressive
= BADACRY &8 v Orgenic cley
e CRTTES ,
= ‘ —— e
[ PRICE o . o M A AT 111 o
2 BARRIER Harine Sands TRIDACE 11T 2;1;?;;1' Regressive
LOVIR LAGOS . -
. . O 11.. . .
HOLOCTNE | L4GOON OLD fge‘mc tc 4 - Alluviun Tronsgressive
: SHORT LINm {476 peat. .
el CLIFFS il ;
20,000 OLD BEACE iFeruginised sonds . ] " A
§(rears B.P. | TERGACE of the Coastal TERRACT II A .,ngar Legressive
PLIO- Plain Sands orse o
PLEISTOCEIR N Coarse sonds
MIOCENT IKEJA Weathercd sand PETOT T Cloy/Silt Transgressive
PLLTIS stones of Ilaro fine sond
formation




28

& P

1.4 THE LAGOON COASTS OFtﬁggnigE@igé,

Noorly all the studics on the coast of West Africa are
linited to the stretches tqatléro accesgible aﬁd prozimate to
coastol cities. Such stu&ics include to WOrksiof lougerie (1951),
Tricart.(1957), Le Bourdice (}95&), in the Ivory Cocst, Pugh
(1954b), cbb and Hill (1958), Ucbb (1960) and Allen (1962,
1964, 1965 & 1967) clong the iger delta coast, ond Abosunde
(1966) along the cosst of Yesiorn Tigeria. Nonb_of these
studics covers the whole of thclcoast from the %TOSCQMlQQOOH in
the Ivory Const to the Niger deltn in Nigeria, fHoWovor, a com-
parative anclysis of these works shows a sort of similority and
rclotionship in conclusions as to the pattern of disiribution,
charpcteristics and origin of the coastal logoons..

Llthough two main lagoon systoms have been ;dentifiod
in West Afrien viz: the Ivory Coszst Lagoon systém extending
Tfrom Fresco Lagoon to the mouth of the Bandama fivor; apd o
second systen extending fron the nouth of the Mono river in
Togo to the Niger Delta in Nigoriz, (Webb and Hill 1958),
four main systems are identified on the Guinea Coast in this
thesiz. Apart from the twe lasoon systenms nanmed above, others
include the Aby lagoon on the neuih of River Taro in Fastern
Ivory Coast nnd the Ade and Kotn lagoons on the nowth of the
diver Volta in Ghana. The fornntion of the laroons hos been
asséciated with thg]govement of bench-sands alons the conot

X AR ) . .

(Vebb ond Hill 1958). {4
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This has ;iso been suggested by.Kouriatchy‘(1934) and supported
by Bernard (1939), However, the lagoons seemed to have ¢e§e-
loped in recent tinmes during the oscillations of the scaplo#él
resulting fron glacio-custatis:. e,

The Jagoons are associable with the sand y=baxricr formayiops
built across the mouths of coagtal rivers théreb§ divcrting
their courses to directiong porallel to the barriers. This is
clearly illustrated in Figf‘lrﬁ. This fact slsc oxplaing the
perpetuation of the lagoon,. as they receive ffegh sunplics of
water from the rivers. Tﬁe complex nature of the lagoon
systen is illustrat@d o8 vell in Fig. 1.7, and égnprisps the
Fresco, Grand Lahou, Kcta, Dahorey, Lagos and thé_Uestern-
Wigeria Logoons, Of all these, the Yestern Higeria legoons
systen, includiﬁg that of Lagos, extending fronm t@c Dahoney
border in the west to the Niger dolte in the east.ffprnsrthe
largest. It is within this syston, and in the strétegig
position of tﬂ; only outlet for the system into the sca, that
the coanstal zone of Lagos lics, It is therefore nedesaary to
cxanine the physical characteristics of the Lagos lagoon aysten
in as nuch as they affect the coastal zone in generai and land

resource development in particular..

THE LAGOS TAGOON SYSTEM

The nost striking featurc of the coastel zone_of Lagos,
is the net-work of lagoons and crecks of varying sizes and

shapes. The distributional pattorn of the lagoons nnd crecks
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is illustrated in Fog. 1.8, . This system is obviously the largest

"‘\é‘:*@ ~and most complex of the lagoon svstems aiong the west coast of

' f?; Africa. It is unique in nature beceuse of its natural outlet

i‘{' into the sea, whereas other south-western Nigeria 1lagoons,
; gsuch as Lekki, and Ologe lagoons havg no :outlet .

J ”ii The Cotonou canal in the Dahomey (s’ee; Fig. 1.7) was not

A _; completed until 1960, thus making the Lagos outlet the only perma-
\} nent bresk along the 1500 km. coastline bétweeﬁ the River ¥ono to
the West and the Shasha river to the east, The Lagos lagoon also

forms a natural outlet for the coagtal rivers such as Queme,
Yewa, Ogun, Ona and Shasha o3 shown in Fige 1.7, draining an areg -
b of over 25,000 sq. km. (Webb 1960) (Habogunjo 1961).

The chain of islands created by the Lagos system includes

Lagos, Ikoyi, Iddo, the Victoria, Tin can and Powder Magazine

Islands,s The location of these islands is depicted in Fig. 1.13
. i :
and 2.11, regpectively. The lagoon environment created th
!
problem of isolated settlements, which has however been solved

-

AN

by the tuilding of Carter bridge to link the mainland via Iddo
Island with Lagos in 1931, the Five cowrde;creck Bridge ‘to link

the Victoria Islond with Legos Island in 1960, the Eko bridge to

19

link the.mainland with Lagos Island in 1970; while a bridge is.

now proposed fo lihk Maroko with Ikoyi Island across the Pive .

Fi

b T T ey i, s ron b RS Ry TN s T

Cowrie creek, and }

Fo s
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a3 ® THE COMPLEX NATURE OF THE LAGOS LAGOON.
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third one cast of Carter bridse teo link Lagos Isiond with
Okohaba in Dbuto-Mottz.

Another najor charactor of the lagoon environment is the
I ‘

. R ) 0
existence of tidal flats and nnrshes as well as Monorove
. ; 3 SIS

Swanps. These include the Ikoyi Point, Ignnmu,g“fa,.ngka,

‘Marclo, Makoko and the Boriga awanps as shown in Fig. 2.0

Anart fron bein& infested by nosquitocs and othé;_posﬁs, they
forn arcas of settlercnt discontinuity‘within‘tp% mot:opoli%an
oren and soen té constitute o borrier to settlenont cxpansion.
In an enviromnent where land developnent is restricéed by the
hazards of swamps, flooding cnd oceurrence of opén vater, ond
vhore thgie is 2 high denmand for land for building and TO~ |
cronticn, it is pertinent to toke an inventory of such land
arens that are available, o define ther on tﬁo beaig of their
physical and penctic chargetoristics and to gﬁnluatq'thcﬁ fron
the point of view of present and future land use requivcnents,
If this is done, the land attributes would be Imowm and o
purposoful and neaningful ploenming programmé;will be ecay to
exccute. This will lead %o o ronid developnent and the

+
opening up of "new lands". ' .

1.5 CLIMATIC FLUCTUATTONS

& lot of docunents oexists on elinatic fluctuations in West

¥

Lifrica, The works arc cenerally based on inferences from the

study of archacologicnl artefacts and pollen analysis gone of

the nost iﬁportant oncs incliie those of Tricert (1961) in



LA R |

Senesel ond Dovies (1954) in Ghones Most of then digasroe on
L ¥

the correlation of glacisl pord cs with pluv1a1 noviods in

Africa (Tr1Cﬂrt 1961, D= v1c" (196’); vhile gone of thon favour

»’

the centerporachity of plLviLJ Hhdéges and "ea 1cvol rise. Both

Tricart and Callieux (1961) anc Davies-(l964), usod. the tern

T

"Pluviol® aond Yintorpluvial! -0 peoon thunid! snd 'orid! cone
. rp _

dititns respectively without ony preeision. 'Althensi thes

gcholars hnvc been-able -t cstrblish the occurrence of clinntic
fluctuations in Vest Africn, during the Quatérhary, {hey have
not been able to establish their ﬁetniled nnd 50quentia1

. . 1
occurrences. The paucity of ovidénces‘which plaguod their
research is o problen yot to be splved, and i%s effects can be
inferred fron this thesis, because concrete eéidencu about the
clinateas of the past is not ﬁvailablo for use.

However, therc:is no doubtuthat the coisfgl sonc of Lagns
hos experienced clinmatie chs*fcu in the past, %ut evidence has
yot to be found to illustrrte cud ostablish a pr ceiso sequence
of occurrcnce. Lvidence fron sodimentologicaligourcog, such as
weathering, grain structures ond lithology suggdest the occur-
rence of elternating pericds of dry and wet phoscs gince the
sedinents werc deposited. Hence uuch wei; ht Ulll bo out on
sedincﬁtnry.properties gueh 03 sroin structuros, eclour ond
s0il profiles in explaining palecoclinatic cohditions in the

coastal zene. This approcch wos odopted in the Constal zone

of the Ivory Coacst in 1958 by Le Bourdiec and his findinzs

-
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were smtlsfoctory.

The lowest scﬂlﬁcnt utrvtu“ eza?inca 1n tho Cocoiol zone

13 the Coastal Plaln qaaﬂ Vhl“b linﬂ conformablv on thc oldcr
e :’Fu ,-'-” "! N

e f .

h
1

Ilaro fornation{ lhe bore hul“‘uerU”h the Coauuﬁl Plﬁln

i f | Lo

sonds at Ikeaa and 1u3h1n, (avc Ll o L. 3 for thu boroaolo

' I
loca tlons) by the Jl gorian JOJlO’lC&] Survey (1900), zhowed
alternating beds Of endy~cley ¢ Tnu clayeyusnnd in the lower
30 notres. The next 3 nefres shoved a bed of gafbonized wood
and clayey brown ;oils, whilc the upper 60 nét%es shoved
vorintions of coarse sand, silt zud pebbly sand. {Sec Tig,
1.9 below). The lower bed of sandy-clay and clayey-nand im
interpreted as belonging to o nnwrine enviromrent, becnuse clays
with pnicrofossils espeociolly ostrochoda are associcted with
narine cnd subnorine environreunts ﬁReynent 1964} . The leyer of
cerbonized wood ond clayey brewn deposits illuSur: es vericds

. . - R . !
of hunil elincte when thick vegetation grew over the 1mwine

deposits. The brownish _colowr of the sediments is a result of

he précipitation of the ircn and alluniniun eéxices in the
g 0 - 4 I
deposits by acldulnted roin woter after exposure.

1

The pebbly sands found in +he horizen between 20 and 60
netres in depth nay be depo osits of fluvia llvhderlved sedinents

during o period of relativcly dry elinmate, The.upnor 20 nmetres

layer of ferruginised sand is genc rally ﬂSS“Clut xd writh the
last phoses of the last slrcinl rinxina, when clinatic con-

L N
ditions were fenerally dry. Thus tuo sedlinents nay be regsnrded
|

v
i
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a2z continentally uerlvcﬁ, but the weathering ?nd indurption are
. . .

: o gz b . .
cvidences of post-depositional cltérnating hlrld',nQ ¢ry clinatic

: : . ' ‘. '—,“‘-_
conditionsy The continontnl orisin of the sedinments of the

upper horizon consistinz of pobhly sands is further illusirated

i

by tho oceurrence of ongulor gTains of sand anountin: tc about
. U |

80%. Thls is ov1donce of vcrv WOTL transport nedlus vhile the

oortlnr coefflclent of 1. 4¢ ond une low oncrgy gorting cnviron.

nent could be qn cvidence of rclﬁtlvo arldlty whon LhO nout

cffoctlve tronsportlnr nfenu wag the riverd. Thig confirns

the continental origin as well os the prevdlenCG of dry con-

ditions during‘the pericd of the . depooltlon of the upper
hor17nnﬂ nf the Coqstal Plain’ uunds in the 1 te Plolotocenc
T

neriod. ‘ l

Tricort (1961) agserted that Seﬂ-lcv01LChun'@“ nI'e GOl

t

tenporancous with clinatic fluctuations becduse. of the risc in
tomporaturos which 1v'"cncrh11v concOﬁlttant tlth deglociation
ond subcequent increase in the vpluﬂe of sea watcrAand rise in

sce level., Consequently he argued that = dry phase a5

i

equivalent to a regression and o wet phase to aitrnnsggvssicn.
i [

This hos been further supporited clong this const Ly the cocur-
I

rence of o dry-phase durings the nexinun Uiscdnsih or ‘Marn
Gleciction (Allen 1964) durin; which the pebbly < epo ts of the

upper Orun va%}ey vere deposited. (Durotoye hndxﬁu:ke 1971).
Also durlnh this dry phese, nozt of the coasthl fivcxs_rc-

juvencted their valleys and cxicaded their nolths 'as canyons!



37 %
B Fig 19 . '
SKETCH SECTION OF THE COASTAL PLAIN SANDS AT IKEJA
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to thc sea~lavel, which werce then in the area of the proescnt '

continental shelf, Allen (1964), Burke (1971). It is thus:

probable that the rejuvenntion of the valley of river Cpua to

o depth of 18 metres fron its present flood pluln, as corried

- . ‘
out during this tide. , ?. !

On the b351ﬂ of tho hssovi T \h.of the fell of seco-level

"

nlth dry cllnotlc.phaSOﬂ (.ri srt 1961) ﬁnd illu,tr"teﬂ in the
. Lrg i-'f-,.‘ "‘l

aove, 1t 13 p0331b}e ﬁo catoblich

'

;:l‘;, }il 4

txl zonc of Lapos a8 ghown o

thot thore were poriods of nerlod cliratic chances, beireen upner
P h 1 £

L

L
Pleistocene, through Holoccne "o the recent' times in thig arca.
O 1 , LAeEs 1 Ll

This agsertion is bagerl on the ovidence of the conterporcenity

of the building of sandyg~barricrs and the odeurrcice of low scae-

level as advoeated by Zuonner (1961)-Tricart}(1ﬁ61} and Shepard
(1963), a8 well as the cedwrrence of'rejuvcn&tion in the valley

angunied that the of ench
!-
o pericd of ankcd ery ph“

I
with periods of lov sco-level.

of the coastol rivers. I3 ism sroyth

sondy-barrier represcnts o ¢, becouse

sandy-barricrs are’essociatcd’

.
) . . ' . Yoo
Since the period immedintely following the end o the

naaressions dﬁrinx which the

P101utocone wos rinrked by tra

zon
l '
aced 1n the r"' 1n.l surfoce

P;u. 1 10 nago¢3 were cut this

indented old shere line cliffs for
of Ikeja Flains and depicted in

period could be regarded os o thot of seo iCVok‘ri$o vhen,.

according to Tricort (1961) hizh teriperaturcs oiddd the declacia-

'

tion of the ice-tnps in FPurope and t1e volune CL ocn.n water

increcsed. " This-.period hag bhoon referred to ng e "rot phage"
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Tricart (1961). The builiins of the Pridr borricr shova in

»

Piree 145 page 21 vipht h"vr rogulted frnn the fa11 of ihe sen-
lovel that o ucceoaed tbu cerl T 'c whnch "ccnrr ing ke o
[ C & - lﬁ' 'y“'j"‘
Tricort's clagsification wag o 'dry clqutlc phug The

ner;on ootwoen tho OHLrﬂonco_oP mnq Pr}or b?rr%or g

wot

‘ S e
o noriod of hish goa~lovel =1~h e rogard

phege, while the enercence of the Toner ﬁarﬁior ant tho gube
seguent bgildind of its borm niskhs have qccurrci ‘ring another
ary %héso{ If this pattern i ca rcful’y follnvcﬂ thhre would
cnorte at least fwe péricﬁs ench of wot aqd dry clinctic phracs

respectively in the coastal smono of Liagos from'oarly Ounternary

to tho prezent tine. The prcsent tire seens tb ve o hunid
noried, as shown by the amcunt of cnmal prL01“1tﬂt10n fron

e 2 e . . e . TR b e . . .
rein received in Lasos, the senerally higher termeoratizes ns

well os the rizing sen’ lovel “illustr ro 37 by ccas ol ercsion all

s,

El

over the world.,

i
L%
4
'
L

s

The socquence of clinatic chenges attenpteﬁ _bovo is not

-1

cnnclu51ve, bochuse it r

'VOlutlon;{astthe 1i LR

4

- : o
a previous barrier for cmonple cqnnc+ bﬁ ruled out. £ nere

. 1
rclinble cv1reqco een be deduend Tron the strhﬁirrnnhm fa

24

ond flora, ond the ﬁ*e of thg Fonovﬂts which unforuuahtelj were

0 - M
e

witvailcoble during the covirse’ of wfitinp thisg +]os 5. However,

the sandy~borrior hypothc Lho rejuvena tlon oP river~

L . . . »
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5 . _ - ) , by, _ . _
valleys in the coastal zond of Lngos are "observed evidencas"

¥ .

of
the clinatic changes in the locclity during the Quaternary.
Until a'dated classificotion is nade this can however be used

tentatively to illustratc thq.palaoocliﬁatip history of the

arca, with o view to sscertzinin~ its offcets on the evolution

of ita landfornsa.

!
1 |
4

lecorded data for the confenmornry clinnte of the oron
' . ‘
cxist fron the beginning of the "coloninl era®, arcund 1360.

The records illustrate the generpl humid mature of the clinato
: . Hat A

gince the beginning of the 20th century.: Fherc hos Teen a

generally hiczh anount of rainfell with an;avérage of eboutb

. . o . ¢
1700~1800 mn, per year, ond high tenperatures averaging 307,
I

The preveiling winds include the pouth-west monsocn, vwhich is
I

Bast Trade

. . . - Lo
douinant neinly fron April to Wovenber and the Horth
Yind, which is: doninant fron Doceriver to Merch every yqér;

N . i - - - 3 . - ‘c -
The southiest nonscon is raritine in origzin ant it is -
-, {4

e

roinbearing while the rorth-ecastorly wind ié cbntinontalhin

origin and is rolatively-célﬂ and dry. ‘Thé raény'ﬂbﬁths include
Moy, Junc and July for the firstrgaxiné, wh?lezthc soccond hegins
in Septenber aﬁd'énds in Wovenbor. There ié'a ghqﬁt dry'season'

. . * 1 “i' » L *
coastal area capecinlly in the nonth of April the vindforce is
i
greatest, genorally betveen Beaufort 6 ond 3y wﬂilo_during the

rains itself the forece of the wind varies betwecn Beaufort 4

b ;
and 5, The effoct of the intensity of the wind ig the extensive
l i
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beach erosion which occurs along Victofi% beach during this time,
and the erosion of the beaches remain doménaﬁt during the heavy ‘
rains when the diregtion of the wind is b@th gouth—westerly and |
onshore: and hegvy surfs break on the 100%e séhds. However,
during the period bwtween December and Mafch,lthe bééches are

generzlly accretive, largely because the wind{is offshore at this

time, - Thus, there seems to be & form of ciOSe‘relatidnship

between the windsystem and beach dynamics.% This will be further
1
discussed in greater details in Chapter Two., -
. t L
The effects of climate on the landfon@s and therefore on

the charecter of the land include the characteristic deep weather- -
ing profiles, the increasing develooment of mineral aggregates

such as concretions, and the dense vegetation cover associated
: +

with the development of relatively mature sail profiles, The
‘ T
humid climate provides a good habitat for crabs, worms, and

bacterias ete, which aid the decomposition and aeration of the
deposits, The torrential rains maintain a constantly high under-
e
Lo ‘
ground water level which accentuates the incidence of flooding in

the lowlying parts of the coastal zone, !

1.6  BROAD RELIZF CHARACTERISTICS OF THE AREA

v i
The coastal zone of Lagos is a low-lying area with altitudes

ranging between the sea-level on the coast to dbout 31 metres
L

around lkeja and Ojota in the north. ;
A

¥

The relief features in thiz area canhot therefore be dis-

. + '

tinguished by their altidudinal differences as the area can be
|

P
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o
regarded as a gently sloping constal plain. | However, o voriety

of landferns con be found in the area as shown in Fig. 1,10

I

below. PTarallel tc the soa cozst are three sandy-barrier

fornntions separated by castewcst flowing creckg. The heisht
. v

of tho sandy-barricrs vories betwecen 1 metre near the prosent

becch to about three netres cn the oldest b@rriér in the north,
Worth of the sandy—barrier,forgations, o low sandy plain cxists

- . L4 4( - . -
in the arcas west of Amuwo, Itire, Iéolp and east'ofﬂokoko@aiko,

while the north-eastern nert ncor 0jota, Crisisun, Syunkon,
. | :
Ebute Ikorodu consists of north to south ridpes separcted by

decp embaynents occupied by short streams. Along the edses of

I
i

the lngoons especially where the lagoons haYe retrented, swanps

of varying dimensions and depth cxist, such'as at Borign,

University of Lagos,_Iipra,'Iggumu, Naroko,iOﬁup Vallcy,
Parlewabay and Makoko. Also, tho odses of - the swarnps and
ocensionally the lagoon beaches arc narked Ly necar-veticnl
cliffs in two terrdces which rqﬁéo batwoen fouf'an@ Tive notres
in height. This line of cliffs‘is'what hasgbeeh previously
deseribed as the ola ghore-ling, thé brigin;of %hich hnd been
cxplained enrlicr in this chépfcrgr Mofe degailé_absuﬁ the
genesis and charactoristics of thoso lanﬂfn;ms ﬁil; be discussed
! o
in chapter twp as they are nenticned here,mércly og aspocts of
the relief features thet resulicd fron the inté%;ction of the
various onvironnental factor; hitﬂcrto disc@sse@. Murthermiore

they ropresent the oxisting londforns in the coostal zonc of
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Logos, whose detailed cxarinntion forfis o part of this thesis.

The pain rivers draining in to‘tLo %ren include the Cwo,
Afa, Ogun and Majidun (scc Fir. 1;10)[ They fiow fron the
highland arcas cf Vestern Nigeria north @f the coastal zone.
The orienfation of the sandy-barricr éysfeﬁ alony: this coast
has largely aided the diversicn of thc rlveru, such thet they
flow porallel to the const os. cieoks for ﬁarious distances
before entering the sea in the Laszoon cutlet near the Victoria
beach. Such crecks include the PprtoiNovb and Bodagry crecks
end the Five cowric crecl; for thc_OWq‘ana Ogun/ﬂajidun

oo

drainose systen respectively. Hore kﬁowlédge about the 1land
in the Coastal zone cen be acquired if an exaninntion of the
vegetation is aneong other things, an ihd@# of the z0il character

L ' i ’ -
end the s0il cheracter to o ;reator'ex&enf ig on evidence of the
processos of evolution. The sgcgeediné paragraphs describe the
vegetation and goil patterns in this Coastﬁl ZONC.

1.7 VDGETATION AND-SOTI, PATTHRIT .

|
Both the wesetation and seils in n 1o st;partq of the cocotal
zone refleet the waterlogred noture offthe environnent, such
ﬁmtrwstoftm:smlug m.ﬁyanm%rsmﬂy the ense no
be, while the speeles of plants thot nnkc up the vogetation are
esSénfihily aquatie in nature. This geneéal pattern con he sub-
divided into a saline zone, corrising %he outer-barricr for-

nation adjacent te the sea, o brackish zone, "comprising the lond

arcas periphcral to the losoons es p901nlly south of the Prior

i , .
I I :
1
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L

berrier, and o fresh woter zonc ihich consists of the O/ '

IS '

Hajidun flood plains ond locations innediatcly scuth of then,

as woll as the flood pleins of Afa, Owo and.the Yeun rivers.
P oy
Ench of the zones supports dlfferent bt relotod types of
5 ut r
?

vegetotion which 11lustrate the plant-scil relationship in thia
b A A . i -
arco. Yor exnnple, the nost scline part, that is on the Outor-

Jborriecr fornation, is gonerally colonised by creeping plants
rornatio ‘ - SRR ,

idontificd ns Parspelun ond Phocnix reclindta, while the less
Bace 5
- 1
saline parts of the barricr Fforrntion arc ‘coldndised by o low
srass knewn as Ioperats  Cylindeica. In the brackish zone which

s r s,
ecnsists of swonmplands, Rhyzonhoro racencsa invades up to a

depth of one metre of water in the edses of the losoons, whilo
Aveeinno nitida ocoupics the intertidal zbores. Thesc snecics
. 4 i

X ’ - X u ! - )
have an exenplary cdeptability to this environneat beoausc of

. | ; - " .
the net-work of pneurntophores which they develep fexr brenthing

. . . vl :
purpcses in the aguatic zonc. Sketeh scetions across landform

N 13
units showing vesetation guccessicas are?&epictod in i, 1.11,

i
2 e

In the succeding beach plains behind the line of fvocinnas
. ‘ o .

-

Iponen

[

HEilkdscus tillacoous, Fhoonix zeclinata, Rophin nitida an

, j |
Coriga, grow in that order %o the top of the dricr beaeh ridrocs.

Also in the fresh water enviroaromts, gimress articulotun

occupies the intertidnl or wolher flooded areas, vhile narspalun

vazinatun and ferns form the specics of thé succeding zone as

T
. - - ' ' ! ‘' .
shrubs ond' = nixture of paln trces and ‘woolls form the hisher
!

I

forcst cover. : ’ :
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The succession of plant speries seens to refolect the type
of soil on which they grow rathcr than any other environmental
factors. ‘Apart from being an aquatic plant, the Hangrove species

‘have been classified'into salt-water. and .fresh-water snecies in

L]

. | '
other parts of the coest of Migeria (Keay;1949); in Surinan;

(Pons 1963)—an& in fustralie, (Birdr1968)} It seeris that the

- doninant factora responsible for the eccurrence of this type of

i
vegetation arc related to the 501l conditions, because they

have been found largely in saline and br&ckish goils and
i
dininish considergbly in fresh water enviromnents., Also the

succession of plant sfécies:f@pg the lagbon‘ﬁeachgs up to the
top of the beack ridges as shown in Fig.fl.ll reflects the
decrease in the salt content of the soil; A corparable pattern
is that of succession of plnﬁt specics ﬁromﬂtho sea~-shore into

the hinterland in a south-north axis. The existence of grasses .
R
) '

of a variety of specice and date palms with fibrous rocts on

the beach ridges scer to be on adaptatidn to the loosc-sandy
; ;

soil. Sinilar sandy soils hove beon knpwn:to carry grossland

vegetation as in the Sevenneh zones of Wost Afrien, (Adejuwon

1970}, but the specics of grosses is cesentially an adaptation
I

to the soil tvpe. In general therefore, tﬁe distribution of

vegetation in the coastal zone of Lagoé, rélates c¢losely to the

3o0il type. . é
N 1
However, in his analyais of the d%stribution of grossland
vogétation in south ﬁestern Timoria Ldéjuwgn (1970) dimcussed
N . ¥
} 1
; .
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the exigtence of grassiand vegetotion. on bbach ridoses and

&

nangroves in the depressions. This also hhs Yeen noted by
. f
Pugh (1954b) and was recognlzcd during the course of tho field

, ER .

work.for this thesis, Thus, portlcular types,of vegetation are

-

associgted—withrunits of landforms, as:iliustrmuod Ty thc oceut-
rence .of ‘grassland vegetatidn on boach riégasaandnlocétions higher
than the level of the highest -tide, and b§ vﬁry thick elusters
of Paln Qrees and Coconut trocs which 1rc cultlvnt od on sondy
bench-ridges. Arens thot are peripheral;to'ﬁhe 1agodns displey

, . ;
vory thick vegetation cover, usually of ﬁangrove sncelcas and
Palretto palms:and en the hizhor and moré mature tnduladiz 1z
plains in the north, low bushes grow. Oﬁ aérial piroto raphs,
the tone of the photographs is gchgrally llghtcr cn the beach

ridges and darker in the depressions, whlch illds ratc the
i

rolationship between vegetation den51ty|and-1andforn tyne in

the area. Thus the rclatlon°mlp bctwecn VGFDtat on and lande
due .fo

forn can further be deronstrated aﬂxland-forn/ oil charachor.

8011 formgtion proceau g in the seﬁibentary arcas have
been classificd into 'geogencsig! and 'pedégcnesis’ (Pops 1963);
.geogenesis includes proccsses of physi%al sedinentatlion, which
arc essentially'within tha scone of ge%mor@hology. Pedogenetic
processes include both biological and éhemical proccaseg ol ter
the soil had:becn exposed to a IOuphOrlc weathering.

|

The Tole of vegetation ean Do rocognlded ag assisting in

+

the reclamation of swanps throush the @roCesscs of colonisation
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' F 3 ¥ .~ -
of swanps and lagoon odéos hir rangroves, snd 1n!a101 y; the rapid
rate of soil forrotion. The ncn"yed orgﬁnlc rﬁtt Sron The

vogetaticon encouragos thd westhoring of fhe i‘ as veil oas

" the supply of hunus colloidslgoce-, ary for tho dC“OlJD”Cﬂu of

i

soil n~ggregntes.. | q ‘ BT
it i o 3
However, the vegetation pntizrn is mot onlv o wofleetion of

the relicf pattern but also of other cnv1ronrcn+nl factors in
the arpq};:Thiqﬁisﬂbecause the‘pﬂ*ﬂ"otcrs,ﬁn4luﬁn ing ito
patiern of distribution vary fron dirept pe}ieﬁhinflgonce to
planﬁ/ﬁoil relationshing, ~ad olzo %o relief ond soglgrolmtion—
ship,rso that the pattern enn only be cxpleined os coplogicel

)

rother than due to o single factor. For th? purposcs ©f
identifiecation for 1and clossifiention, tbelrolu of rolicef ag a
dorinant and casily identifinble factor in ;his coagtel zone

is indispensable beeause, althovgh plant volried with chinages in

he soil type locally, the genersl di strlbu%icnc pottoern

|
changes in relntion to relicf units. ‘.

. 3
ost of the soils are irnoture because botk the chemienl

and biclogicel processos aie ir the early s% gés of devclopnont,
They nre eithor swarpy, ohrdy cr olluvial 1I n#tvre. Sinece
they are irmature they are subkjoet to chang%s in relation o

i :
cnvironmenﬁﬂl attributes such oz 1ovezont of 3011 untor, and

in vegetation tyne. L4t prosent zoil forr ﬁi n.is o Teaturc of
NI } | ’

the beach ridges wheré soil profile developnent hes boon

operating, whercas in the depressicas and on the boach plaing,
!
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gsedinentation iz teking place as o result of anmuel cr dedly

flooding by river and/or tidnl flooda. ﬁs}the corprossibility
R . I. -

ratic of the soils is relatea'+o,+ho water;con*enu ~g well as

50il texture, there is the ll]“lll“od that fhe élluvial anaG

swarpy tracts occupying the devrossions, which held o lot of
. ' . i-
water, would be nore conpressible than tbbl ngse sonrse-groined
!

candy soils on top of the bench rideses ond 1n tge highor parts

' i Lo
of the boach pln ving which are well--draincd  and nore ccrpact.

‘ . ; »
L] . i e l‘,r

L ¢ . - .
Fig. 1.22 illustrates profile!soc ons across secue of the soils
I 1
1

on the land forrm units. '

LY

Thus the 1dent1f1c~t103 and 1ocogn1t1?n of ~oil‘typos woul.d
aid the identification of potentially conpressible noiis; but it
iz not encugh to rely on the ~enercl outlo@k of ths scil fron he
point of view of vegetaticn types or land- forn unite 13 clngse

I
ifying them{ rathor it is ncccssnry to oxamine-thc chornctoristics
of each soil;type te confirm ox reject theihypothc-L- obove.
This is one of the problemz to e ﬁlg.lpbdllp ciieptor five

3f:each of the

.,:-sw,

landforn units arc analyscd.
In general, therefore, bLoth the soil dnd verotalion patterns

con be said up to this stase to refloet the charactoristics of

' b
the landforn on which they cxist. Hore recently formed beach

ridges consisting of essentially Yoose sandy soil, sre found to
‘ | ; ‘ .

1
support grosses with stands of Paln » While; the clder Inner and
Prior barrier formntions swport woody e po%ation with thick

wndergrovth., :

3
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j
The depressions support dence Hangrove vegetotion ond

Polnetto Palns whore the soil water is brackish or fresly. and

.
s :
the type of scil is cither swvornpy or alluvidl as in the nrcas

‘ ! :
around the Opun/Majidun flood ploin, Tarkwa bay-swann ond the

Itirin lagoon swanp off Maroko, In the classification of the
i |

land units in chapter five the 1andforn/vegétation pottern

discussed above has been uscd os one of the jeriterie for the

«ps . s p . i !
classification because distinct vegetation patterns srow on

- . |
porticular lendforn units., f o
In continution of the cxonination of énvifon:ental Tactors
of the coastal gZone of Lagos, this thesis péoccdes with the
anclyscs of the role of non as*port of the factors of the

enviremnent which influence tho course of landform evolution by

rnodifying the existing ones and Luilding a new londncape. The

inpact of man is considerably noticeable inithe‘coaﬂtallzone

that its detnilod exnmination is nccessary at this stoge to

round-off the chapter. E
1.8 HOMAN OCCUPANCE AND 1795 COUSEQUENCES i

.t
The activities of nan form an essential part of his

5

culturzal landscape in as ruch as the modifi&ations earricd out

by hin give charocter to the environnment, in erér to under-
!

gtond the environnment of the coasial zone of ngos fully, a

careful exanination and0 nhalysis of the seqﬁtentgﬂoccupance of

the landscape becomes relevent.  This incluﬁes;tho originallg

settled aren, its pattorn of expension, typés of eavironnental

H

! 4
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conctraints not throughout the period and the p;esent Inad use
typos and pe ttcrnq. 5 , ; |

The first gettlement cof Muuerolltan‘ aﬂoslh ag heen dated
variously at between 1630 and 1730, when ow1ﬂr;nts were foreoed
to flee fron war-torn Yorubolend ia to malnland Lagos {Lees 1879,
Maborunie 1961). The earlicr drte scened ts:hafn aincd o wide
acceptance in the works.of Forne (1896) and?Loéi (1914).

Mabosunje (1961) however puts the date at eLrlY th Century,

[
but the Portupmese account never referred to eny settlonent

I
crcund Lingos Lagoon during tois tine except ’Ggebu', an inland

town which could nean the proscat Ijebu Odn. A1l thesce covidenes,
| "
hewever, guppert the contention that the prosent coostal aren

=t

‘ _ L
- ! N Ly
of Lagos has seen at least thres centurics of wariouns hunen
1
|

i
]

activities nnd nssocinted lond wse types.
e L , '
"The first settled wpen™wrs Tkorodu in*the north, but within
}
the netropolitan area 1tself Thute-tlotta thiflrmJ achtled by

the Aworis who cane down from Tobado. 'Ebu%eAMcttn vog loter
| ,

2bandoncd Tor the islindﬁ there settlémentt sich cs Oto nnd
\ ) P
Ljora sprong up. This nivo L“borﬂr)u (1961) nr"nc res due to

tho search'for freedon fron sporadic attacks from othor settlers
bk f ‘
. - oM T oq by . f i o .
ncrth of Iseri. - (See Faz._l.l) Phas 1ns%cur1ty on the noinland

turned the atténtion of ‘the carly settlerd tdft-é islynds for

‘

farning. Graduslly farmiry sites such "Q.Itolo, T: urﬁ“bo Yo~

- : N e . . ' : ot
Idusdonron becane canp dites ond crventunlly settled aren
; E ‘ .
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From this time population concentration centred on the
island and this was increased between 1800 g%d 1870 as a result
of the abolition of the slave trade and thefreséttlement of freed
slaves from Sierra Leone ond Brazil. 4 sub%tanfial'increase in
population begen at the beginning of the twentiéth century %hen
Lagos became-noé only a political capital bét aiso the main port

of trade for the whole country. Politico—e?onomic developments

- favoured en increased population, from 32,00@ in 1894 to 74,000 in

1911 and subsequently increased the rote of isettlement expansion
in LagoSe & -i
By 1900, for exampie, ;etflement exte%deéto-the Marina on
the. island and.Ebute-lietfa in the mainland.: The swompy nature of
the terrain at first restricted settlement.;o éand-ridges which
C
were separated by marshlends and creeks, T?e need for more land
for setylement expansion resulted in the d?aiéing of the
n
Okokomaiko swamp in1865 by Governor Hocgregor (Mabogunje 1961) and
the subsequent building of the Macgregor canali In 1920, the Lagos
Town Council took over the feclamatioﬁ of ﬂ&ndifrom the Generzl
Sanitary Board., Before its function were éakeh over by the Lagos
Executive Development Board (L.E.D.B.) in ﬂgag, the Town Council
drained areas such as North-East Ikoyi, Ok%pa,!mgkunwon, Okesuna,'
Blesin Igbo and Obzlende. These 1ocationsiare:lbcatéd on Lagos

i
and Tkoyi Islands while Ijora and parts oijbuFe-Metta.and the Roil-

i
way Reservation area are loceted in Ebute-Metta. The L.E,D.B. in
its turn reclaimed Idumagbo lagoon in 1930, Iéalegangan creck both
on Lagos Isiand and New Ysba in 1933 and Apapa in 1946.

. . I

4
1
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The arcns cre shown in Pip. 1,135 on page 56, Thus, hithorto o

substanticl part of the lands in the lagos Island end noinlond

. [
have been reclainced for bulldlﬂu purpnses.

P
The nerger of Legos wi%h thc 014 Yestern region in 1950

3

geenied to hnve reduced the problern of 1qnd fn“ expongion since

it eduld then éxtend to highor and well draiﬁed srcos on the

nainland without restriction by politient bouncﬁrloa. dowever,
: .

th

0

roconytitution of Logos into o Pedernl Térritery in 1954,
| S

. .y - : Eoa s ‘ )
ond Qte subsequent. separction fron Véstdrn ﬂlﬂc id, reduced
!

the extent of the land orcas Hint could he séttled By the

Lagosians, This shortage of land was further agrrovated by the

cra of industrial developmont vhon areos such aé Leomu, Lpapn,
Yaba cnd Ikeja sprang up a8 Industrial zoneé end resulied in
the emigrafion of a very lorse nunher of peonle in {2 Lascea
;
looking for ermployment opportunitics, Thig f“hehcmcnon thua
: O
incroased lond, heousing and space congcstio% anﬁ also land prices.

Scne of the measures tnlen since settlenent besnmn in this
1
area ~re surnorised bhelow, Thev include cralnano wvorks which
1 1
were essentially coxecuted to »id the swernpy terrain of nogquitoss
i
1

and other_pests. Such schenes 1Q"1ude thb.(rm1n11" ol the

Okokermaiko, Haroke, Iight House Creck, TlQ,Can Isiczd ond Makoko
arcan. Thus the reclanation of swanps usuqlly.00nes first
before the settlement on land in Losos. Mest of the areas
N | ' : : :
1

shovn in Pig. 1.13% have been reolained frof swanps, while othors
H

which will feoturc in chepter three have not only heen roolained
]
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cnd built up, but the oreas hove subsided dué $o *fnilure!

4

under static loadings with wwildingss.

1
s La . i L) .
The clearins of slung in céniral Lagns began in the carly
: i

- 1960's becnuac of the deplorsble scemdition of 1living of the
. o B

people especially, where houscs wore crowﬁed fogothor in
floodable—area such as Isalesfia and Idum%gbo; Censequently
the Foderad-Governdent initinted ihe-SufuﬁerbﬁRcscttlgmgnt

: ] .
Scherie, which has scen to tha fesettlcmeh%?of=ovor'50}000

. 5 ' ~ . } ol
peeple,- and’ the: developrent of Housing estates ot Surulerc,

s

|
. i _
Beach defence measures heve heon taken to’ arrest the loss

of lan? to the soa on Vietorin Teoch, but g far success has

Apapo and Ilupeju.

!
cluded the planncers. The details about the{mcqsuros tolen

aleng the bench will be discussed in chapteyr three. It iz thus

clear thnt the problen of land scarclty hastbeen with the
!

Lagosians for o long tine, and is do:onstra?ed by theilr cfforts

to develon land for scttlerment but unfortundtely 1ot of these

'

,! .

arces hove either Leen depressed ond flooded or poorly drained.
‘ : ¥ !

The .extent of nan's impact on the 1land in the constel zone

+ . L] V . 3 t I
of Lngos is obvious freom the anclysis above.! Aport fron the
. . . | )
reclomntion prograrmes and. cengiruction of sattlénents, roods
: L ;
end bridges, nest of the drcincse patterns have been porverted

by interference and additionnl hroblens of flboding hove onerged
b .
in nost of the reclained arcag. This aspeet ?s described in

dctail in chapter three, l i
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v

This chapter ge fer is o broad annlysis eof the chorecter

of the cnviromment of the Legos Constal zone in the light of

b

the ~cologic, georicrrhologie, clinmntic and lanthropogonic factors.

It has been shown how coch of these factors acts individually

1

and intorocts collectively to sive character to the l-ad arco

‘ '

a1t s

over time. The next chapter conszists of » ﬁetgiie@ oxrrination
of the chearacterictic londforis in the Coas%alizonb which are
direcet and indircet results of thoe combincdlef#ects of the
environwental factors. % ;
In continuaticn of the ¢hjective of this thesig, o detoil

. - . boo .
analysic of tho character of the varicus landform types is
necesanry ot this stage in order to broaden]the'undorstanding

s - . I ! .
of the lond choracter. This nspoet is corefully cxoiiined and

ledid out in chaptor two below. F
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CHAPTER TWO

CHARACTERISTIC COASTAL LANDFORHS

241 _GENERﬂL'NOTIQQS OF THEIR EVOLUTION

Aé.in most ports of the coanstal envi%on@ent of Western
Nigeria, the coastal zone of Lagos comprngS—Both Pleistocene
and Holocene accretionary landforms. The por#hern boundary of
the area consists of ferruginised sandy sﬁrfaées of Pleistocene
age, while the southern parts are made upfof iobse sands of
lagoon, marine, as well as alluvial depos%ts pf Holocene age,

Th? deposition of these materials was largely'effected during
the alternating rise and fall of the-sea-éevél from the late
Pleistocene to Holocene age. The, ferrugihizétion of the Coastal
Plain sands is evidence of humid‘and dry %on#itions that
prevailed since the deposition., The detqﬁlsfabout the areal
distribution of the landform units are sﬁoan:in'Fig. 2;1.

The Pleistocene deposits occupy the undulating plains and
are marked by the interfluves ond brond éepr§s§ions of the short
coastal streams, whose valleys vere wideﬁed‘during periods of sea
transgressidﬁs. An east-west line of foiesé covered low—cliffsi
seperates fhem from the Holocene ]_.andforilhs ﬁhich are essentiaglly
characterised by low sandy-plains, paral&elfand aub-parallel

I

sandy-ridges on the barrier fomations. These landfom patterns

have been identified along the coasts of Western Nigeria.

(Pugh 1954),.(Abegunde 1966), The west-east orientation of the

¥
to
| I
i |
5 i

1
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sandy-barrier formations cen be explained by the dlrnCuloﬂ of
the prevailing south-west wind, which ultimately controls &
direetions of both the waves cnd the 11ttoral drift which supply
the nmaterials for the building of the sandyabﬂrrlcr lOIT“tlonS.
Three groups of sandy-barricr fornat%ons;oxist between tho
low cliffs of the 'old-shore Tinc' and tﬁe present sea beach
vhich have been designated as the 'Prior,' 'Inner! cnd 1outor!

barriers, according to the order of their evolution chd spatinl

arrangenent from north to south., Tho 'Outer barrice!, vhich is

H . .
the presently wave-beaten bench iz the nost recoent., This is
N : :

followed by the 'Immer barrior'; and nearcst 'to the cliffs of

+

the 0ld shore line in the north is the 'Prior barricr'., A
detailed examination nnd annlysis of the gonesis and character
|

of the barrier formations is attempted below,
. . i
SANDY-B/ARRIER FORMATIONS _ S
|| .
The chnracteristlc asgenblagze of lqndformﬂ in the constal
S ‘ ! a ' v
zone includes so ndy;barrlcr fOfLﬂulOﬂ“ and associated logooa

i

conplexes. The compound word I's ndg-barrler fon wtion! conuotes

group of gcnetic 11y dorlvou lcadforms|w1th narine gsrnd ags its
najor constltuent neterlal ond Un;ch 1nciudes the bench~ridges
and a soc1ated deprc381ons, heﬂbg;chhplkin;,‘fho.breacﬁod-boach
rldgos, splts ﬂnd nounds. L ér‘ticql 1naly31; of the conccpt

1

I .

of tho cvolutlon of sandyhbﬁrrlor formatlons in gerorgl, night
] ) ..
explain in part the pottern of cvolution of ' the partiecular

+ o . N : ) 1
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fornationsin this area, but cmphnsis istalso laid on the
- |
varionts to this concopt in this coastal zone where they

occur.

CONCEPT OF THE_EVOLUTION OF SANDY-BARRTER FORMATION

1 Sondy-barriers' cecording to de Beaunmont (1845) are built

by the landward movenent of rotoricl frén Sffshnro orcog. In
his own hypothesis, Gilbert (1885) attributed the formation
of Sendy-barricrs to a conbinction of IongShore drift, with
sedinents derived fron cliffs or cther %ources and built in
the dircction of the current as lon.gshoi'e spits. These two
theorics formed tHe busis of the hypothesis of Jommsou (1919),
in wﬁich he stated that the onshore novement of notericl and
the formntion of the 'bar', which later ecerged to the surface
to inmpound the sca water behind it and form lagoonsi ore thoe
initial stages of snndy-borricr formation.

These theories tend to cxplain the initiation of the
sandy-barrier fornations os unrine built lahdfornsmwithput_
adequately exploining the factors influéncipg the encrgonee
of the sand 'bar! gbove the surface of the water, ond the sub-
gequent growth after exposure, chever; they enphrsised thoe
role of waves and wave ipducod,currentsrin ?ho developnent of
sandy-barrier fornotions, and thot of the sﬁb-uarino ond parine
origin of the sedincnts usecd in_buildiné thém.

Both Johnson ("1915)' and Shepord (1§48)? agreed thot sandy-

barricr formations arc initicted first ds o' sond 'bax!
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subnierged by water, but the .encrgeuce of the bar hasz been
attributed to tectonic forces, (J%hnsog 19195 and/gr eq;tatic
fall of the sen-lovel. (Sheperd 1963), (ZGnko-vitch 1967).

If at ~ll, the emergence of the ber results ?roﬁdthc uplift

of the land, it is likely fo he on a loecal g¢a1¢,,since there
has been no record of sirmltnincous eustatic;tecfonic activities
tc cxplain the occurrence of sondy-barrier éoasts of the world.
The occurrence of sandy-borricr coasts is 0% o regional scale
all over the werld, e.g. the Gulf consts offthé United Stotes

|

of Armcricn, (Shapard 1960), the consts ofibeyiog, (Qoorgy

1960), the coasts of the black sco (Zonkov{tch;19ﬁj),.tho coests

" of Bastern Australia (Bir@_19GT), the coasﬁs of the Mediterroncan

sea (King and Willians 1949); and the Guinea Coas® of West
Africa. Tt scems likely that ihe nost significant focter of

their 'energence! must heve boon the ocustotic foll of the sco-
3
I

level.,  Although sea-level fluchuntions are well noxked all
over the world since the Quaternory perioi; nést_of the sandy-
barrier fornations studied, have been datéd p?st—glacial in
origin, (Shepara 1963), (Bird 1963), (Allén 1964). If they
are pogst-glacial, it is likely thet thoy %avc.beon influenced
by the sea-level changes that featured du?iné this period as
Zuenner (1961) went further to illustratefthﬁt forner sea-
'

levels in the case of bar and lagoon coasts, lic gonecvhere

between the lagonn and the nenn elevatioﬁ of .the Dbrr.
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Uhcn the bar eventuzlly erierges above the uou—lovcl

varicty of processes oceur, in th, uubsdquent dcvolc?nent»of‘the"‘i

barrler—formation. Cne of tho ouSOClBted features of the ‘sandy -
Lt

barrlerhforﬁatlon is the beach ridge, the fornatlon of which

Shenard (1963) attributed to the development-of dures on a

3
3

prograding‘ghorelinea This idea is supgortéa‘by Hails and
Hoyt (1967), when they suggested that nogt beach ridses

originated as sand dunes. Vhile this idéa ray not be totally

rejected as o working hﬁpothesig, it nay be out of place to
‘ :1 I (373

suggest a dune origin to 211 the beach ridges along =11 the

consts of the world, becnuse ns Jennings Kl957) noted, it is

rare to find saﬁdidunes on the tropical coansts. This is
explained by the fact thet dunc formétion;denénds cnong other
things, on the force of the wind, the w1dth of the hench, the
looseness nnd finéneas of the secad gralns.; It is imown that

' . ! ,

most of the tropical coasts are oither lacking in cffective

wind-foree, or in broad beaches, while the mnoist notiure of the
. 3 . "

. . N )
send, and the vegetal cover cspeeially pardpalﬁnl Irpercta
) [
species and Mangroves, render the sonds immoveble by the

prevailing winds, Henco it ig unlikely that thb formntion of
beach-ridges especially in the crea of studi caﬁ bo cﬁplaincd
by the processes of dunc fofmation. 2

Perhaps the nost likely cxplanation lie% iﬁltho theory of

'eut and £il1l' which was neasured on the coss% of California by

Shepard and La fond (1940), and Shopard (1948). I waas
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established by thesc nmen that the height oi_the waves uns the
deternining factor in 'ecut omd fill'. Alsp, Johnson_(l949)
correllated the cut and fill potential wit% wave gleenness nnd
then suggested that waves vhose steepness Excéods 0.025 wre
rosponnible for filling, whore wovo stocpnéss:is.calculatod afc
H/L. This idez is also in pgreencit with the concept of con-
gtructive and destruétive wﬁvcs of Lewis (i931), vhile Dovics
(1957) attributed the formation of beach ridge% to wave steepness

and the supply of materiak;forning'then. %lso, Lewis (1931);

1
noted thet the waves of low steepnoss, by pushing notorials up
, .
. ' I

the beach are responsible for the building of s bowm, hich
¥

progrades sco wards for ns loag os thesc w%ves'nro‘in opcration

and until the incidence of s#gopcr vaves cﬁuse? the bernt to be
cut back and possibly destréyed. }

‘The swrnary of these thoorics shovs tﬁLt'ﬁcachhbo:ns are
cssentinlly built by woves of'loﬁorlanplitudc'ahd“dostroycd by
woves of higher conergy. "Alszo, the availabiiify of matcrial is
a pre-requisite for the buildin~ of ridges,!so:tha§ the height
of bBeach-ridges canibo used to fliustrate p%ridds'gf abundan®
and-constant‘supply of beach noterisl A8 woil ag higher wave
energy. !

"As hag been noted in choplbor one, thé Qeriéd of Tormntion

of the beach ridges ean be ngsocicted with ﬁhe pericd of n

falling sea level when thore - would be -the sﬁallowing of ‘the
P

.
7
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offghore arceas and the sca-bed cones within th ranse of the
wave base, so thnt naterinls would be easily scolired and
trensported shore-uards by the veves. As the beach-ridge was

boing built above the sen-level, some water is inmpounded
1

r '
behind it which later forned the lagoon. The logoon is
generally an epheneral fenture which may dryiup es o result of

scepage of its water in to the sco, cvaporation Pnd/or siltation,

However, where the sandy-barrigr fornations éeal_qff the nouths
of rivers as in the Mincty nilc beach in Austrolia, the Gulf

I .
Coasts of the U.S.A. as well os the Guinca Coasts of Uest

Africa, the lagoons are geiterally permonent, bedousc of the
P

constant supply of water from the rivers and, fron the sco
through outlcts. ‘ . _ i
The fornotion of seondy-borrier formatiohs in genecrel, can

therefore be sssociated with wave deposition, littoral drift

and abundant supply of beach nmoteriols during périods of neq~
) L

level fluctuatien. The nost rocont periods of sea-Tovel
fluctuations had been associnted with glacidgeustotisng

(Fair—bridgé 1961), {Byurm 1962) which ogcufredisomctino 1late

in the Ouaternary. With this boackground, a ldetailed exer

inntion, and annlysis of the origin of the landforrs in this
|
coastal zone is given below. F

2.2 STLGES IN THE FVOLUTICH O T ILANDFORIS
There are five major geonorphological units rocomiged in

the coastal zone. Thesc include (i) the undulating nlaing to
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the north {Phocene) (ii) the low Sandy'plains,f(Plgistocene),
(i1i) the marginal swaups of the lagoons and iéteftidal flats,
(iv) the estuarine formations, and (v) the san;d‘y"'-*l;arriers

(Holocend)s The evolution of these landforms is closely related

-

to the general pattern of evolution of sandyﬁbarfier formation

L P i

outlined abbve as some of the landforms, sch as. the lagoon
depressions.and the estuarine formotions, develop after the forma-
tion of the sand-barriersi Houevér, tﬁé,unthaﬁing plains evolved

from the deposited materials of fluviel origin, during = dry
‘ !

climatic phase. The details about the formation of the landforms

are given.belbw, with due emphosis being giveﬁ to their genetic
relationships. ‘
i

Three west-east orientated szmdy—bax;fief formztions

designated.Pfior,‘Inner and Quter barrier? shown in Fig. 2.1 have
N !

been identified in the coastal zone. The' formation of the *
barriers' seemed to be associnted with the various phases of
sea-level changes characteristic of %h;sfﬁarf of Nigeria, (Janes

and Hockey 1964) during the periods betwéenflate Pleistocene and
fo

the Holocene. The evolution of the 1aanorﬁs especially the
undulating plains began during the Pleiétocéne when sea=-level
was low, and continental conditions prebaiied over much of this

area, (Burke and Durotoye 1970). Co
Lo

The evidences of a lower-sea 1evél as ‘have been established

. i !
earlier in chapter one include the existence of the drowned-

'
valleys of rivers Ogun, Majidun an¢ 4fa in this
‘ !

H
f
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arez, and the occurrence of Cnnyons ot the mouths of sone of
T #

the Pigerion rivers, off the continontal shelf as idoniified
'

by Allen (1965). Such rivers include the ¥iger, (ross, Ona,
' :

Shosa, and Yewa. The oceurrcnec »f o dry phase in fhe sub-
N ] .
sahhran 4frica around 20,000 yooxe BJP, (Burke wnd Durotoyo
: P

1971) is an ndditional ovidence to 111uutrat “the proboble

oceurrence of lower ses~-level ot this timc:in_?hb Constrl Zone,
. - LI . - - L [ ) .
It is nost likely thot, it woas nt this tiue St the

. i
naterials used in the building of subsequent sendy barriers

vere deposited by the rivers into the sea,, fron vhere thoy

! . )
vere gradually dragged shorewards by waves during subscouent
! .
L.
sca transgressicne. RBvidences - include tHe petrolomgic sinilarity
| :
of mineral accssories found in the marinersediments with those
R . R L. \
Tound in the prescent doy votem-shods of the rivers —_(A;ngm196§f.

!

Holzceéne, daoted between

During the last sea-lovel rise in

10,C00 and 4,000 years I.F.,, with noxirt rise by 7,000 yonrs

B.”, (Allen 1965), the sea hrobebly nd¥inced to the aren

designated Told eliffline! in M-, 2(1,. This rise in koh-

lovel florded the lower courzedn of the short co~s.al atrecons

and widened then, cs ghom: in Pie. 2.2(¥), perheps oo o result

of bank—caving'and underoutting of cliffs. ' The vnrious broad

.r‘ I

depreoulono 11mo the fleod plaing ‘of thc Ogun ond Hajicun, the Lfn

1

streans, and the various’ Vﬁl’ oy re-eéntrants ond nciches on the

cliffs, mark the 1nlets ﬂur1a~ the tvans gressicn.  The succeessive

»

retreat of the sce which followad *hig ftrahsgression was likely
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The inner 5arrier‘is an exgnple of the bresd=ridging system
of sandy-barrier formation —-(Webb & Hill 1958), with a width of
between one and three kilometers east of Victﬁria Island., This
type of broad-ridging has been cited as a feature of periods of
constant supply of sand from the sco (Webb &{Hill 19%8),
However, it is possible to suggest nlse o co@bination of high
wave energy which accounted for the rnising of the height of the
gond-ridges above three metres, ~nd a period of gradual with-
drawal of theses whizh permitted such gn extensive progradation,
without any significant bresk in the supply of materials; that
could have left a number of depressions sané—wiched inside the
berrier, if there had been such breaks.

The sediment supply for the building of the Inner barrier
is likely to have been derived from two soufces, viz, marine and
fluvigl. . This is because River Ogun 23 shotn in Fig. 2.2 (ii)
was probably supplying sediments through an outlet which might

have existed east of Ikoyi Island during this time. - It becane
sealed off %y the barrier at a later stage and its waters
diverted west wards into the outlet; while the sediments from
the river probably nourished the northern ﬁart of the barrier. -
This is supported by the high percentage of ilmenite; an
mecessory mineral which occurs in large quantities in the
drainage basin -of river Ogun nnd.in the no%thern'part of the
Inner barrier in the fossil outlet of the river (See Fig. 2.5

on page 75). The detzils about the sedimehtological evidence

are found in chapter five,
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.to have initiated the form:tion of the sandy-barrier’fomation

referred to as the Prior barrier here and illustrated in
Fig. 2.2(ii), ‘

The indentations along the Qid-shore 1iée were partially
sealed off by an amual initial sandy-barrier’ formation, backed
up by a shallow and slightly.southward inclinéd off-shore zone,
This shallow zone became occupied by a broad lﬁgoon as the sea-
margin continued to retreat further and = secoﬁd phase of
barrier formation was probably initiated, Thelfossil lagoon
which wzs formed behind this barrier later shrénk as a result
of drainage leaving behind the Ebute-letta lagoon and Iganmu
swamps as relics. Also, the growth of the'barrﬁer caused the
estuary of.river Ogun to be pushed eagstewards a$ #heﬂstrong
currents from the river probably prevented the eventual sealing
off and further diversion of the mouth of the Oéun river.

The effect of the diverted currents of the Ogun river is

probably illustrated by the southerly curvature of the Ikoyi

‘Island vhere it should have continued east-wards. Thus, after

the building of the Prior sandy~barrier fomation, the outiet
for the three coastal rivers in this area was east of Tkoyi,
because the barrier was continuous stretch from the west up to

this point, as the present harbour channel might have been &

later development., This first phase of evolution of this barrier

is shom in Fig. 2.2(3). 2

1
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. The building of the Imner borrier brought nany changes in

to the drainage patiern of the constal zone. The 'oiorgence! of
! . .
the borrier probably diverted parts of the vaters of rivers Ogun

1 1

3

nd Majidun west-irards to initicte the Five cowric crock. This

Leh

~

sanc phenonenon resulted in the diversion of the vntors of
rchrs‘Quone,:Yewa ahd Ouo vhich joined togethor to Forn the
cost-flowing Badagry and Port N?yo Crecks as ghown in Fig.‘lé?.
The convergence of these drainage systons in Lagos arco, rosulted
in tho"breaohing; of the Prior borrier between Apapn ond Lagos
Islond, and uitinately ihiti;fad the present laéoon outlct

south of it. The cxistonce of Apepa shoal at. this point of
breaching and its cast-west clongation scen %o confirn it no
the remnant of the brenchod ﬁarriér. .This phéso is iilustr—

abed in Fig, 2.2{ii).
Thus since the formation of the Inner bﬁrrior, the nouths
of the coastal rivers exeept river Opun, havé egsentially been
dirccted tewards the lagoon cutlet. The area crav of Opoyo and
Moba wvillages, wns probably thc‘former'nquthjof river Opun
before the formntion of the Outer barrier, bécause there is no
distinet beach~ridging iﬁ this n~rea, and théla oos west and
eact of it hnve beach ridges vhesc distdl cnds arc diverted
southwards. The nost likely cxplonntion of fhc curved 'toils!?

of the beach ridges and their hrond depressicns is the action

of currents which nay cither be rivor currents or vave floods;
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vhich might have prevented the srowth of ridges or cbliterated
the sand-ridges as the case »oy be. At present the creo is
charaeterised by thiek beds of nud and alluviun ond ~ covered
vith very woody vemetation, wivich ig nnt'charéctoriﬁtic of the
sond ridges in thié arca. It can be inferred thot the allurinl
deposits shown in Fig. 2.3, werg prodably 1aid;down by rivers
entoring the sea throush thié arce; and these later developed
into mature gsoil that gupnort such o thick vegetation. ‘If this
is acceptable, then the clluvicl deposita, the cﬁ:vQ@_distal
onCs of ridges ond the depression lying directly oppoaite the
present nouth of river Omea prodebly represented ﬁherp the
original mouth of the river mugt hove stood tofore. the Inner
barricr was forned. |

Ag shown in Fig..2.2(ii}.the Outer barrier developed in
front of an cost~vest flowing erecl:, variously known‘as Iry and
Xureno lagoons cast of the Loses Horbour nouth, Thcliru lagoon
Azs Toen recleined, but the Kurano lagoon still oxists in the

e L .
fem: of a Creck occupyins » norrow depressgion betweon the

L3 L]
Lo .

Inner and Outor barricrs.
Fron the outlet cast-words the barfier'Was builit ffoh an
uncervater bar "the Lagds bar® ix the outlet: et of the out-
let, the barrier contimicd unbreached into Dah0noy.tcrri%ory;
I% dg n broadnridgcd barricr bﬁt hog been substantinlly oroded
in the cast gince the conﬂtrugtion of the stone-noles along the

Lagos Hnrbour Chonnel. Yaves, deriving sediments from the'sen



¢

bed, and the west-enst liticral irift, are responsibic for the
building up of the Outer barrior.

As the sandy-barrior for-ntions wore built the deproseion

geparatias then wore. ccoupied by lagdons. -The formetive stnges
of the lapoons are illustrated in Fii "2.4¢ - Song of the lagocns,

such sz thosc hatwecn the Prior borrier and the old shoreline
S . . i

. . .'p‘l' Cet . T .
cliffs in the West, the Itirin Logooen and the ecntorn extension

I . I Lo . K . ) -

of Hurane waters develoned inte marshes or swarps, mrohably
) ' IR _"" | l L B0 wy s

Yeonuse of cither shrinkoge duc to evaporation, or scenase.

The subnergence of the Prior ond Inncr barriers hotwoon the
present day Legos Island end loapn Torclend might be responsiblo
for the draining of the fousil lagoom between the Prior borrier

and the old shorelinc cliffa, vhich left bchind o gworn into

which river Afn deposits motorials ot present as con we secn

fron Fisg. 244, I ,
However, nost of the lagonons are perpetuanted, beeausc they

B :

are fod by rivers ghoso courses hwove bhoon divgrtod by the sondy-

barrier formations, and by water Jron the soa, throu~h the 400

netre-wide outlet. The scaling off, - of the nouths of rivers

Oron end Majidun, nnd the subsequent Aiversion of their woters

by the Inner barrier and tho subscquent innﬁndation of the

lever courses of the rivers probobly aided fhe orcaticon of tho

cxtensive Lagos Legoen, the Pive covwrie orcele: and the Pord Fovo

Creclzs., Thus the farmatien of the sandy-borriers ju.pari

accounta for the .evolution of thie lagoon corplexes, uvhile the
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sealing off of the'noufh of rivers by fhéso'sandy barricrs
ceeounta for thoif porpotua%ion alomélthiérdéast, .
Tﬁc Lagooﬁ ;omploxes thug;giffgf fron tﬁe‘clnssicai lagoon
: - : . Lo S
-syston which'is generally ébhcmeial, and are dérivaq’from‘the'
sodling off of éoa watcr béhinﬂ;saﬁdy—barrior ?orggtipﬁ ag o in
thoﬁcasé of the fessil lagoon in Fiﬁ. 2.4, Howover, other
Iagoons 'in this scetor are fod bylﬁoth the sea and the rivers
hence they differ and aré porpetunted.
: | :
The Estuarine formations;nrcfderived fron the scpling off
of the deboucherent of riverd,lso thnt éeéime@t q@cuﬁﬁﬁlétion
takcs'place in the estu&rigs-ofAthc rivers ané dpvoldp inte a

variety of land-forrs such ns brocd flood plains, levecs and

abandoned river courscs, At this stome, it id nccessory to

A

onurernte the details obout the {Uypicnl landforms in the

constol zone in general terns.

LANDFORM UNI'S I3 T9E_COASTAT ZOMNE

A8 had been earlier notod, there are féuf najor landfeorm
conplexes in the coastal zonc'pf Logos. The first Croup of
landforn cémploxos includes the Flains in the north-vest and
north-cast of the arca dominated pj the low, ﬁonotgnous and
undulating hurnocks cconpoged of reddish sands. The sceond is
nnde up of the Esturine fcrmatinng which'inclﬁdc, the lover and
upper flood plains of rivers Ogun, Héjidun and Afa, Vhile the

Lagoon conplexes nade up of the broad, subnerged depressiong of
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the Lagos Logosn and the nerivheranl nangrove sualﬂ"-olﬂ intere

k2

tifal flats of the Badagry Porto Hovo Croeks, congtitiite the

third eonplex.. Finally the thrco sandy-barrier foruavlons and
v 0 ‘

their associnted Featurcs UUCLlUs tnn bonch ridros, dovressions,
breached ridres and the booch ploing, forn tho fou%th"gpqup,

The locntion éf this varicety ol landforms-is-no+ CL“U”"lOdu,
henee it is necessary hore to gxaﬁine thcir spati;i cigtribution
in relation to ong ancther ii'n1L 'He'boasthl‘zone. orrover,

e

¢ : P :
the brond dlstrlbutlonol natiern of thesc 1nndform cor ‘ploxos

es

arc shoim in Fig, 2,1 and 2.5 reswectively.

[

2.3 EMRTICULAR FEATURES OF T/ DFORM UNITS :
; ;

The detailog exanination of the surfac fcaturea_ol YTond-
fornz help to establish the criterin for the diffcrcrtintion
anc associntion of the varioug londform units for the purposes
of classification into "honogenous' units. Such o clnpsifica~
ticn iz intonded for guidence iz %he futurc land uwse ploaning
wvithin the coastnl area. fLpart fron this, the dntriled character
of each londform unit would be slucidated and a:ralqtionship
between the character of the londforns and the procesces could

“he established with o viow to uilding up o co rchon iive

knevledre of the geonecrphology of the ares. The graticl Mo~

trivution of the lendfornm units is shown in Pif. 2.5 below.

T, URDULATTIG FLATHS

Fron the edge of the lasoon devression at Oworongold the

the wndulatins plains extond wesiverds throwsh Shonolu, 'Mushin
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and to Isolo,. It is char-ctorised Dy a longitudinel ridoe and

valley systen, which summounts dlhic low sandy pleoinc.  This land-

i

the lasﬁ transgression inte the lower courscs of the then coastal
strears, which subsequensly widened the valle§s into o tria!
pottera heforc the final rotreet ¢f the sen. &he prcpent
ricies were the interfluves hetween the rivers: and gtand out
relationvely hichor above the depressions,

The hcigh# of the ridges varies botween atout 20 metres in
the south and 31 notres above aga level in the norih cround
Ojota while sone of the dopressions sre ohout five notres leower

thon the top of the ridges. The depressicns son
. + e 4

« f

woter, while in othors, no surfrec drainage is

o > s . . ~ o

Hewever, very thick beds of ~lluvial deposits ronsing fron to
S , ' AT,

to three netresfin depth, cover the hotton of .thordepressions,

Yient of the.depésits are covercd Uy o varicty of vosetstion,
cspoeially ferns and Raffic Pelums., The sedinents in the
depressions comprise angular quards prains, coorée silt ond

pecte  However the ridjes contain cnmuloer querts craing of

o

. o 3 3 ' et
bout - ld in disneter and o oeteix of weathered notericls,
. : , G

—

kY
hece are cssentially. the ferrusinised sedinonts of the Coastal

TFlain sonds.’
-

he rilres are well drained, such that no ovidence of

&

fléoding was fowsd on their strfoces during ficld work. Thig

mirht be due in part to the generelly zentle slope ¢f the 1land,

orr: pattern results fron the indentations made by the son during
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about 5O at 0jotn, the offects of vesotal cover, the nisl desrooe
of yperneebility of the wenthered naterial hni.porha;s g
existence of the depressions into vhich surfrce wotcrs £1low.
Cone of the ridges now carry sub urban setflqncnts guch as
Qjots, Oworonsoki, Orisigun,' sori. . This 13|~1 ~ided evidence

of its freeder fron fleooding, bocavse none of tho denresaicns

has been sottled by nen.

JHE_LOW SAVDY PLATHS

These wére built up fron coccwmilations éf Pléistgccne
deposits and are found conspicucusly wosi offSurulgrc, tire
end Tjeshatedo settlencnts Uhcré thoy are su%uountgg_by the
widulating plains. (Sce Fiz, 1.1), These low ploine have
foint slopes with an cversse gradiont of betwoen 2? and 47 at
Tjesatedo and Itire respectively. The aren iq Crained Ly very
short streans into the Afn river flood—plain:which lics to tﬁc
gouth, Seme of the low-lying Darts are generelly flocded

during the rainy season oz o resnlt of the conbinod offcets

of heavy r11n¢“11 flot terroin and high level of wndersround
] '

water. However, during the d ;. scasen the ~res is_ ronerolly
|
ﬂrv beeause of the rapid cvonoraiicn of the surface nters,
The northern parts are well din einet such thet ne gtending vater
has been found on then cven Curing the rains;
The sodinent conprisecs lcose annds With;ndnixtures of silt

which forme the natrix in the top fifteen centlpotr ¢s, fTollowed

by oxidised sands to a Centh of nbout sixty eontincires before
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encountering the level of wnder;round water, The loosc natu;e
of the sedinents pernits active capillary action of wonter
especially during the rainy season go that undergrouwnd water
rizes rapidly to the surface. UThis in part cxplaing the
flooding that is characteristic of the southerp poriphery of
this unit on which stands port of the Surulerc:Housiyg astate.
Apart fron the factor offnint relicf and the éliﬁato, the
nearness of thé plains to the Logos Lagoon aids the incidence
of flooding, This unit is unique anong other low-lying ploins

beecause of its older ago, draincge and nerphologdcal charcctor-
i

istics which diffor from any of the other land-form units in

the ares.

THE LAGOOCH DEPRLSSTIONS AND SHO;&LS

This land-forw complex includes the narginal depressions,.
tidal swanps and the shonls found in the lagoo?s; these cro
i11lustrated in Fig. 2.6. The origin of the lagoon aysten hos
vecn associated with the sandy-barrier forﬂatipns that are
chorncteristice of this cuastol zone, but it i; ncecessory here
to oxaidine the variants in the lagoon systen fror elnssicnl
lagoon types.

The lagoons as they cre ot prosent. are oséentially
inpounded seo water and diverted river courseg which flow
botueen sandy-barrier ridscs, somc of vhich have beon breached

by the legoons in order to rnintain a econncetion with the sca.
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-~ Thus the lagoon zpne‘feceiveéffrééh;watef fréﬁ fiﬁe;s'Qna,
Hajidun, Ogun and Oaguduw in the éas%, and Oﬁo; Yeﬁé'ggg'Quope in
the Ueét, wﬁile it receives o ﬁxoﬁt quantity_ﬁf saline uate:‘_
from the sea durines the flood %ido through its four hundred'
netre Wide outlot. (Sece Fig. 1.7). .The mix%uro of thc frosh
and saline waters in the ccastel zone especislly Gurins: the raing,
renders the marginal arcas of fhe lageons irundated to veried
distances. Conscquently arcas garginal to tﬁe lagoona,
cgpeeially where they are 1oﬁ—lying,are swanpy aud water-lozred.
The bréckish water crcates a typical ecélogical environnent
vhere mangrove trees such az the ithyzophora goloniso.ﬁhe'intgr-

. : o : ‘ x '
tidal areas and contribute a rreat deal to the reduction in the

size éf the lagoon. The Rhyzophora TECEoSa. NoNSToves, DOSSess
5tilt roots with which they arrest and trap éilt and build
around them§elvos other orgenic and clay depbsits, vIﬁjthisi
process sone places like lioba, Sole and Igboserc creags near the
Five cowric and Kurarmo Crocks lave been draiﬁcd of the Lagoon
water.r Also, this prbccss accownts Tor the fapid shrinkaro of
the Kurano wateors. Although’thc areas draipéd_by thig process
arc esgenticlly water losged, and Tloodable,. tho »roccss nevor-
theless forns the natu;gl procesg of lazoon retrent alon~ this
‘ i

coast.,

The laroon bed is essentially o zone of sedinontntion siace
the lozt sca level rise, beeovne ovidcnces_of replid inflilling

{ - 3 - [ 0 ‘o -
of the cmbaynent created by Dbovh river incision during the period
P
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of low sea-level and the gradual downworping zlong the coast of
Iagos were indicated by Pugh (1954), Webb & Hill {1958). The
primary source of sediment has been from the coastal rivers since
the sealing off of their mouths from_the sea by the building of
the Inner barrier., Thus fluvial sediments wereflaid down in the
lagoon ostensibly to fill the embayment, but rother they shordl
the. lagoon beds. fs such one of the physical céaracteristics of
the lagoon beds is the shoaling gondition. The?dePths vary from
one to two metres in nmost pléces, ond up to four metres in the
chammels of rivers Ogun and Mzjidun, while in tﬁe southern parts
especially in the Harbour, the depth is between'ten and twelve
metres. This great depth, results from the dredging for
harboutr operations. !

The effect of 'shoaling conditions' is th% accumulation
of sediment mounds in the lagoons which are genérally covered
by water with a2 depth of less than one metre., These hate been
called 'shozls' because they are isolazted sha11;W parts of the
lagoons, (N.P.A. 1958) and examples include the Oworonsoki,
Breko, Moba, Apapa, Brugos, Bruce and Commander, shoals, shown in
Fige 247+ The lagoons have alsoc been retreating a8 a result of
active sediment accﬁmulation,‘vegetation colonisation and
perhaps evaporation. Such areas bf retrent inciude the Itirin
Iagoon east of Maroko, the eastern extension of;the Light House
Creek shown in Fig. 2.4 and the numerous swamps: occupying the

[
foot of the old shoreline in Barigs, University of lagos, and
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Molzoko shown in Fig, 2,10 on page 95 which werc evidently
occupicd by Lagoon waters in the past. The detoiled demeription
of these areas cones up under the descfiption of mongxrove

swoips helow.

] K)

The lagoons display o peculior hydrolosicel c¢horacior
whereby their water level is affoeted by both the flood and
cbbtide up to ‘the Mojidun bridsc spown in Fig. 2.§ on the Lesos-
Iboaden rosd, ohout thifty kilonctors north of the sea boaech.
During the flood tide, nost of $he lagoon beachosfnro eroded
cupccially between Ebgte«Hottaﬂand Oworonsoki, where the cliffs
. of the old shore-line arc beaton by the lagomn wa%cs. The

vaves becorie very powerful wWhen aided by the u?ruéhinﬁ flood
tide and the onshore gouth-westorly winds, so that w‘larse areo
of land igs efoded every year., The photosraph on él:to 4;1
below shows falling trees cnd pelns resulting from erosion of
the lagoon beaches netre br netre oVery yoar. This loss of
land, the anount of which is nct Imown, contribut@s in o wey to
the problen of land shorterc in Laros,
1

The lagoons ceccupy over half of the arca of gtudy, although

they are net land arcos %o bo doveloped, they forry ercas of sub-

stitute for other aspects of 1and ise, such ag recrention and
!

veter transport. Their exouinntion is thus rertinent to the

obicetives of this thesis, ocspeciclly the knowladse of the

. . cxtent to which they iafluence the hydrological ropine of the

coastal zone. Thus very strinzent and relinble pfccauticnary
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neasures should be token in doveloping arcas thot ore peripheoral

to the legoons; to aveid problens such as floodiag, scwase and
3 } Lk
drainame difficulties.
.
T 430 ALLUVIAL PLATIS

w—- s

ESTUARINE FORDATIC

The arcas classificd oz alluvial plains aié thosc that are
+
cosentially Wlthln tho 1ower river floo&-plnln 1re.s‘ﬁnd have
been 1nfluenced by fluv111 precesses for o long tine. Thesc
,
arens 1nc1uuc, the flood pleins of river Opun and g jicun,
shown in Fig. 2.8 vhich are aﬁout nine kilometqrs bronl, and .
the Lfa river flood plain cost of Iganmu villasge to ﬁﬁe south
west, bLoth shown o swonng In Fis, 2410. Thcﬁflood-plaiﬂ of‘the
Osun oand Majidun shown in Fir, 2;8 occupics oan infillicd depres-
sion'between'Erunkan villase in the west and Ikorodu in the onst,
it extends two kilometers south of the Lagos—ibadan rond inko
tne northern end of the Lasos losoon and taﬁcfs of T wsenrnrds
the north, The area is cassenticlly the dcpositional ninin of
rivers Opun, Owuru~linjidun, and Ogudﬁ which probably begnn

to develop since the last Pleistocone sea level rize, vhen the

 dromed velleys of these rivers were invaded by the rising sca,

and gedinent acowmlation ensued wien the sen ro trecteld. The
egtinated position of the initial :moutha of thece wrivers lies
sonievhere between Agbowa in the Bast and Ebute-Metia in the west,

because, these two points rark the origingl forelond, and under

voter channels have beon traced fron the nouths of the Opun and
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Majidun rivers up to a point on a straight line passing through
these areas during field work,

The height of the cliff of tho old shoreline cut into the
Coastal Plain sand varics betwcen fiftcen métres_gnd thirty
netres above seca-level, but the flocr of th? depression of the
alluvial plain is between three and five me%rcs below the top
of the cliffs. The depression hés a complo; drainage net-vork

built by the distributarios of the rivers. The nasnitvde of

the number and size of the drainsge net-vork iz evident on

the Lagos-Ibadan road, where twenty cight-bridges of various

~gizes arc bhuilt along the nine-irilometers of road length vhich

traverses the depréssion.

Pugh (1954a) described the alluvial plﬁins in the lower
coursos of the ccastel rivern of south-western Nigeriz, such
as Yowa, Owo, Ogun, Majidun cnd Ona as depression or drowned
estusries later Submergcd’by o tronsgressive sco, during which
the infiling of the depression begen. The évolution of the
depresgion hag been associated with both sea level changes and
elimatic fTuctuations in this remion during ﬁho_Quatornary.
Additional covidence of iafilling includes the depth of
Holocene deposits found te be 18 metres, andfﬁzc building of
two peninsulas into the Logos lagoon as well ns ihe coxisteonce
of uwnder water éxtensions of those paninsulaé which wore found
during field work. Also, there iz a creat deal of sindilarity
in the provenrnce of the scdimonts found in the uppor ond lower

parts of the plain.
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Tho surfdce fectures ore gonerally o combinad tion of o

flatish plaih, with verious abmndoncd river chommels, mennders,
ond braided‘watcr coursos. Pv1L0“cc of changing rivor courscs

iz found all ovcr the aron ag ghowvn by the remnonts of ~bmndoned

: . e | '
cnonqolq as 111ustrhtod 1n iz 2.8, : :
i ;"

The levol oi undervrouna vaber vqrios from the Toot of the

marglnnl cllfFﬂ to the river bonlin nnd from sonson ?p soason.

Thc lovel is never below 30cnt. ﬂt mny tine throughout the vc 17,

+

while during the rains, $ho dcnt%\of flood yator rcmcned ~bout

one notre in some places, The level of undergiound watcr is
T
~nlso controlled by tho-movoac:t.gf the tide which hos bocn

observoed on thc two brmdu,s 9roésing the Ogun nd lajidus

rivers during field work, 

| THP, FALIGROVE. CHIHPS f

Thore is o varicty of swormy 1oc0t10ns in tho constal

X . 1 .
zone; one class of svanp" wer described under the estuprine

forintions, the othor group of sUamps are those thol arc
geﬂerélly col&miged byIHangrovc trcés; The}c)a?o o najor
divisions of Maﬂérove éﬁémps; the selt-vater swope ond the
fregh-water nn n"rOVO SWOTIPS o The‘former are fo?nd'inilocations

vory near the sco, like the Terlaro bay Mangrove suams, while

. . . ) : R

the latter zre found nlong the‘odges of the lagoons, or oreas
- .

waere lagoon wnter hes retrcltcd, lilke the B"rluc, University

of Lagos, Itirin lagoon and Kudono awanp shown in Mige 2410,

The basic of differentinticn of the twe groups derives
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fron the salt content of the a@oil ns well as-the spmoeics of
Mangroves that colonime them. “or czwzple the snlt wotor

nangrove swnnps provide o “ooﬁ hebitet for the RhyzoPHQru
» s,,xf- :

raccnosa Mangrove while-in ho i _01:15}1 water zone, the ancunt
. Lt

of solt has dininished considerably and the tvplc 1 specic of

L

- i TR . . .
Mangrove is the Aveeinne nitide. Howower, in’ flooa 4 ~ind lower

-

pnrts of thc brackish woter zone, the Rhyzo@hdrafthrivcs well.

Althmu h he - [oNE grove sy ore differsaticted, they disploy

' ' T - T .
1nleau1ca1 ch ,ructcr stics. e sonps occupy denroasions of

farnier ]; con beds in the loq;tioné naned abovéllyhilo gone of
thon are found along the porirhery of the 19(opnq, tropping
_ : : :

'silt and 'reclaining! the loagoon bed. The swaﬁpsucoxnist of
peet, i1t md odmixtores of mond. The sand ig generally
coarse having a ficen diancter of 2.1¢ but forné about 50 per

cent of those already cut off fron the lagoons ‘which comtoin

s ‘ e
peat ond silt of over 5¢° and arc flooded. ;

= Dreinage in the swonps is poor in locations vhere they ere

eut off from the lngoon suel ps in the Bariga, Univorsi? ty of

‘bagozs ond Makoko mwanps vhere $ie drainage is contripcial, and

the central parts are flooded throushout the wear. Thosc along
, .

the lageon besches arc subnersed by the diurnal +ide. The

deﬁth of thoe swerpy depesits vories fron loeation to loention.

In the University of Logon ~sw¢33 it wos 3 netred, ot Darden 5

‘netres, at the Tarkwa Bay chout 5 retres, and ot Harolko about

# netres deep, beford encowtering the underlying send and



97 o '
RS
PLATE 2,2

ey - L T O e T

TEE MANGROVE SWAITPS TIT THE COASTAL Z0NE




98

constitute a srovy of ‘imoature'

=

silt deposits. The swanps thug
and 'unstable' soils which hnve undergone only th_ﬁrocossom
colled geogencsis by FOIS (1963)_and are still te wadoerge
pedoronetic processcs. The soilz are highly acldic ond plnrstic.
The desree of cobpressibility of such soils with finc fexture
nnd high water content is sercrcolly high aﬂﬁ%thoy‘aro fine

]
T
12

textured and elescr to their liguid limit. Wven if they ore
drained,'tho middy eonbent will Love to controet and subside,
witho§t being ablg to gupnort oavy heévyiﬁei“§tfof,st21p
The low degree of porosity chernclerstic of such goils, would

fipede the subsurface drainnse, while the bnéinuliko Tom of

" tho swoanps inhibits frec suvfpce drainasc. 4s such the svoanp-
londs are potentinlly IlooZ~ridden nrens. Tﬁe rap ia Mg,
2410 shows the loention of the sunnps in the bgpstal_zcno,

inclvding these of the olimvicl plains and the Hanrreves while

Plate 4.2 shows sn cxorple of o Mongrove swanp nees the

University of Laogos.

THE 'ISCLATED? BARRIER ISLAIN.
The borricr islonde nwoc fouad oleny the lower courses of
the Bodagry Crock, botween Onizbokun nnd Opomoro vilicre ot .

the edze of the Leoges Harbour chonnel in the Test, Thesc

Jote

sinnds doveloped frow the cncstonostic pattern put on by the
Bodegry Creck in this port, vhore it sub-divides into about

Tour chemnels, coch cutting through parts of the Innor sandy-
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barrier formation, The nost imortant of these barricr islands
include, Powder Magazine island, See—craft schocl island and
Tin can island, which are well illustrated in Fir. 2,11,

The redian dianeter of the sedinents found on. the island

varies between 2.5¢ and 2.8¢ ol they look veﬁy similar in
structural and textural propertics, such az the de;ree of
roundness and in nioromorpholosy +o those of the Imnar berrier.
flthough reecent sedinenis 1ile gilt and peat devolop aﬁ the
lower parts of cdges of the islonds, sediments in ihofr central
arcas as well as in depth are quariz and display +he sizo
attributes nentioned akove., It iz thug posaible %o clagsify
then as part of the sandy-barrior formation which were cut off
by the braided channels of the Badagry Croek. Algo, thoy dis-

play the characteristics of the sandy barriers, such as in

sedirent prepertics and their west to east olomrated pattern.

-

ith these attributes they £al11 within the cotegerics of the
sondy~barrier groups despitc their superficial nlluvial covor

and their parginanl nershes.

THE BEACH RIDGES

The beach ridgos nre well defined on the Prior borrier

vest of Ajegule and on he Immer barrier cast of Isboscre.

They comprise the gandy-ridoog, svalos and bronclod ridgese On

the Outcr-barrier, there are only very fou foaturcs thot can
be classified n~s nicro-beae: ridzes west of thoe harbour. A

cross gection of the arcn of svudy between the nes heach i the
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gsouth ond undulating plains ian the north illustreting the
succeggion of sandy-barricrs and nssocinted becel: vidgos is
shown in Fig. 2.12 below. .

3

The beach ridges arc origntatcd in a west to cast dircetion
roughly parallel te the coost, ond in.the 5anc irgction with
the, parallel and sub-parallcl. scudy-barrier formitions upon
which they are built. The orientation of the begeh ridpes is
an ovidence of & unidircetionol litteral drift, weve attock on
the coast ond the wind syéfcﬁ_in_tﬁo aren. This;in cogenee
inplics that since the logt post;glacial seaflevélnrisc when
the first cnong the sondy-Larricrs was built, these processes
hove been constont aleng this constal zonme,

There arc however, sonc variationsg in the chorncter on the
bench ridges such as the toxtursl pfOperties of the scdivents,
the moturity of the soil profile, and the spacing of the ridges.

o~

The voriation in scdinent size of the beach-ridges of the
western and enstern side of the Logos Harbour scons to be due
to the effect of the provenonce of the sodiments} Whilo the
sodinen?s of locations west of the harbour wero'dorivcd from
tho moa, espocially through tho long-shors arift ond son wawe
over o very long feteh, these of the eastern side of the
Harbour were not as worn because of the ineffectivensss of the
long—shore drift in'this arce, and are thus conrse in texture,
The varintion in the spocing of beach ridges, scens 4o be the

cxpression of the differcnces in the intensity of their
1t
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fornative processes such op sedincent supply and pericd of wave
depositioq, ot perticnlnr ponents of operation. ‘huﬁ ridely
;

spnced #idges such nz those of the Pricr barrier rzr indigations

spasnodic but rigerous supply of sand for the building., and/

=y

5
or periods of the still munad of the gea-level thot the height
of the bern reacined undeveloped as a result of thic acarcity

of beach natericl within the uvave bese.

By the virtue of the differences in their asc of Tormation,
the provenance of the sedinciits thot rneke then up and the
intensity of the varicus gcomorphological procosses ihat cetoed
on then, the beach ridges exhibit o variety of céntrasting *
forns notably in relief, sediren’s characteor and éoil noturity.
The heach rlnhﬂs of the Tricr berrier for exa 1p¥e vory betwreen
three ond four netres in hel it abovo sea~lcvel. LT _after the
occurcnce of a variety of postmdeyositicnal chongos in them

k3

wip oit the beach ridges were s~regter ot the tine of their
- . . - i

3

evolution., On thig basia, it is possible to sugg 8t thnt o

further rcduction in their heislits with tinme

=N

g lilely. The
variations in the ho: ht ~f the beach ridsges on the bio sondy-
arricr formpnticans, illustrate the disparity in the intonsity

of the forcee thet built them un. Hence the 3ighcr ﬁOach
ridges can be used to illustrntc higher wave éno oy onviromaont,
while the lower cnes nny illustrate the opposite.

The oegch ridgzes ore scﬂhrhtod by depressicng ;encrally

aligned in the sene direction with the rldgﬂ and covered by
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o combination of silt and peat, boing deposits leoft as

o]

resuld of the flooding of sore of ther during the noriod of
heavy reing,  The highesr bench ridoes have relatively stecp
glopes of betwecn 59 end 7° en e Frior barricr, while the
Jowor bwach ridres of the Irnor horrier hove. lou gx;dients of
o botwéen‘Bo'nnd, 50.
The choracteristic sodipent noteribls incluedce s quaTiz,
veathered residue of iron and ~lundniws;- silt, peat cad cloy.

Hewevor, the quartz contenis of the gedirents of the Inmcx

por contere of cither elay or poat, but, that of the Priox

borricr conteins nlrost fifG- porcent guartz, thirty pevecent

_J

ferromarmesion nincerals ~nd ﬁhérs'such ns silt,-énd noct
toetal to abecut ton percent.'.Thc avercge nedian=licnetor of
the scdinents on 1e*beaéh ridses off the prior barrier iwg
between 2.8 ond 2.5¢'while-tﬁat of the Imner barricr io about
1.60, a5 shown:in Teble-5.1. M varintion ir fhe sizes of
the srain derives ffnmthc'ago of dcposition, ond the rigor
of transport, which'cn the Pricr berrier hns bocn éorlier

catnblished to Lo vigorous, vwhile on the Imner berricr, cost
of the Harbour channel, it hra TLeen fnﬁnﬁ to b; legs vigoreous,
og shown by the verinticn in the heisht of the bench ridres.
The hisher per contarc of ~dnixturcs of ferro:e“ne isn

ninerals and eilt 4o the sedinonts of the Prlor berricr dorives

frem the time that it has been cipesed to atnoespheric weathoring
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and the subsequent breck-down of the minersls, o situntion

which has not been well-morlied on the bench ridges of th

(6]

Inner barrier.

The depth of wenthoring in the beach ridges varies with
location awey from the preseunt shoreline stch thot those of
the Prior barrier are wcathered to a depth of betwecn two and
four metres, vhile those of the Tuner barricr very betueon
fiftcen and thirty centimetres in depth and it is Dbetween onc
continetre and five contimetres on the active outer harrier.
This veriation has earlicr been attributed to the age of
formntion, but the density of vegetal coverlscqms te hevo
aided the weathering of the beach ridges on the Prior barricr.
In mosot coses, the top of the heach ridges of the Ouicr barrier
iz bare of vegetation or covercd by the Cylindrical Ioperata
grasées, s illustrated in Piz. 1.11, as such, the addition of
organic acids to weathering in this part is iess glcenificant.
The woeded vegetntion of the Pricr barricr ond the zrosslond
vegetation of the Inncr borrior may not be singulorly regorded

e5 the effect of differences in their ages but alsc of naturity

of the scils on which they greuw, beenuse vegetetion density in
the coastel zone hos been found Yo depond partly on soil
meturity as demonstrated in chaptor one. “hile there is o
deep soil prefile on the Prior barricr, no siénificant soil
profile seemed to have develoned in_the Inner barricr as is

illustrated in Fig, 2.9(A) on page 93
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The problem of drainsge is considerably talen care of by
the positive relief of . deach ridges so that weter concen-
trates in the depressions on}y”during fhe,pains and drains away
as the lovel of the waterntabig falls. 3Both surface and under-
ground drainage are unimpeded on. the besch ridees, og tho loosc
neture of scdiments permiis rapid pcrcolatioﬁ of wancr while
thie relatively stecy slopncs hoving an inclinétion,of_about 5°
drains off the overland flou. The movement bf wator is cone
trolled mainly by the lovel of underground water which is
hichest in the depressions, ocad henes the'ocqurrcncc of
Stagnont woters in thenm, but very low in the ridges.

On the Ianer barrier, gouac of the beachéridgoswhavo beecn
bresched by o post-depositionnl flooding. These cre Tound
east of Harcko villase anc west ,of Ogogoro villere ond
illugtrated in Fige 2.15. They are eIongated;feétuyps arronged
porallel te one another and seporated by low-gandy plains.
Although the pattern of evsluticn of both featwres is the same,
the proceedure of development ic alizhtly differcnt.  Thc
floods that breached the ridres of the ?nner ﬁarrio? oagt of
the harbour channclqéecm to be o reosult of n éonoral rige in
the level of .the laémon wnbor vhich might be dvue to hoavy
roinfell, or o rise in the sen lowel which covered the beach
ridgey peripheral to the Five Cowric Creck and breached then.

The same phenomencn scons to be responsible for the. breaching
‘ : X
of the bench ridges west of the Lagoon outlet on the Inmmer

L
b



barricr during the development of its braided channel. The

dotails about this have becn digcussed under Theorrier islonds'.

=
.,-_'__z--v‘
LI AR

The remnants of the beach ridges are recognized both on
the ground and in acrial photogrephs by the distinct vegotal
cover of cither cocomut palms nt the periphery of the lasoons
or wooded vegetation and Poln 4recs in the higher nporis as
distinet from the monotonoﬁé cross cover of ﬁho surroundihg
grounds. This’fcnture fern the sites for vilia&es_Such as
Gedegede, Sobo, Araromi Hoba and Ogoyo, east of the lagoon
outlet, and Ogogoro, Onigholam mnd Ikuata west of it.

They are clesely relnated to the old‘beacﬁ.ridgcs because
they aisplay an cast-west lincnr pattern, aﬁd pecur in rovs
porallel to the bench ridzes cnd have identical sgdimcnt
character with the old bench ridnes. For example, while the
nodien diometer of sand on the brenched ridges is 1.7, thot
of the old beach ridscs is l;Bﬁ,_their coefficicat of sortiﬁg
is O.7¢ respectively as can be scen in Table 5,1, Fhe
inference from these datr is an almost identicnl procenses of
depogition of beth scdinents.

Both the old beach ridses ~nd the breached ongg form o

zone of flood=free arcas which c¢nn attract settlenent. Infoct

wmost of the settlenents such cs Igonmu, Ajegunlc, fzvwo and Ojo

aren built on the bench ridses of the Prior barrier oad

cxhibit o linear pattern ns Hic ridges (seo Fim 2.12); cad of
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apecial significance in the newly constructed La~o;-3ﬂdagry

’ highway which is built in parts on the sandy rld e .tﬂOn'tnc
inner barrier, Maroko-and Ilado arc typlcal beach—rlcno sottle-
nents, while u vgriety of fighing villages occupy the top .of
the remnants of the breachcd ridges along the Five Cowric
creck,

Despite the differcnce in their ages of foémation ond the
intensity of scdiment maturity the beach ridges of both sandy
barricr formations, constitulc o homogenous landforn vnit, with

) common characteristics of mode of origin, spatisl grganisation;
sediment type and drninage patteris, Thus apart from being

flood-free, they represcnt the mogt salient relief and "drylang®

arces among the Holocenc deposits of the coastal zone, and

51

occupy o very large afoa on both barriers which oxtend much
more beyond the arca delimited for this study.

Another important surfree feature of the sondy-borrier
formation is the beach ploins mede up of an essenticlly brond-
flatish surface, between the cdge of the lagoon th the beach

ridges cast of Hnrokp and on the north-cast of the beach ridges

3 of the Prior barrier, betwoen Ofo nnd Okokomaiko. Whege arc
located in Fig, 2.5 on page 80, The beach plain wost of 0jo
continues beyond the boundnry of'the area of study into the

- precints of Ologe lagoon ¢ ebout 20 kilomcters westwords.
The common characteristics of the beach plains include

the faint rolief whose average altitude is aboud 6;2 notres
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nonotonous grass cover, very high level of uwnderground woter
and annual flooding, The sodineats are essentiolly depositi-
onal in origia, and weve built. The gontle rist of the
Okokomaiko plain from the depression between the Pricr barrier
and the cliffs of the old shore lian to the topfof the ridy
which cxtonds over a distonce of nbout four hunérod notres
suggest two mojor processes of Tormation. First, thes the
gradual risc depiets the grndupl incrense in the wove encrgy
end scediment supply as the beorrier was being built, Becond,
that the area uvas flattencd by oithcr wave floods or ~uy form
of flooding, ofter its formaticn;i'ﬁbwever, the ﬁoba/Ogoyo
plains are flattened bonch r»idgeg, ~s evident inifho aligrment
of the rermants of the beach ridses which are pafailol as showm
in Fig, 2.13,

Although tro beach plairs display identical Etrfaco
features of sedinent type and altitude, they vary in depth of
weathering, ‘Deeper weathering profiles occur o the Okolkomaiko
plain of the Prior barrier as illustrated in the éccuyrcnce of
reddish sand found up to the dopth of onc metre aﬁ whe ghallow-
wost point, whereas the profilés on the Moba/bgqu plain dig-
pPlay little or no weathering profile as illustrated in
Pig. 2.9c. The difference in the depth of weathoring
illuatrates the age differentinls in their formaticn os well

as the influence of higher lovel of underground water arrcesting

the weathering process in onc part, end a lower lovel which
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~# The Outer anndy-borrier Tormntion shown in the Fig, 234 .
is breached by the 400 nctre wide outlet of the 1o oo gysten
in this coast and crentos o situction vhere the nnteorisls
brought by the littoral drift in the wost are congiderndly
deflected into the zcn by the curronts of the lagcon outled Ly

and the boach cost of this 2utlet bocomes considornbly undor-

nourished by the littorsl arifs, This secns to cxplein tho
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initial cnusc of the difforcatisl crosion on-this 3cach,
cspeeially the fact thot the Tizht House beach has hepn.
relatively aqﬁ’accreting or p:égrading bench vhile the
Victoriza bench hes been crosive., The map in Fig. 2,15
showing fhc coastal zonce in 1859 illustratcs thig foet:
cepecially the protrugsion cf the Light House bonch gomunrds
and the snall bay creonted inte the Viectorie bench Ly ihe scas

The present configuration of the ocuter barricr as
nceentunted by the erection of the three steonc roles which
projeet into the sea and built to keop the enironce to the
Lagés Harbour frec fron sedineat accumulation,:butqwhich have
toisporarily prevented the wostecost Arift of natorinsl COToss
the outlet from nourishing the beaches enst ofait: Henee, the
porgistont rete of rapid_crdgion between 1911, wheon the noles
were completed, and 1957, when the docunented neasurcenent wag
nade showed that the sen hod ponctrated into the peoach for
about 1,200 netres ot tho edza of the enst nole and ~bout 900
netres two kiloneters castwarcs (L.E.D,B, 19560),;

Llso, the relatively bread nature of the iight louze
beach, which iz nmost cases oxcoods 30 nctres betwrcen the lew
water mark and the bench crest as shown in Pig. 2.14 con boe
cxplained by the stendy rote of progradation which hrg Teen
accentuated by the trapping of the westecast 1ittoral drift

behind the west nole &8 rost of the waves brealk fartheor off-

shore en the undervater 'hors!,
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The bronkin@ of waves nfTghore explainé the Tov-height and
gradicent of the beach which ig ohout one netrg.anﬂ 2” regpect-
ively, becouse the energy of 'ho‘navos hnz been refr@ctgd by
the under-water bars, the nositions_of which are chowm off.

shore in Fig. 2.15, this enuses the bnckewash to Loeone very

Y

wvook in transperting motericls from the beach. Tonsequently,

lov beaches result and the angle of inclinetion in vory low

ag illustrated in Pig. 2.16 gheoviag the profiles of the beach.

Q]

However, on the Victoriz beach, espzcially botireon the

Yagtern tip of the ceat nele end o distonee of obout 200
netres, vhich lies within the srea of severcst crosion; there
1o no beach berr developnent. This is likely to rcsult from
the deen water oxtending up to about six netres from the heaoch,
which enhances wnves with’;; cuplitude of nenrly four nefros

> "; el L Loomt s ' oIe t‘--
. to break on the beach without boing substaentially rofracted.

, L e .
«8 o regult of the turbuleiice of these waves no under-water

bar ism visible from abriél'phofographs in the nscrshore wone
of this area, and hence the natorials which showld heve hoon
built up inte a bemn wdre?trnﬂsgorted dewir into the seq,

lenving o two metre high shnd-cliff cut inte the bosech., Tho

sand-cliff is illustrated in Piz, 2,14 on pase 112,

The localization‘of-erosivo cctivity and hence the :

development of sand-cliffs in Hhig ares ean alse he cxplained
t
by the aetivitios of wavos wiuich break od the bensh for the

first tinme in thie arca after their long journey fron their

: ' +
L B . . it - '1‘ -
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zone of wnropagation; which might be éhousands of kilometres
away in the Atlantic Ocean. Also, those waves that bregk on
the moles, develop some turbulent currents which‘ﬂave been seen
to scour off the sands on which the moles rested and lead to
the gradual collapse of the moles os shown in Fig. 2.17.

The course neture of the sediments in this ares renders
them vulnerable to wave erosion os the combination of coarseness
and poor sérting make them easier to erode than sediments of
relatively compact grein-packing like on the Lizht House beach.
Thus the sverage median.diasmeter of 1.2¢ on the Victoria bench
is relatively coarser than that of the Light House beéch which
is about 2.5¢ in Median dismeter, and hence the diffe;eﬁtial
susceptibility rzate to wave scouring. This has been confimed
by King (1953) on the Lincolnshire coast in England when she
stated that the coarser the sand the greatef the amount of
seaward by storm waves' (King 1959), It is therefore likely
that thernte of seaward removal of the Victoria beach sands
is partly = functi&n of the coarse nature of the sand grains,
and partly of the turbulent nature of the sean waves ns well &s
the steeper grndient of the beach.

ifter about 200 metres from the base of the east mole east-
wards berm development on the bench becomes visible and there is

a change in the becch configuation 25 shown in-Fig. 2.14. -
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This change includes a broad beach, about six metre-wride at
high water, terminating at fthe foot of the storm clifl on the
beach crest, and the height of the beach variecs belween one
and two metres. The immediate change in beach dynamics here
to a relatively accretive procecss arises from the fret: that
the effect of the currents provoked by the deflection of the
vaves by the mole has diminished considerably leaving 6n1y
dircct wave action to zet on the beaches.

Between Kuramo beach and Alagutan v1llage.o st of the
Victoria beach, the configuration again changed as depicted in
the gradual bulging of the bheach into the sen, as wvell as its
attainment of height reonging from two to three motres, and s
gradiant varying between five and six degrees. This chonge
is an cvidence of the reduction in the intensity of heach
crosion, which has produccd sreater wave deposition and
beach stabﬂilty in thesc parts. It is likely that gs this
arce liecs ‘n/jrcen three to cight Lkilometers from the tip of
the enst mole where the scvercst crosion tzkes place, some of
the materials removed arc being doposited by the woves ond the
nevly doveloped littoral drift. This becomes more cvident by
the fact that the dycd-sands used in determining the dirocfion
of transport of beach materizls on the Viectoriz Beach were
cncountered first at the Kuremo beach, Lawani Villoage ond in
greater quantity along Alagutan beach. Also, the median size

of the meterials in this zone iz not quite differcnt or doecs
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not vary very much from that of the Victoria beach, while most
of the sand grains are littlc worn. These suggest that mést
of the sand grains deposited on these benches are derived
from the angular sands dumped on’the Victoria beach from the
lagoon for beach replenishment and are drifted castiords by
wave currents. The average median size of the grain on the
Victoria beach and at loeations cost of the beach is about 1.28.
Although the intensity of beach crosion decreascs cast-
words from the Vietoria beach, the limit of'eroéion is
difficult to define, (Vaterloopkundig 1961),ihonco”th9 castern
streteh of the outer sgndy barricr formation can be regarded as
essentially orosive. The zeneral cause of this crosion is
likely to be related to the development of the west-cost
littoral drift of sedimonts to the east of th; arce of study. -
This phenomenon is likely to he related to the beach procecses
working along the coast, honce the analysis of the forces in

action along the coast is nccessary at this strgo,

2.4 BEACH PROCRSSES

The study of the processon of beach morphology slong
this coast is 1likely to illustrote their role in londform
developnent and form the basis for predicting . future trends
and consequen;ly be o guide for the planning and development
of the beachess The major processes of morphology inelude the

scn waves ond their associsted currents and the influcnce of

" man. These broend headings can be further broken dowmn into the
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type and pattern of waves,. the llttoral processos sncp nﬂ‘ ';7

long shore currcnts, tluol ov?roats, and other vave 1vqucod
currents and storms,ﬁwhlle ﬁho rolo-offmon=includosutho-con--

tinuous 1nterforonce Ultb tho Aotur 11 processes lﬂ uhc c use

of the pursult of hls da 11y stwos Ce B the orectloq of B

pormonont stxuctuqes.whlch are meont to modwfy thc nct:l.on of

geomorphological processes‘olong the const.

. -

WAVES < o ‘. .

The average h01 zht of the ol”ﬁlflcant weve. (hln 1959)

mcnsured in tho fﬂeld 1u bccwccn one and two motros had nay

ooch nbout four. notros durwnﬂ storms, ‘The}lOpn Jd lov swells
of betvecn one and two . rotreu in height aro ocean U“VCS which
are constant throushout he yeor Their energy vnrloo with
the position of the tlde adé_uncv becone cr051vo at nlrh tide
and ot low tlde thoy arc uepoultlonﬂl in most coses But tho
high swelis or "storn—waves chnre oterlutlc of tho moaths of‘

July and Auguut every yoor arc cbout four metroﬂ hlgn woa

‘Tive netres in longth.-‘Thoy both riginote fron o,moutﬁ -

south-WGsterly'direcfion and b“o(h at an onrlo of 210° on the.
: :

coast (Webb 1960) (WBDECG 1970). The. oceurrence of strong

wvaves during the rainy scnson in the Niger Delto, has been

associated with the ‘poss‘ng,e of 1ine Sq_‘ll(’lls, (ru-mro 1960)

Bowevor the pousidbility of the nassage of line sgualls con not

be totally ruled out since this hag not been ﬁerifiod, but
t

evidences of stronger wind forec of up to Ben aufort 8 in the

3
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~ nonth of August cach year (letercolosical Report 1970) night
explain the cause of the stcepness of the waves in this crea
during this period. Althoush crocion oceurs thronshout the
Yyoar in the forn of ‘cuf and £i11* resulting in the dcvelqpmﬁnt
of the berm, the merks left by the erosion of July ~nd August

. | every yeor arc found as low scorps on the aceretive Light House
beach and as sondy cliffs on the Victoris beach. Icnce it is

pogsible to associate the period of the srcatest crosion with

the period of heavy raing, vhen storny winds develop.

YAVE CURRENTS

A varicty of currents develop as o result of the ongle at
which the woves break on the beach; and thoy Hclp in scouring
beach materials and in transportinz them along-shore or into
the sca. The effectiveness of the swash and the back-wash ig
deternined to a great extent Lv the beach gredicnt, hence
thece currents are nore effective on the Victofia, arano and
flamuten beaches with hisher zredicnts than on the Light House
bench in the removal of nntericls. However, the renoval of
noterials fron the beach is e nnjor activity of the bocl-

'

vosh while deposition is the vork of the swash. Waen the
beach is steep, cnourh materinl would not get up te the beach
crest whereas the backwash aided by the force of _pravity renoves
a greater quantity of nntericl sco-wards fron the beach faco.

The currents developed os o result of the confisuration of the
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.
coast caspecinlly of the outlet of the Laéos Harbour oz chown
in Fig. 2.17.

The conplex naturc of currgnts illustrates the pottern of
sedinent disporsal in‘t£is aren; The waves of the Atlontic,
beoting on the Yost ﬁole developed into a réversgé current
which trensports naterial westwerds between the low and ﬁigh

¥ 4
yater marks vhilst another oves parallel to the ncles ond
trensport sedirents into the outlet., The latter currents
scen to be responsible for the novrdlshrent ofm%hgiﬁqéﬁé bar
whose depth is put at below twelve metres (NEDECO 1970); and
the position of which is shown onn the map in Fig. 2.17, ,

The lagoon_qurrents neutrnlise the effect of cny vent-
cast current at the outlet and divert the currents sea-wards,
cspeeinlly during the ebibw-tide. However, fhe sco waves, which
onter through the outlet seom'tO'be-rQSpdnéiblo for the build-
iﬂﬁ‘pf‘the Commander Sheal in the Vestern side of the cast
role, while the Guinen Currents are in a distancs offshore and
noke no effective inmpact on the beach dynamics. The con-
scquences of these currents includo the undprécouring_of the
rock boulders of the Yest Hole iaich has led to the mradual
cdllapse;of nmﬁy into the séa, the nourishmén; of the loagoz ber
at depth, due to sands by-passing the ﬁéstnﬂolo (Uatorloop—
lundigs 1961)'.- and the buildins of the Comnander Shool.

On the Victeria beach, clmest sinilar currents develop

as described nbove; these arce shown in Fig., 2.18. 7The woves

3
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breaking on the nmolcs develop into a loeal turbulent current
parcllel to the noles and are regponsible for undcrscouring_'
the rock boulders and forcing then to. cellapse intc the seq,
and at the sanc tine-the'éurrcnts conbine with the wave
currents at the tip of the Jast role to initiate intencive
seouring that ngrravated the roto of erosien at the point,

The wave currents develep inito o west-east drift and transport

naterial east wards.

"

The peculinrity of the besches between Kuroro and -

Alagutan is thc developrent of vip currents, Shepard (1943).

These currents develop at the depression between two cusps
-
and can be scon over nany netres as a bedy of wnter noving

1 into the seoc behind $he brecker zone. This process is

pronouncedlmainly during the hish water period. It ig
loconlised to thin part, bocounc of the steeper sradicants
which initiated the concentration of woter into the Vyoles!
of cusps, and which itself, is & feoture of relrtively stocp
heaches on this coast. The cifcet of the currenis in goneral

gecns tn bo the ncecenburtion of boach crozion and the renovel

of boach naterisls.

So far, a detailed czorinntic: of the character of the |

i

londform unite in the cecastal mono hos been rade above.

Llthough, rost of the londforn units cxeept the vadvloting

and low sendy plaing display cortein genetic sinilorities they

:7\" o ]'-!‘m 3
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also display distinet differcances in their detniled character,
which provide an appropriate fronework for classifiing then
according to their lond use potontialitics., Also ciforts

have been made to relate the evolution of ench landfﬁyTzunit
to the environrental factors discussed in chapter one, og well
cs te clucidate the relationship of the contonporary geomorpho-
logical processes with leondfeorn choracteristies. fhns, in
chapters one and two, o socund Locksround analysis of the
physicnl environnent of the Losos Constal Zone haé been
cstablished. The next chopter mives a detailoed account of
sone of the Geonorphologicel problems peculiar to ihis const,.
vhich cre relevont to the objectives of this thesis, nnd it
draws a relationship between the problens and the geonorpho-

logical foreces at work in the area,
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g
CHAPTR TIREE

3

' CRRTAIN GVOVORPHOLOGIFfL PROBLEMS CONSI,TI1

AN THAR “GLSELI _ZONE

Ls a result of the infer-qction of the environmental
factors discussed in chapters one and two qn'one_part and the
interplay of human activitiez on the cther, a veriety of
geonorphologicael problems waich have contributed to the
over~all problen of land soarcity, exist side by side in the

coastal zone of Lagos. The mnjor problems, ineclvde localiscd-
land suhsidence, flood hozards, 5each erosion and sedinent
accurmilation in thb Lazos Horbour mouth. The first threc
which have been identified os contributory to the problen of
1ond scarcity in the oxres, arc &iscussed ezhaustively in thié
chapter.

The problens aro'exaﬂinqd in relation to the various
environmentgl factOTS'consiﬂercd gurlier in the thesis in

the first p part, while the second n;rt annlvsos +ho bacbxround

W 'vi’

infornation nbout tho‘problcms oz they 1ffor" +qe crastml

gone, the nmecasures tolten to arrest then and the uccpc of
success and failure in thence attonpis. The significance of
goomorpholosical investigation to problens like thaesc oncs

ig given a critical appraisal ond justified. Poforc vhis
deteiled analysis is hegum, it is necessary at this stase to
cxanine eritically the detoilz of the previous reomorphologicct

and related investigations carried out in the cocstal zonc of

P}
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Lages, with o view to undersicading not only the character of

the area but the depth of iuvestigation of the problens botter.

3.1 A RBVITY OF PREVIOUS STUDIRS

e e

The forenost pioncer gconorphological study corxried out
in the enastal zone of Logos iz the work of Pusgh (1954&, )
which is a general descrintion of sande-ridges west of the
Lagos Harbour. His corments chout the orientation of sond-
ridges and the direction of the littoral drift on the
fAtlantic beach have been found to persist up till +4he present
noncnt and.have‘héén quoted in the provious. chopteors. Anart
from these, nost of his assunptions nbout the evolution of the
laroon syster, the ridse ond swole concept, which he developed
Tor the sandy barriers are fowid not to be;totallﬁ corract.
Ilis failure to describe the character of the gedironts in
order to lend ;rgupport to his Lérinl pho%ﬁj éﬁh énalysislof '
the sandy ridges, accounted fcrlhis innbili%& to give the |
muéh,nacdedainfornatioh on ¥he toxburnl and structursl

characteristics of the consial sedinents. . However; his work

vas inspiring and wos cited By other workers like Welh and

H111 (1958) Uobb (1960) ute, on the Codstal aren of Lagos; in

particular, his work offers o ood source of reforcace to this
thesis as well.:
X Tats -l T3 ( ) CRRT ( - S
The works of Webt and Hill (1958) and Tebb (1950) which
are outline studics of the poncsis of Sandv-barricr formations

[

alon~ the coast of Logos relied hcavily tpon the findinge of
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Pugh along this coast. The vork of Uebh (1960) focuszoed
attention cn the retreating Victoria beach, and described
the rapid rote of erosion as due to the erection of fho
gtone nmoles at the Lingos Harbour entrance. Ag o Zoologiét,
he wos illecquipped to apprecicte and understond fully the
goonorpholorical choractor of the area he clained to hove
studied. However some of hig conclusions on the couses of
erosion on the Victoria %Beoch cnd the direction of nmovermoent
of beach materinls elong the Guinon Coasf are not only found
to be true, but arc quoted in this thesis. These tue works
arc used as basic references for this theais as their contents
as well as conclusions arc of very senerel chorccter.

Perhaps, the most detniled ﬁoomorphologicaa study of
this area before now is the verl of Abesunde {(1966) in vhich
he attempted a critical onclysis of the processes of cvolution
of the londfornms wost ond north of Lagos wherein releotionships
were brousht ;ut betseen the phenonene of landform evolutidn
in the sedinentary basin and the littoral zone., Ho used air-
photographs in associction vith landscape analvsis ond

1

sedinentological technigquez to derive his data.  Althoust
his work is largely theorctical in comtont, it gave o broad
. . s
conceptual frameworl for the cvoluticn of landforng and
established a geomorpholosical nep of the aren at o seale of

1:50,000., Sone of his conclusions have been used gs. 2 working

hypothesis for the theorciical aspects of this thesis.
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The work of Koemnisbersger et al. (1962) which cxanined,
assessed and evaluated the guestion of Land scarcity in
Hetropolitan Lagos is perhens the only work that citempts to
touch slightly on problems of land resource devglopment before
this thesis. The work of Joemiisberger et. a2l,, was spcnsored
by the United Nations Technical Assisfant"Programme and its
scope did not exceed the bnili-up parts of the metropolitan
t‘ area. As this was not a peomorphological study in any form;
its relevance to this thesis is confined_to the call made in
its report that a land use agzency to take stock of nev lands.
. for development should be established by;the Federal Govermment,
The work did not in any form cxomine any éeomorphological
agpects of problems arising from the management of land around
Lagos. Rather it based its conglﬁsions on the amount of
populatioﬁ, and the econowic grouth of the metropolis. In
fact the work did not recosnise any of the problems discussed
in this thesis except that of land scarcity in general,

The call for the stocltalzing of the land resource in
Lagos area madé by Koennisberzer and his!team in 1962 is yet’
to be fulfiled; and if any atiempt is being made at all it_is
in the allocation pf the existing land to various land users

or the acquisition of unused land areas by goverm:ent edicts

without taking stock of the 7aAd. Tt is éhown 1n this thesis
¥ that the call of Koennisberser et. al. (1961), should not only

s involve a survey of the unusod lands around Ehe netrqpolltan
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area of Lagos but the analysis of the character of the various
) jandforms, and the classification and mapping of these according
L to their observed charamcteristice. In this way the classification
and mapping would become useful in a piactical way to planners
of land-use in Lagos.

A1l other works on the‘Coastal zone are localised
engineering investigations which did not take full cognisance
!} of either the geologic and/or the geomorphological histéry of
the area and as such, most of their recommendations where
jmplemented have not succeeded. These include the works of
Yaterloopkundig laboratorium of 1951-1961 on Lagosc Harbour as
well as on the Victoria beach. The failurerof the recommend-
ations proposed shows certain misunderstanding of hasic
geomorphological factors of the liagos area which arose from
e consideration of Engineerins methods per se without due
regard to the geomorphic character of the area. This thesis
draws attention to the fact thnt engineering activities must
be based on a sound knowledge of the character of the land énd
the forces that modify it.
The previous geomorpholosical studies revicired are of

fundamental significance to the theoretical aspect of this

thesis, while its applied aspect becomes innovative in the

absence of any proto-type study.

i
i
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3.2 LOCALISED LAWD SUBSIIVIT

One of the geomorpholosical problems identified in the
Coastal zone of Lagos and exavined in this thesis is localised
land subsidence. This results from the sinking or shrialage of
underlying sedimentary materials in particular locaticas
especially in exposed and draincd swamps and in arecs which
have been reclaimed with assoried refill materizls. In the
case of swamps drained by exposure to evaporation and rapid
colonisation by vegetal cover, the underlying‘sedimentary layers
contract as a result of the lozs of water to evaporation and
vegetation., As a result these areas shrink and form depressions:
generally filied by flood watexr throughout the year. .ixamples of
such areas include the depression between Ijora, Izannmwe and Oto
villages, the north-south lagoon depression ffom Fakoko to
Oyingbo in Ebute-Metta and Okesuna swamp in the Lagos Island.
These are located in Fig. 3.) on page 137,

On the other hand, most of the reclaimed areas within the
ﬁetr0politan area have shrunk To depths varying between - 50cm.
and - 1 metre especially in the arcas around Rgcl@mation road,
0ko Awo, Tdumagbo, in Lagos island, south-west'quyi and parts
of Odunfa street in Ebute-leita, the Railway Compound, Maloko and
Iwaya and parts of Surulere arca on the Mainland, These areas
are located in Fig. 3.)1. The shrinkage of the refill materials
has been found to result from the decomposition of these

materials, the loss of water from the $wamps as a result of the
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filling and the eventual coipaction of the sediments and com-
paction and shrinkage due to artificial 'static loading' with
buildings and 'dynamic loading' by vehicular traffic.

Sinking and collapsed houses have been obsexrved in some
parts of Lagos especially in Olzesuna vhere a school which was
built on reclaimed swamps conpletely sank; and-in mhute-dietta
where a Health Centre built at the edge of a former north-south
flowing creek have to be reinforced to prevent it from total
collapse, and near it was the Tour storey building at 61, Odunfa .
Street, which collapsed in Vovember, 1971, Some photographs
illustrating some of the affected buildings are choun in Plate 3.l.

Most of the roads within the city are characterised by
series of depressions, resulting from the shrinlase of the
nmaterials used in refillins them. Such depressions occur in .
former beds of creeks or swarwg over which the roads are built,
These depressions have beon described as resulting Trom local-
ised land subsidence, becausc of the size of arcas olffected
which is generally less than 1000 sg. metres in the nost affected
parts of Idumagbo area. In moot cases however, when there is
any sign of the sinking of resicdential buildings taey are
abandoned or pulled down énﬁ reconstructed to avoid disaster.

Apart from the ultimate result of collapse of houses,
most houses have sunk belouw the level of the street pavement,
and flood waters invade the houses affected during the rains.

Examples of this exist in Idunasbo, Reclamation road, Sbutedetta



PLATE 3,1

[ . —
] o

COLLAPSED HOUSE AT I'0 6], ODUNFA STREET, NEUTE_METTA

4D OTTi
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b and Oko Awo. Some of the setiled parts are isolated during the
floods accompanying the heavy rains, vhile some of the sireets

become impassable because of the concentration of flood waters.
Above all, with the occurrence of these problems, life does not

seem to be safe in these and other uninvestigated parts of the

settled areas of the metronolis. Land subsidence thus constitutes
an environmental hazard to the people of»metrépqlitan Lagos. The
causes of land subsidence vitu respect to the arcas nentioned
above, is examined in the following paragraph.

In the coastal zone of Tores, land subsidence can be

’\\ explained as resulting frow de-watering ahd‘compression of the
underlying sedimentary layvers by the processes of drainage and
reclamation. The geological huild of Lagos and iis environs‘is
such that alternating strata of sediments We}e laid dovn. Most
conspicuous among these is thevalternéting guccession of sand
or clay or silt which marks the phases of sédimentaﬁion described
in chapter one. In some places the beds offformer laroons and
creeks have also left very thicl: successions of sili depnosits.
A1l these occur in the reclained areas of Lagos zhoun in
Fig. 3.1 and described below.

The exposure of the suzface of these deposiis o direct

evaporation introduces the elements of mudw-cracking, induration

of minerals, and compaction to the sedimentary layers. This in
effect produces the general lowering of these suifaces by the !

process of de-watering. Fowever if the area iz drained, by
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building dykes and pumping out vater as in Marolio and Tin can
Island, the rate of de-watering is accentuated zid sediment com-
paction takes place more rapidly. Althougﬂ these “@ro methods of
de-watering takes place in Tarsog, they don't.gccellerate the
rate of subsidence as the other aspect described hclow.

The problem iag also closely relatgd to the meological andl
geomorphelogical character of the land, and the metizod adopte&
by man in reclaiming the arcos vhere the problem exists. It is
shown in Fig. 311 and 3.2, respectively that the arens affected
by subsidence are former marshlands and swamps. Although the
main causes of the problem have been identified as due to de-
vatering of sediments, a furither examination‘is necessary to
agscertain the extent of the influence of the-forcq$ of nature
and that of man in the creation and perpetuation of the problem.
It is common knowledgg, that the Coastal zone consists of
alte#%te beds of sand, silt aad clay, so that any lapd deﬁelop—
went programme should talwe cognigance of this fundanental aspec%
of iand in relation to de-watering, compaction e2nd subsidence.
It seems as if this aspect of the land character wvas unkuown to
the private land develovers, and was neglected by Covernment
agencies, hence the occurrence of shrinkage, and subsidence ali
over the place,

In the quest for land for buiiding purposes, the people of'
Lagos have depended on both private and Govermment financed

land development projects. The private or communal developers
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are found in the first settled parts of Légos Island who had
developed their lands before the Government develowned interest.
The arcas developed with public fundg by the Govermment agencies
include N. E, Ikoyi, Okesuna, Elesin, I dumaghbo, Taba layout,
Apapa, parts of Iganmu, Victoria Island, Race Course and Itirin
lagoon. |

In the reclaimed areas the problem occurs because of a com-
bination of factors such as metiods of reclamatiqn,‘materials
used in refilling, and time allowed +to natural de-watcring
processes after £filling and beforc erecting blociks of houses on
them, First, the methods of reclawation can be -clazsified ag- (1)
filling depressions or swamps ith house-hold refuse as shawn in
Plate 3.2. (ii) filling svenps with ferrugunised sauds dug from
Ojota Quarry in the northweast of the area of study (iii) filling
with lagoon sands pumped into {lie depression or svouns with sand-
grouses and (iv) construétion of ditches and encourazing vegeta-
tion growth as in the area between Moba and Ogoyo aad the Tin Caﬁ :
Island.

One of the major criticisms of the methods of land reclamation
in this area is the neglect of initial surveys of the depth of
clay or silt in the swamps to be refilled, the egtimation of the
amount of materials to be used, the types of materials %o bg uged
to reduce the incidence of shrinkage and above all the non—
recognition of the problem of lend subsidence as ap off--Spring
of the methods adopted in the reclamation procedure. Out of all

™
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R N s .
swamps .with any type of refuze, sand ete.

ER|

the areas reclaired in Lagos wn To 1962, rocords only shou that
there was a survey of the depth of depressions in the notional
s - i L L o . -
stadium Surulere’ to deterwine’ the amount of refill materials

. , IRV I R T B o
.necessary (LEDB égport 1962}, and sample cores oii’ the Victoria™ -

%

Island show %haf the dopth of mud and peat'was about 7 metres

(LEDB report 1932). Apart fron thésc there is no indication of

R NI & C ' e ge Lot W
any prellmlﬁarngurvcy of the ares to be reclaimed within the

Y
..... -

TA o e + [ e s . .
*Coastal gzonel” Most of the yprivotce*dévelopers~do-not hother« -

about all theseo as their main';onqerns vere’just to fill uﬁ the
What can;be considered to be the second wealmcss on the
part of past.deve10pers iz the rush in constfucting buildings,
roads etec. on nevly rccleimed lands. This might be an index of
the high demand for land for settlcuent expaﬁsion, it is also
a way of contributing to the »roblem of land subs;donce when
heavy strueturcs are 'leaded' on relatively 'wastable!
materials. This high domand calls for a comprehensive
inventory of the land in this area, so that problews of
malking ue2 of lands that mey readily deteriorate can be averted,
especially in the case of »rivatc develapers vhose capital may
not be enough to sink deen fourdations.
The second criticism im aboud using house hold refuse in
reclaining swamps as shown in Plate 3.2 and carried uwt at
present in Aloko, Surulere, “emetery street Bbute-ileita, Tbute

Elefun and parts of the 8and Grouse market in Lagos.
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This method is encouvamed by the lagos City Council, as evidenf
in the fleet of refuse carryins vehicles which discharpe ﬁhese
refuses into the swamps. Apart from being a crude nethod, it
is slow, unhygenic and mives very poor results. JYa fact, refuses
decompose very slowly, while the organic acids liberated from them
aid the weathering of any sandy materials below, zo %hat rapid
sediment communition and infact sediment compaction are aided
by this process. Also the relative stability of thc sediments
cannot be guaranteed, especially when houses erccicd on areas
reclaimed with refuse may collapse as exemplified by the Z'.ur
blocks of classroomsthat hogu been abandoned in 5. Finbarrs
College Akoka. _
The most widely used mateorizl for private ldnd development,
and road building in lagos is the ferruginised sondg, ouarried
at Ojota on the Lagos-Tbadan road in the north-eastern part of
the area of study., As it is shovn in chapter four, Ojota sands
are coarse textured with admixiures of ferrusumnisecd cands,
Although these materials give immediate results of relatively
stable land, they shrink with time into the under;yiag layers of
saturated clays or peat. Thigz is because their chemical com-
position mainl& of ferromagngésian minera}s enhance renewved
weathering of the grains into riner sizes, thus redveing the
liquid limit as the sands Dbecone engulfed by the more humid

layer of soil below. Sone houses whose sites vore recloimed

with this type of materials are not only sinkins but have been
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abandoned or rebuilt along Anim;saun street, in Jurulefe, vhile
roads such as Eric Mooreqﬂpépa Road, Ijora-fipapa road, @nimasaun
gtreet and Ajegunle-Malu rOaﬁ f{lled with these materials
consist of horizontal depreqsigas marking placcs where these
materials have sunk into thé'uﬁderlying swamp., The quality of
these materials for refilliné is not condemned bui the method

of application. Thus rather:than spreading the Terruginised
sands on swampy horizons =5 30U is the practice ot nresent,
efforts should be made to rcfiil depressions Trom denth with

these materials so that the iseidence of rapid shrinikage will
H
be reduced.

used in the area, especially:bj contractors and Government
spongsored agents is the sand-2rouse for pumping lpsoon sands
into the area to be recloimed. The quartz sands seen to be the
sediment with the largest mean size and the largest inAquantity
in the coastal zone. It is heither lubricated Ly water
(Casangrande 1932) nor easilyrdeformable as other finer text-
ured materials like clays or pilt (Taylor 1947)? but in tﬁis
area, the quartz sand does noi deform by itself,.but;sink-into
the muddy layer over which it is spread. Second, <he lagoon
sediments contain about 65@ sead, 30% mud, and_ldﬂ calcareous
materials (Sonuga and Puzanov 1968) as confirmed during
laboratory analysis and shgim in Table 5.2 on page 223, vhic¢h

b

are pumped to refill swemps. In essence, additionnl 3% of

Xt L
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materials of finmer texturc are added to evéry swonnn filled with
lagoon sand, thus increasing ithe incidence of carly shrinkage
of the refill materials,

Apart from this,'the lazoon sands are'pumpod'vith water
jet, so that much water is added to already szivrated swamps
during this process and as such, it should take a longer time
before the construction of buildings should gtart on such
places. Although the sand purning methods involve very large
capital investiment, it is the fastest means of land reclamation
in the Coastal zone and can hHe more effective if improvements
are made in the whole systen of land reclamation ciercise
throughout the coastal zone. Such improvements that can be
made are described in the conclusion of the thesis.

The last method used is the draining of swamp lands by
digging ditches to connect them to flowing rivers or crecks as
is the case of the Moba-Ogovo Plain, Tin Can Island, Hakoko and
Mational Stadium Swamps. This is perhaps the slovest method
because it encourages the tvin processes of draining surface
and underground waters away. This process is aided by the
exposiire of the surfaces %o cvaporation as well ns the growth
of vegetation which leads to the eventual atabilination of the
soils, As it is a very slov mevhod, it ig not recommended for
areas of high demand for land as in Bagos,-but can be an

alternate measure or a preliminary measure to land development.
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From the analysis above, it is clear that the problem of
land subsidence resulting from leading is a common occurrence
in areas of loose sedimentary formations but that of Lagos
area has been accentuated by obvious mishandling of the re-
clamation projects duec to the poor knowledge of the basic
geological and geomorphological chargcteristics of the area.
Itris therefore necessary %o build up an inventory of the land
character in the area, so that land-development programme might
be guided and be handled by thozse who understand the implicat-
ions of the forces involved in the evolution of the land.
Other problems exist side by side with this in the coastal

zone and are examined below,

3.5 FLOOD HAZARDS

The problem of flood which, as has been described earlier
is closely linked with that of land subsidence, because the
flood waters concentrate in the depressions created over the
deformed land surfaces,

The map on Fig. 3.1 shouys the location of the areas hit
by flood anmially. Land subsidence is only a facilitating
factor as far as flood hazard is concerned in the Coastal zone,
especially since flooding is not limited to settled areas as
land subsidence is, but to undeveloped areas as well., The whole
of the area between Oto and Tgammu village and the following
places: Makoko, Ilaje, Animasaun, parts of Iponri, Bariga swamp

on the mainland are permanently flooded, while the areas
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described as swamps in chapler two as well as the former
nmouth of river Ogun shown in Tig. 2.2 on page &2 are generally
flooded during the rainy sesson.-

The main causes of the problem of floodlhazards are again
both geological, geomorphologsical and anthropggenic, The
lowying location of the coastal zone and the lcoze nature pf
ity sediments give rise to free capillary movement between the
gsea and the adjacent land arecas, the lagoons and coastal
rivers; as shown by the rise end fall of the lcvel of the
stagnant wvater in Swemps such as at Tarkwa bay, Haroko,
National Stadium and Ikoyl Pewt with the tides. Thus the
geomorphological processes such as tidal movemégts, under—
ground see-page and surface flow of water induce a compensatory
flow of water from the sea to the land and vice-versa. This
coﬁtribufes'to the high level of'underground water character-
istic of this coastal zone.

The heavy rainfall of about 1,800 mm, per anmw distributed
in the pattern described in chapter one contfibuteé to the |
high level of uﬁdérground water, the high rate of over land
flow and the retention of the water in depressions for most of
the year and in some cases permaneﬁtly. The relief_character-
istics which are expressed ihﬂﬁhe low and monotonous plain
with very gentle gradient between 2° and 5° in fhe_steepest
parts induce the iﬁpidence of stagﬁanf'pools of vatier an&

flooding in general, because the force of gravity as provided
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i by the gradient is not sufficient fto drain the water away, vhile
the high level of underground water makes its percolation
difficult. The only exception to this are the sumni# and sides
of beach ridges, especially vhere they are galient as on the
F Prior barrier, and parts of the Inner barrier, and on the slopes
] of the 0ld shore-line cliffs ag well as the ridgcs of the
undulating plains to the north-east. o

Apart from these local phenomena, the existence of &
complex drainage system, combining the waters from rivers Ogun
Mgjidun and Afa directly in the lagoon, and thoge of Oni and
Yewa indirectly througn the crecks, and the volume of water from

the 400 metres wide cutlet of the lagoon as well as those in

the net-work of the lagoons and cfeeks in the area contribute
subétantially to the high level of underground water and the
incidence of floods in the coastal zone. From the analysis of
this problem above, the mosmitude and.frequency of floods can
be infefred and a knowledege of this is necessary in planningv
future land use patterns in the coastal zone whose developéd
parts are nearly all ridden by flood problems.

However, the human aspect of the problem can be found in
the occurrence of flood in the developed parts of Lagos,

isolating one part from the other during the rains and destroy-

™
*

ing homes and propertics in other parts. One of the main causes
is poor planning as showm hy the poor aligpment of streets, and

orientation of drainage channels against the slope, indiscriminate
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reclaﬁation of swamps, vhich formed the debouchements for the
street drains. These are exemplified by the drains constructed
in both Jankara and Sand Grouse narket areas; Others include
the direction and discharge of drainage channels into residen;
tial areas as illustrated by the drainage of Sabo areas of

Yaba into Makoko %illage, those of western Mushin into Aﬁimasaun
street in Surulere and thoze of Surulere into Igammu area, whiie
river Afa flows into the swamp west of Iganmu.

All these seem to reflect on the type of preliminary
surveys carried out in these areas before development. TFor the
Lagos Island, there seems to me none at all, but for that of_
Surulere, there seems to be little foresight iu the planning,
because areas regarded as out of reach of settlowent expansion
and used as debouchement of drainage channels are noy inside
the new estates going up at Iganmu and along the Baéagfylroad,
west of Iganmu., For a better and more feliable future piénning
it will be necessary to bring a larger area of land under con-
sideration and an inventory of the character emmerated, so

that a more rational plahning can be achieved,

3.4 BEACH EROSION

Beach erosion is common to all coasts of the world (Brunn
1962) but it has become a najor threaé to devélop%cnt along the
Vicforia Beaqh and islapd; it has g}so become coimected with the
developménf of floods in Lagos over Victor;a and Tlzoyi Islands,

and parts of Apapa, should the sea Bgach the oﬁter:barrier
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formation anywhere on this particular beach. As a result of
the continued erosion on the Viectoria beach, a piece of 1ﬁﬁd
of about 600 metres in length: between 1912 when the first mole
was completed and 1968 when the last measurement vas recorded
(LEDB report 1968) had been wvashed away. The approximate rate
of sea incursion into Victoria beach between this period is
illustrated in Fig. 3.3. Beoach erosion is also common on a
smaller scale on the lagoon heaches especially on the western
marginsg of the Lagos lagoon. The areas threatencd by erosioh
in the coastal zone is showm in Fig. 3.1 on page 137.

The rate of loss of land through erosion of beaches calls
for a comprehensive survey of the areas affected, the examinat-’
ion of the causes of eroéion, a3 well as the suggpestion of

clues to this problem; ss beach erosion aggravates the problem

of land scarcity in this area. Urosiocn on the Victoria beach

is seasonal and very well narked between the moanths of lay,
June, July, September and Ocicher; with a lull in Ausust

every year. This is the period of heavy rainfall along the
coastal zone, while the month of August represents the short-
break or dry per%od between the two periods of maximum rainfali
in the area. Er;sion is common ﬁn both the Light House and
Victoria beaches during this period, but more rapid and marked
on the latter. This process invelves the removel of beach

sands by very strong waves thot develop in the sea during
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this period., The eroded beach sands are removed down to the

near shore zone by the bacizrash and from there the Tiner

part is transferred to quieter waters in the off-shore zone,

while the coarser ones are partly left over for other waves
to carry shoreward or are drifted eastwards by 1ittoral
currents.
The alignment of the Victoria and Light House beaches in
P\ 1859, illustrated in Fig. 2.15 ‘on page 114 shovs that beach
) erosion has been peculiar to the Vietoria -beach, bcfp;e the
interference by man, especially vhen a small bay developed
on the Victoria beach foreghore, while a corresvonding
accumulation of sediments develops iﬂ the foreasiiore of the
Light House beach. In recent times, the rate of beach
f recession on the Victoria becoch has been phenomenal when
compared with what obtains on the Light House beach., Field
and laboratory investigations show that the accentuntion of
erosion on both beaches and in particular on the Victoria
beach can be related to a complex interaction of the
geological, geomorphological, and climatic forces vhich
have interacted over time and are still dynamic in nature,
and the impact of human influences on the modification of
natural forces through the construction of moles at the
lagoon outlet,

One of the fundamental causes of erosion on the Victoria
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beach is its location in the castern side of the lagoon outlet
which coincidentally is in the leeward gide of the uvest—east
littoral drift that nourishes the beaches of the Guinea
Coastlands with sands. Itg location in the lee of littoral
drift accounts for its bay~like shape in Fig. 2.15 cited
above and with other factors account for the contemporary
rapid rates of erosion on the bheach. However, the under-
nourishment of the beach becane pronounced from the beginning
of this century when three stone moles were erected in the
dutlet to stop the sand drift from the west from further
shoaling of the Lagoon outlel cud a training wall erccted
at the eastern part of the Tarlara bay to confine any sand
by passing the west mole into this bay, and the cast mole, on
fhe western edge of the Victoria beach, to concentrate the
currents of the lagoon outlet into a smaller chaunel so that
it could effectively scour the channel deep enoush to
enhance the free flow of shipping traffic into the Lagos
Harbour. The location of these beaches andlthe moles is
shown in Fig. 3.4 below,

As & result of this, t?e sond drift from the west
accumulated behind the west mole, the 'Lagos bar' vhich was
the submerged 'sand bar' that had prevented ships from
entering the Lagos harbour wes considerably undernourished

and consequently disapneared into greater depths, while the |



- _

153

' FIG.3-4
THE POSITION OF . _LAGOS

HARBOUR ENTRANCE -

LAGOS
- L;gnﬁﬁi*”dr-‘

IKOY! ISLAND ]

I
[ )
|
-

VICTORIA
ISLAND

0 ~Km

SANDY BARRIERS { BRUCE SHOAL
, 2 BRUGODS
UNDERWATER BARS 3 COMMANDER

4 TRAINING WALL"
STONE MOLES 5 EAST MOLE

& EROSION AREA
EROSION 7 WEST MOLE

B APAPA QUAYS
LITORAL DRIFT
WAVES

Km 1}

BULT UP AREAS

Compiied by A. Adegboye (972

R

2y



154
v

Victoria beach became completely undernourished. Ag the.
erection of the Vest mole stopped the sand-drifi from the
west, the east mole also stopped any matérial from the lagoon
outlet from being deposited on the Victoria beach, while

this beach became the origin of a new system of litioral
drift to nourish the beaches east of it. These factors in
combination with the occurrence of strong waves and the
nature of beach materiazls seem to be responsible for the
rapid rate of erosion on this beach.

The occurrence of strong waves in particuler times of
the year accounts for the actual removal of the be#ch
materials, These waves, as have been described in chapter
twé, éré not only of high amptitude, but induced by the South
West winds over the Atlantic ocean, and are oushore,

The nearsHore ares of_the_Vicforié beach is wvoid of
under-vater bars that are sufficiently high to refract the
high waves at the base, hence the waves break on the loose
sands with great force-and_remove the sands scavards. The
beach sands are perhaps the coarsest in the coastal zone
with median ranging from_;BﬂLl;Tﬁ and consist of no matrix
or cement to make it more cohesive. Hence they become more
vulnerable to beach erosion than the fine textu:ed,(Mdz. 2.5¢ -
2.84) sand grains on the Lizhi House beach. This poes

further to support the assertion of King (1969), that beaches



of Coarse materials are susceptidble to storm waves.

Allied with the factors cabove is the development of
local currents between the Lagoon outlet and the Victoria
beach. The diagram illustrating this is shown in Fig, 2.17
on page I122 in chapter twvo. 'hen the sea waves hit the east
mole, some currents flow parsllel to the moles ~nd gcour up
the fundations, leading to the collapse of manf,gf the rock
boulders. On the Victoria beach, it has been Tound by
experiment, that some of the sands eroded driff eagtwards
probably to nourish the beaches east of it as a contimation
of the west-east littoral drift normal to the coast of the
Gulf of Guinea. In the experiment, dyed sandé werc dumped
into the point of the greatest erosion at the base of the
east mole and were found the following evening to have been
déposited in a small quantity on the beach at Apese village
barely 1.6 km, away, and the following day some of the blue
sands were at the Kuramo and Alagutan beaches respectively,
From this experiment it was established that new processes of

1ittoral drift develop on the Victoria beach and account for

the excessive loss of sand peculiar to the base of the east
mole.
The morphological character of the Outer gandy barrier

formation in general and the Victoria beach in particular is

merked by beaches of lov altitude, generally lying botween
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30 centimetres and one metre above sea-level on the Light
House beach and between 50 centimetres and 2 metres on the
Victoria beach, with steep to near vertical grodients
between the base of the East mole and Apese villoge in the
esst, and eastyards of this point the beach face has gradients
ranging between 8° and 10° in nost places. Tue Victoria
beach is narrow, gencrally between ten and twenty metres
broad and reduces to less than five metres broad at Lawani
village in the east, whereas the Light House beach broadens
to about one-hundred metres hetween the 1imitrof erosion and
the beach crest. These morphologicél characteristics aid the
vulnerability of the Victoria beach to erosion becanse its
height being generally lover than the high waves, causes it
to be easily flooded, while the gradient being steep enough
aids effective scouring and removal of beach sands by the
backwash., In fact, rip currents (Shepard 1963) have been
Tfound between Kuramo and Alagutan beaches occupying the
vales of the cusps built by waves at the foot of the steeper
beaches in these parts.

Thus during the period of heavy rains when the south-
west wind is most intense and gengrates waves of ligh
amplitude over the Atlantic ocean, which beat on this coast,
extensive ercsion of the Victoria beach is carried out. The

beach was planted with rows of Cassuarina trees to provide
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PLATE 3.3.

THE LAST CASUARINA TRLT OW VICTORIA BEACH, LAGOS
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shade for tourists who may visit it, but most of these #rees
have been washed away. The photograph on Plate 3;3 helow
shows the last of these trees when it was up-rooted by
waves in 1971. Erosion is not 1imited to this beach alone,
small scale erosion occurs on the Light House beach and the
beaches west of it. Beach crosion was reported in:Capé
Coast in Chana (Dei 1969) in the Coasts of Ivory Coost and
Liberia (NP4 1972). This brinzgs a new dimension to the
occurrence of beach erqsion vhich has been described as
eustatic on all lowlying coasts of the world (Brunn 1962,
Swartz 1967). Both Brumn (1962)‘and Swartez (1967)_agreed
that it might result from o jeneral rise in the level of the
sea all over the World, while Fairbridge (1961) explaing this
rige as due to the deglaciation taking place in the ice caps
of the Polar regions. Scﬁoll and Stuiver (1965) vhile
agreeing with the scholars above added that sea level rose
about 1.6 metres during the last 3,600 years. I+ is thus an
acceptable fact that the sea level is rising all over the
world, and the major effeccis can be found in beach erogion,
but on this coast no measurement of the changes in the sea
level have been taken and hence no data exist on this aspect.
This thesis accepts the fact that eustatic zea level rise
may be one of the causes of beach erosion in general all

over the world, but each arezc has its own peculiar causes
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as in the case of Victoria heach in Lagos.

Erosion on Victoria beach has produced some staggering
effects such as the loss of ahout 1.5 million cubic metres of
sand per annum (Pugh 1954a) (1:DB report 196é). This figure
has been put at 0.5 million cubic metres by NEHGQO_(IgGl)
ond Webb (1960). Whatever he exact amount Qf loss, it is
very phenomenal for a beach with very little sand nourishment
from natural sources. During the period between 1912 and
1968, the beach is reporfed to have lost a distaunce varying
between 800 and 1200 metres to the sea (Stanley Consul tants
1968), and 450 metres near the Kuramo beach. Another report
gives the distance between Uilmont Point on Lagos lagoon and
the sea on the Victoria beach in 1892 to be 2,250 metres
(NPA 1964) but the same distance was less than 900 metres
in 1972. The facfs abové demonatrate the pattern and
magnitude of land loss on the Victoria beach since the
erection of the stone moles at the outlet of the Lagonn.

The pattern of beach erogion threaﬁens the existence of
the beach itself and the hish class residential area of
Victoria Island in the event of a sea floodiné vhich is not
ﬁnlikely at this rate. Spart from fhe-loss of land and the
threat'of'fiood hazard, most of the landforms;such as beac£
ridges, sand banks visible in the area im 1859 have been’

destroyed, and the attempt of man to arrest the erosion by
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building sand banks, pumping sand, planting trees and erection
of timber line on the beach had further complicated the
geomorphological processes occurring in this area. It is the
understanding of these processes in detail that can give a
clue on how to arrest the laad loss.

The problem of land loss seems to be of prirary import-
ance to the Engineers respensible for the arrest of the
beach erosion on the Victoria beach and hence the employmeﬁt
of artificial sand nourishnent methdds, the extengion of the
mole eastwards by 600 metres, the erection of timberline oﬁ
the beach and the building of sand banks lately. Although
these methods have been employed, there has been no sub-
stantial gain of land over the sea, instead the reverse has
been the case. The failure of the engineeriﬁg solutions can
be ascribed to the facts that no cognisance of the funda-
mental geoﬁorphological fbrceg at work on the Coast was
taken before the erection of the stone moles and np con-
sideration seems'to be given to understanding the nature of
the forces involved in the processes of erosion since it had
started on the Victoria beach.

For example the surveys that were conducted before the
erection of the moles were carried out in 1892 by CQOQe and
Song Ltd. of London, to determine the navigability of the

Harbour channel {NPA 1964). In ‘the report of the
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investigation, it was suggested that, to reduce the incidence
of shoaling in the outlet, two stone moles should be buiif én
: |

either side of the lagoon outlet to prevent siltation by the
littoral drift from the YWest and to concentrate the current
of the lagoon into the channel to scour off the 'bar!
(Coode and Sons 1893). As cain be seen in the objeptiye, no
thought was given to the posgsible reaction of the geomorph-
ological forces at work in the lagoon outlet and along the
coast during the planning and execution of the stone mole
project.. Such has been the attitude of planners +to_land-
form processes along this coast that most of the projects
executed, create greater problems of environmmental deter-
ioration. |

Once the geomorphological problems described above are
created, their existence contributes to the overall land-
scarcity in the coastal zone, as most of the available 'good
land' is being destroyed by erosion or endangered by flcods
etec. It is in recognition of this fact that the planners

have organised some conservation measures for the arrest of

the problems,

3.5 LAND - CONSERVATION M"WIHODS IN PRACTICE

In the developed paris of the city of Lagos, very few
attempts were made at rectifying the problem of land subsidence

and collapse of houses. This includes the inspection of houses
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by the Town Engineer especially in the affected areas of
central Lagos, and the pulling down ofrsuSﬁected houses or
advising the occupants to abandon such houses. Examples are
the abandoned church building along Reclamation Road and the
Health Centre at Oko Awo. Anart from these no other efforts
are made to reduce the incidence of 'land subsidence' in the
city.

It is not even known whether any thorough investigation
of the causes of this phenomeron is being carried out by thé
Town Planning department of the City Council to use it as a
guide in planning for Urban expansion.

The problem of floods also remains unsolved mainly
because it became difficult to realign the drainage channels
or elevate the level of the depression in areas already
settled such as Tdumagbo, Reclamation Road, and Oko Awo
areas of the city. One would think that the congtruction of
ditches in the flooded parts of Marcko beach plain, Tin Can
Island and Takwa bar swanp is an attempt to reduce flooding,
but its aim is to concentrate the surface waters of these
areas into channels and thereby expose solid land which
eventually be developed. Thus the construction of ditches
in this part is more to aid land reclamation than to reduce
flooding, as the ditches are aligned against the inclination

of the land and drainagze in them does not only hecone
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stagnant but water overflows the ditches into beach pleins
during the rainy season and into some other paris during the
high tide at Maroko. It follows that the problem of floods
has not been considered seriously_asrto make the plaﬁngr
redeem the built up areas from flooding and prepare tﬁe
undeveloped parts against it. |

The problem of erosion on Victoria beach attracted both
official and private interest because of the danzers inherent
in an eventual breach of the outer sand barrier by the sea.
The official interest is illustrated in the series of
investigations carried out since 1951 by the Wbterlookundlg
lsboratorium (1951-1961) the surveys of the Ports Authonty
Engineers and the introduction of conservatlon mgasures such
as the extension of the East mole to shield off parts of
Victoria Island from waves, the introduction of gand re-
plenishment programme from the lagoon, erection of zig-zag
timbér line on the beach face, and lastly the provision of
'sand banks' permanently on the beach for waves to erode.

While £his thesis is not under-estimating the effect of’
the breéching of the beach by the sea on the coastal zone in
general, a case is being made for the substantial logs of
land to the sea on the Victoria beach especially vhen it
inhibits settlement éxpansion and reduces spage_ﬁqxhre-.

creational activities. Tor example, the sea encroached upon
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a distance of 600 metres of land between 1931 and 1972 on
the Victoria beach, while the horizontal distance of
effective erosion is between the east mole and Kuramo beach
covering a distance about two kilometers. Thus about 1200
hectarés of land is lost to the sea. IT thie aspect of the
problem is borne in mind, efforts could have been geared
towards checking the erosion of the beach. Iven, the various
methods used and described below have not been successful
because they have basically ignored the geomorphological
forces at work. For example the extension of the ecast mole
only shifted the point of erosion eastwards from the }Signal
station' to the end of the molc, while the lagoon sands used
in replenishment are coarser than the characteristic beach
sand found along this coast. The littoral drift sands have
between 2.5¢ and 7,8f mz, while the lagoon sands hove
between 0,58 and 1.7¢ mz. The difference in size. contributes
to the differences in their relative resiétancéftp erosion
when attacked by waves. While the beach sands are free from
silt and clay, the lagoon sands consist of about 5% 8ilt
and clay (Sonuga and Puganov 1968), Thus only aboutb 60-68%
of the sands supplied from the lagoon can be utilized by the
beach, while the finer ones are carried offshore by the
backwash and rip currents.

The zig-zag timber line scems very vulnerable to the

high waves during the rainy secason, that they are under-mined
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and carried away into the sca. The method of stagmneting the
advance of beach erosion by building sand banks can only
succeed for a season or two, because the stronger the waves
the more vulnerable the sand banks become. It secms that for
conservation measures to succced, notice should be taken of
the existence of a west-east littoral drift élong the Victoria
beach, the near shore deep sone which 1eav93'the vyaves unre-
fracted and the texture and composition of sands ugsed for re-
plenishment.,

It has been thus far illustrated that the thrce geomo-
rphological problems considered, are either neglected or un-
recognised and where recogivized are tresated as purely engine-
ering problems. It has also been ghown that the engineering
gelutions per se have not succeeded as the problems only tend
to expand. This thesis is therefore suggesting geomorpholo-
gical methods fo the solution of the problemg th@t_upula ajd
the work of the Engineers; These include the geomorphological
survey of the ‘gndevelqpeq' lands around the metropolitan area
and illustrated in Fig; 3.5 below, where urban lond use may
likely extend to in the future, and the elucidation of the
character of the land in terms of the processes of evolution,
the characteristics of their superficial deposiis pnd their |
pattern of distributicn, The dntn thus colleeted would be

clagsified under units of similar attributes and would be mapped
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FART 110
CHAPTER TOUR

TECHNIQURS OF STUDY

In a comprehensive study like thié, a serieg of
techniques is bound to be emploved from stage to stage in
the acquisition, procéssing and interpretation of data. This
second part of the thesis therefore describes the techniques
used in the study of the cbastal zone of Lagos. Amnong the
most important techniques used are those of: (i).Aerial
photographic analysis and interpretation of land-forasg and
pro'cesses (ii) sediment analysig: and (111) Geomorphological
mapping based on air-photo interpretation, field sampling and
evidence from sediment cﬁaracteristics. Neither micro-
palaéontological nor dating methods are used becavse of the
absence of appropriate equipments; but some fossils have been
collected and are used in illustration and for the correl-
lation of sediment facies and landform units.

A brief examination and acsessment of the suitability of

these techniques to the study are given below.

T e Bt 2L

4 reconnaissance survey of the area was carried out first
by the study of aerial photographs to identify and recognise

the position of accessible landforms, drainage patterns;mapping
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and sampling control points such as settlements and lines of

communication. The relevance of this method derives from the
fact that most of the area of study which is inaccessible
during field work, comes under closer view under stecreoscopic
examination of the aerial photograph coverage. This opport-
unity enhanced the compilation of base~maps for the purposes
of field survey, and the recognition of basic landiorm units
and associations. . L ' o

Some of the eerial photographs, esPeciallj those of
gheet 279: 1/40,000 of 1967 were very useful in corroborating
deductions concerning landform location and the shape of
units, and unit associatious recognised in the field. Also
¢hanges such as those produced by beach erosion, the patiern
of reclamation and settlement expansion were also readily
visible in the aerial photosraphs. One notable case is
Victoria Island which in tho 1949 photograph is zecn to
consist of gswamps ‘and pools of water and which has now been
developed into a high ciaSS residential area &3 seen in the
aerial photograph of 1967. The Yestern extension of the
Kuramo Lagoon visible in the aerial photograph of 1949 and
shown in Fig., 2.4 on pages 77 & 78 1in this thesis, has
disappeared under the ocean at the end of the east mole

because of the rapid beach erosion here.
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The boundaries of landforms such as beach ridges, swamps
and plains were ldentified by changes in the vegctation tones
and density, because the vegetation here is mostly edaphic
climaxes as described in chapter one, which derive their
character from soil/landforn agsociation. Thus beach
ridges are distinguishable by their greyish grass cover,
while the thick dark green vesetation correspoitds to mangrove
stands occupying depressions and/or swampy areas. From these
aerial photographs the pattern of landform distribution
becomes apparent even beyond the area of research.

A comparison of the acrial photographs talen in 1949,
1962, 1964 and 1967 depicted the variety and pattern of
changes in the landforms along the coast. Thisg ig
illustrated by the accretion on the Light House beach where
sequential development of beaches from underwates bars to
spits and eventually to beach berms becomes visible. The
magnitude of beach erosion on the Lagos Lagoon is apparent
from the rates of cliff retreat along the lagoon littoral in
Ebute-Metta-Past, where areas occupied by settlements in 1949
are now submerged by infiltrating lagoon water. Thia
phenomenon is also found on Victoria beach, where some of the
settlementsrhad to be shif$ed inland, becausé 0ld sites were
engulfed by the sea. It is evident from the photographs that

erosion either by lagoon cr sea contributes substantially
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to the problem of land scarcity in Lagos, and also the photo-:
graphs show the pattern of changes in the landscepe in general,
overtime,

The photo-mosaics provided a closer view of the metropo~
litan arca without much coverage of the 'new landa' shown in
Fige. 3.5 but, beczuse of their large scale, soﬁé obscure featur;s
such as Igannu swamp, Afa river velley ond the extent of Okesuna
sWamp were observable, The photogrophs of sheet 279 and 65,
scales 1/40,000 and 1/12,500, covering Lagos and environs
respectively form the sources of information on the 'new 1ands€
and areas beyond them. They show landforms,clearly in their
lateral extent and deductions regarding the effects of procesaes
that followed their initiastion (e.g. beach ridges, lagoons ctc)
for example-an evidence of sheet wagh, reclémation @ mangrove
colonization. Inferences from these snalyses formed the basiq
of extrapolative studies in inaccessible areas of the coastal
zone and beyond. ;
The West—east orientation of sandy ridges and barrier formations
is distincétly seen on the cover Diagram Fo. 323 of Apaps and
this has been found to be identical with orientation of the
landforms in the field., This type of evidence - corroboration
is én iﬁdicafibn that deductions from aerial photographs are:
reliable to a great extent and can be relied upon in

extrapolative studies.
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Perhaps a major criticism of the use of aerial photo-
graphs might be their unsuitability for land classification
mapping because available large scale photographs cover only
classified, bave photographs available only at the smaller
scales of 1/40,000. In these circumstances most of the land-
forms appear very small on the photographs and for this
reason, the geomorphological map is compiled at =~ larger
scale of 1/20,000 by combining information derived from them
and from field-work data.

The scale of the mop also makes it difficult'to'include
mimite details such as thc dominant-waves' dircction,
orientation of micro-landforms such as breached ridges and
barrier islands. Further more the photographs are not
sufficiently clear even under the mirror sterescope, because
some of them were taken under poor weather conditions.

The evolution of the settlement pattern ig apparent from
the study of the aerial photozraphs, in that most of the
initiélly settled areas are on sand ridges and most of the
pregent highways in the Lazog Island, especially Yakubu
Gowon and Bamgbose strects are located on sand ridges. This
observation is further illustrated in Figs. 4.13\&‘h.‘ The
other parts of the island vhich were swamps in 1949 such as

southwest Tkoyi, Oke Arin,-parts of Idumagbo, Moloney streetg



| ALA®ORO

)%

FiG.4-la INITIAL RELIEF CHARACTER OF LAGOS AND {KOY1 ISLANDS

LAGOS LAGOON

ISLAND

Kms |
F1G.4.1b EXTENT OF SETTLEMENT EXPANSION IN 1974 |

CARTER
BRIDGE -

 LAGOS LA_GOON

SAND RIDGES
IN2) swamps
3tk
\ ROAD
B Kms { ? ‘,Km; '
| // BULT UP AREAS - -' A Adbe jony
. T




74

have been reclaimed and settled. These areas are also
illustrated in Figs. 4.1a & b, It is these same areas
that constitute the 'disaster' zones where subsidence and
flooding form major problems as have been described in
chapter three.

The aerial photographs used include the followingi-

1. Victoria beach 1/12,500 Eoﬁerage of 1949 by Federal
Department of Survey Lagos.

2., Metropolitan Lagos, sheet 8,1/12,500 (1964) (Hosaic)
Department of Survey l.agos. ,

3. Metropolitan Lagos; sheé%l10,1/6,000 (1967) (tosaic)
Department of Survey Lagos.

4., Lagos and Environs: sheet 279: l/ﬁ0,000 (1957)
. Department of Survey Lagos.

5. Lagos and Environs: sheet 65: 1/12,500 (1962)
Department of Survéy Lagos.

6. Apapa and Environg: Cover gghgram No. 325 1/12,500
(1954) Federal Department of Survey Lagos.

Some of these photographs are exceptional in gome
aspects of the study; for cxample, the aerial photograph of
Victoria beach in 1949, on a scale of 1/12,500, ihat of
Lagos environs in 1964 on thc séme scale'aﬁd,the Apapa
Cover diagram of 1954 on a scale of 1/12,500, werc of.
specific importance in the ocsgessment and evaluantion of the
évolutionary developuent of tiac coastal landforms and scttle-
ments during the period 1949 %o 1964. They depict the growth
of settlements such as Ajesqunle, Kirikiri and Agboju on sand-

ridges. The initial surface drainage patterns in Apapa and

*
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Tganmu is found to be flowing into Ebute-Metts lagoon and the
Iagos lagoon at Ijora respectively; while currently they have:
been diverted into Porto Novo Creek via Apapa Canal during the
reclamation processes. This rspect emphnsised the role of man,
naturzl processes to suit his immediate needs and hence the
birth of the various problems degcribed in chapter three.
This is illustrated in Figs. 4.22 & b, below.

On the whole, the use of azerial photographs enhanced
the depth of knowledpe acquired sbout the various stages of land
development, because they were visible from photographs of
different scales tazken at different times. Bvidence of
processes are visible, indicating the rates. of beach erosion
snd accretion, sediment sccumulation; shrinkage in &he 'new
lands? also become known with the aid of the photographs,

4,2 FIELD SURVEY

L programpe of intensive field survey was carried out frOh
July 1970 to July 1971 and continued at a less vigorous rate
throughout the remapinder of the period of research. The surveyé
were carried out in phases: the first was a reconnaissance |

survey. of routes and other conitrol points such as settlements

and landforms, while the sepond was the colléction of spot samples

of sediments, and the measurcment and observation of landform

features.
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A variety of techniques iros used in the neasvrencnt of
landform features. These include the use of levelling
techniques to derive slope inelinations, pacing to obtain
the relative horizontal distance of landforms and the use of
measuring tapes to measure the relative heights of features
such as the cliffs of the old shore-line, the sand cliffs on
the Victoria beach and the depth of weathering along roadside
cuttings on the Lagos-~Badagry road and at the Quarry at Ojota.

Field mapping was carried out simul taneously during the
field surveys but its accuracy was greatly impeded by factors
such as swamps and open lagoon water which affected accessi-
bility to some parts of the area of study, hence recourse vas
made to air photographs in mapping some of the landforms.
Apart from this, maps were difficult to compile to scale in
7as enumerated above in this paragraph, hence only the
location and orientation of landforms were obtained in the
field and mapped accordingly, vhile the air photographs
provided the information that determined the extent and

sequence of landforms.

4.3 SEDIMENT SAMPLING

‘The surface materials of the land have been described
as one of the fundamental attributes to be meastred before

& reliable land classification can be made (Chrictian 1968),
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and of the four land atiributes used in Engineering land

classification, (Brink et. ai, 1966), gave precedence to
surface materizls, because they form the core of the
informetion required for {ho engineering use of the land.

It vas the realization of the significance of surface
materials to the understanding of land propertics such as
soil texture, soil structure, past and present morphological
processes, that produced them, that formed the basis of
sediment sampling programme of this regearch., Algo, in order
thorough knowledge of the composition of surface materials
is necessary because this is on area of very low relief
where basic morphological properties of landforis such as
slopes, and altitude are not distinct.

The‘location of sampling asifes is shown in Fig. 4.3
below. The choice of samnling sites was guided by accessib=-
ility factors because of the difficulty of the terrain, the
high level of under grownd water which prevented sampling at
greater depths and the altcration of the upper sediments by
weathering which has chanzed the morphology of the grains.
It was difficult algo to take samples from the greater depths
because of lack of suitebic equipment., However, sizty Tive
samples were taken from depihs varying from 15 cm. to 60 cms.

on the beach ridges, pleins, Ozun flood plaln and
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the undulating plains, and surface to about 15 cm. on the
beach berms. Underwater sanples were taken at denths
varying from one to two metresg in the sea and, one metre in
the lagoons. ) ’

Depth samples were chosen because most of the upper ‘
horizons show evidences of weathering such as comaunition of
grains, leaching of bases, and the precipitation of iron and
alluminium oxides, and thus record the effects of surface
weathering,whereas the depih of 45 cm. marks the lower limit
of the permanent water table vhich is algo the limit of
weathering. It is argueble that materials at this level may
not have undergone any serious weathering if conditions have
remained the samewith those currently exigting., It has been
demonstrated by the results of the analysis thatv most of the
meterials at the depth of 45 cm. to 60 cm. on the sandy
barrier formations are similar in size, shape and mineraology
to;those of the present outer barrier beach which are more
recent in origin.

The choice of sampling site on particular landforms was
nade by measuring the accesgible part of the landferm by
pacing. The length of such landforms is divided into three
parts and each part constitutes 'a sampling zone*. Mithin a
Sampling area, samples were talen from the most centrally )

located pogsition. For example in the case of beach ridges,
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FIG. 43 LOCATION OF SAMPLING SITES

Produced by A. Adegboys 1972
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samples are taken from the top, whefe the incidence of
modification is at a minimum, and not at-the foot where the
effect of accumulation through 'down-washing' of sediments
is at & meximum, Initial profiles jere dug into about three
site in the 'sampling zone' to identify the colour, stratifica~-
tion and grain size generally by visualization and feeling with
hand. If these atiributes are identical, one of them would be
sampled and put into labelled gample gags, If they are nof
identical, the contrasting ones are sampled and lebelled as
(a) (b) (¢) for that sample site, These are first analysed in
the laboratory to confirm their contrast; and if their
properties are not too contrasting, one of them is chosen to
represent that isampling zone', but if %ﬁey maintain the
contrast, after analysis, they are recorded and examined as‘such.
An example of a sample zone with three‘different samples isxin
Maroko whose code numbers are Lag 71/47, 48, 49, in Table 5.
on pages 212 - 215. |

4,4  SEDIMENT ANALYSIS-

The peoperties of superficial depoéits used as part of
the c¢criteris for classificgtion, include the grain size, shage,
and mineraclogicel characteristics of the sediments, Data
relating to plasticity and permezbility were alsb inferred from
the properties enumerated above;?and were selected because

they are significant for the —i

t
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classification of sediments on the basis of their usability
for settiement gxpanéion and the rectification of problems of
land subsidence, beach drifting and flood hazards. Special
techniques have been uged in deriving the character of each of

the properties and they arec briefly explained below,

GRAIN STZE ANALYSIS:

Dry sieving methods were vsed and no attempt was made to
use either the hydrometer and pipette techniques because the

clay fraction in the sedinents is always negligible. The

British standard.sieve Hgsbgs,iﬂos._T? 14, 25, 52, 100, and

200 or apperture sizes 8, 4, 2, 1, .5, .25, 13,-065 m:

ii respectively were used since they were the only ones availe
able. They were arranged in tiris ordem so that the results

) can give a geometric relationship which could be easily

: compiled especially when the togarithmic scale is used, FBach

sample was quartered down to 105 grainé, using the coning

method of Pettijohn (1957). One of the quarters was taken

r o

and disaggregated either using a pestlec and mortar or using
diluted Hel at a ratio of 1:4 (Milner 1961) to disaggregate
concretions and iron-coated grains. The residuve was later put

into a glass beaker and dried iz an oven at a tenperature of

o 0 ]
- 37.5°C for about twenty minutes as recommended by Hilner (1961).
;“ The weight was recorded at 100 grams and recorded in the

o

Sy 'analyses gheet' a copy of which is produced in Appendix VIIX

5

r
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of this thesis. The sanple was then transferred into the sieve
glresady mounted in the 'nutomatic éhgker' for a twenty minute
sheking, so that every grain comes to rest at its own apperture
grade. The materials left on each mesh were weighed and recorded
on therﬂnalysis sheet for the partiéular semple, This was con-
verted into cumulative perceniages and plotted on semi-logarithmic
paper. These processes were carried out for each of the sémples
and the result is tobulated in Table 5.1 on pages 212 - 215. The
determination of the moment measures mweasures wsas carried @pt by
applying some statistical techniqueé w ich are described I;ter in

this chapter. - ;

I3

ANALYSIS OF GRAIN ROUNDNESS: ,

This exercise was carried out on some sand grains from
selected samples which are representative of the verious lend~-
forms in the area. It was difficult to calculate the grain shape
parameter or sphericity because the majority of the sands'are very
fine in texturc and standard eguipment for the analysis of such
grades of sand was not available for use. The method adopted was
similar to that of Pettijohn (1957) when he classified sands into
angular, sub-angular, sub-rounded, rounded and well-rounded grades,
with pictures to illustrate them. L total of 100 grains of sand
was taken from the semple, left in each éieve and observed

under microscope =t
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about 500 times exaggeration. The graing were compored
visually with the pictures of the 'Pettijohn Gradesg!
referred to above, and cach vas recorded against the
igentical picture. The percentage of each grade was
computed and it was possible wo establish areas witgh graing
of high degree of roundness end a high degree of angvlarity.
During the sane obseryation, srain structures such as con-
cretions, ¢olouration, staining and pitting were rocorded.
These technigues form a bezis for the idemtification of

descriptive analogues vhere this proved valuable,

SEDIMENT CONTENT:

This included the deternination of organic, clay, silt
and sandy materials present in ecach sample, Sone of the
surface samples are treated with Hydrochloric acid to remove
the organic compounds andmthelrgsults are weighed ond illust-
rated in Table 5.3 on page 230 a The difference between
the original weight and that of the residual material was
recorded as the organic content by weight. The q#“‘ﬁty of
material which passes throvgh the 200 B.S. mesh i regarded
as within the silt »=d clay srades and was recorded ag such.
In fact the 200 B.S. mesh is used as the dividing line between

the Coarse and fine-grained materials by the fmerican Society

of Civil Engineers. (Ladd ot =1 1969).
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SEDIMENT STRUCTURE :

The bedding characteristics were only visihlc along a
small portion of the beach whcre waves cut a c¢liff. In some
rlaces they have not been pregerved or are not stable.
Weathering has masked the bedding Planes in the upper
horizons of the profiles cut, vhile the presencc of under-
ground water reduces the depth of visibility. Iiowcwer, a’
general bedding pattern has becen identified from the bore-
hole profiles of the Federal Surveys (1960} depicted in
Fig. 1.6 on page 23. The short profiles cut durins field-
work have been described in chapter two of this thesis.
PLASTICITY; i

The plastic limit for any sediment is the critical point
where the soil becomes fluid under pressurée. Thig is depenw
dent on moisture content, prain sizes and the absorvption
capacity of the grain particles. Consequently clayey soils
tend t0 retain more water than loose sandy soils, or in
general fine-grained soils camily become more plastic than
coarse-grained soils because of their high conteat of clayey
materialg., The determination of the degree of plasticity of
the soils in the survey arca iz based on data fronm the
laboratory analysis carried out by the Foundation Ingineering
Company Nig. Ltd. (1971) which, according to the Engineer in

charge, reveals a high degrec of plasticity for soils having
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large quantities of éilt and cley, such as are found in the
depressions and old lagoon bods, while areas of coarse sands
display low plasticity.

It has also been established that the rate of compression
of soils depend on the rate of absorption of water by the
soil particles (Taylor 1947) and also that cohesive soils
vhich are generslly finc-grained retain water, while non-
cohesive soils which arc generally rich in quartz grains,
do not retain or absorb water. Cohesive soils are therefore
more easily compressible under static loading then loose
soils. (Casangrande 1932). It follows that tﬁc_degrco of
plasticity of soils can be ialerred from their textural
characteristics, hence the relative degree of plasticity of
the soils in this study arco is based on the texturzl
characteristics of sedimenis.

This procedure is necessary in the classifiication of
this area, because the plastic index is a basis for the
determination of the stabilitj of the s0il, especially where
construction work is envisaged., It has also been established
in chapter three that the subsiding parts of Logog Hetro-
politan area are reclaimed scwamps and comprigse about 70 per
cent fine-grained materials which generelly gave way under

stress.
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PERMEABILITY:

Permeability rate is iacreased by increase in grain.sige
and improvement in sorting (Krumbein & Pettijohn 1938,
Krumbein and Monk 1941). The degree of permeability of the
sediments in this area was detcrmined by inference from their
grain-size and sorting characteristics based on the assumption
described above. This exercise is important in defermining
potential flooding in the undeveloped areas, because the
degree of permeability will dotermine the rate of infiltration
of flood waters after a heavy rain. It is thercfore an in-
dispensable tool for the determination of floodeble areas in
this environment.

MINERAL CONTENT:

This was determined by a combination of chemical, visual
and microscopical examination. A group of selccted samples
was subjected to chemical treatment to determine the mineral
content of each sample as well as the heavy mineral residue.
Those samples that pass through the B.S, 36 mesh vere observed
with a2 'hand lens for shells of organisms and other organic
materials. The quartered ones were each placed in hydroch-
loric acid in ratio 1:4 to vash away the authigenic materials
so that the granular matorials might be left beliind. After
vashing, each residue was dricd, A ten-funnel bromoform

separation apparatus shown in Plate 4.1 was sci up in the
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Soil Mechanies laboratory of the Faculty of Engincering,
University of Lagos; where the separation was carried out.

A palr of funnels was used for each sample so that five

samples vere separated at a time. The first funnel was filled
with a Bromoform-benzol soluticn having a specific gravity
(8.6.) of 2,69 and 30 ml in quantity; and the sanple was put
into the fumnel containing a filter paper and stirred for about
twenty minutes teo allow all %hgavier' materials to sink. These
were released through the stop-cork into a container below
Trom where it was poured into the second funnel where a pure-
bromoforn solution having S;G. 2,91 was put; it was again
stirred and the heavier minerals sunk while the lighter ones
floated.

Lighter materials such as_guartz floated in the
Bromoform-benzol solution vhile others sank, The floating
grains were washed with diluted hydrochloric acid, dried,
weighed and recorded as the relative weight of the typical
mineral in the sample. In the pure brom;form golution,
calcareous materials floated, aund were washed)dried)weighed
and recorded accordingly. The heavy mineral residues sank to
the bottom of the stop-cork and were treated the same way as
the sanmples above.

The essence of this exercise is to identify the variety

of minerals present in the scdiment, with a viev %o determining
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their relative stability oo & soil ¢omponenf‘e5900ially
under the humid tropical conditions, and to use then as a
basis for moking inferencc o the provennance of the sediments
that constituted the materials of tﬁe landforms. The identi-
fication of the minerals vas hased on the scalc of Milner
(1961) where minerals with $3,G. less than 2.69 arc classified
as quartz, those between S.G. 2.69 and S.G. 2.91, as
Calcareous materials and those 1ith S.G. above 2,91 as heavy
minerals. The flow sheet used in this analysis iz shown in
Appcndix IT.

The heavy minerals fouad were identified under a
polarized microscope using tbg_following as marks of identi-
fication relief, pleochroism, symmetry and colour. Tuenty
four dBmples were observed and the resﬁlté are rccorded in
Table 5.4 on pages 233 & 234, Other features of the heavy
residues examined included the degree of étchiggl”roundness
and staining which helped to illuminate the geomorphic
history of the sediments with regards to the sources of the
sedimentary materials and their modes and dircctions of
transport are illustrated in Pig. 5.6 and showa in Table
5.6 in chapter five,

The technique used in the minerasological analysis was
similar to that of Milner (1961) but the results are

generalised, because the minerals are separated into broad
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groups, so that a detailed‘anqusis of the mincraological
contents of the sediments cannot be embarked upon.  However,
the amount of details derived from this analysis gives a clue
to some of the problems exomined in this thesis as would be

seen in chapter five,

4.5 MAPPING FXERCISES
Geomorphological mappins has been described as a
"convenient and usable means of presenting varied land form
data” (ECAFE\1963§. This process embodies the cartographicall
représéntatiop of the character of the landforms such és‘%he
morphogenesis, the morphomctric properties, the lithology
of superficial deposits and the processes on a map, to ernhance
the understanding of the arealreclationships of landforms over
a large area. In order to present the landform data of the
Coastal zone of Lagos in a comprehensive and pracfical manner,
two types of maps afe compiled., They are the detailed 1/20,600
geomorphological map shown as Fig. 6,7 in the map folder and
the 1/40,000 laﬁd clagsification map shown as Fig. 6.2 in the
map folder in this tﬂesis. Roth are essentially a visuval and
spatial representation of the detailed geomorphiological data.
The geomorphological nap illustrates the detailed
character of the landforms in the area west of the Lagos
.Harbour such asg the landform types, the various processes of

morphology, and the character of the superficizl deposits.
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The land classification.ﬂrxriilustrates the !'land wnits' in
the Coastal zone of Lagos. More details about these can be
obtained in chapter six.

The maps are based on the convergence'of cvidence from
most of the following sources: sediment character, morphology
of the landforms as deduced from aerial photographs and
field-work. The legends used derive from the worls of
Klimazewski (1963), Vestappen (1970) and Demele (1972). Some
symbols from the legends uscd in the International Training
Centre in Delft were incorporated, while others were devised
to conform to the features peculiar to this locality.

(See Fié- 6.7). Such peculizr featurcs include mansrove SWamps
and lagoon shoals. The maps are essentially the cartographic
derivations of the theoretical analyses of the landforms, so

that they may be understood in detail by Geomorphologists.

4,6 STATISTICAL ANATYSTS

A1l the data collected from gsediment analysis were
treated statistically using the sand-grade scale of Krumbein
(1934, and 1936) and the formulae of Folk and Ward (1957) with
their 1962 modifications by McCommon. The details of the
procedure gre given helov.

The sieve meshes were qrrangéd to coincide with the phi
scale of Krumbein {1934) (193@). This method measures the

volume of each sige by weirsht, and the weight borcent ia
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calculated and plotted into cumulative frequency grophs,
where weight percent is on the ordinate and the phi wnits

on the abscisa axes respeciively. Preference was given to
this method because it is eagy to convert the millimeter
scale to @ units; where § = ~logp of the diameter in millim—
eter, Furthermore, the logarithmic scale occurriag from the
d units provides for gquicker and more accurate m;thematical
calculations, in that small fractions are not required for
the finer partieles, becausc they constitute positive ] )
units. The frequency distributions are more symmetrical,
and the parameters for calculating the moment meagures are
read off from the cumilative frequency curves, when plotted
on a logarithmic paper.

Sixty-five samples were analysed, and their noment
measures were computed using the Folk and Ward fTormulae
(1957). ‘This’formglae_gdopts.ﬁhe percentile measures of {5,
#16, g2s, gso, #7s, g4, and #95. This was preferred to the
Inmans formulae (1952) which adopts only percentile #16 and.
@84 because it takes adequate cognisance of the coarsest and
the finest tails of the distributions, which are essential
in the determination of the character of the sediicnts in
this environment.

The ‘mean was adopted o5 o measure to describe the

diameter of the sand grains because it gives {he diemeter of

-
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the 'centre of gravity' of the frequency distribution while
the median divides the curves into two equal parta. The
median is useful in 2 gymmcirical distribution, as a measure
of.size, but not in most of these sediments, where the samples
are skewed.

The Inclussive CGraphic stondard Deviation of Polk and
Ward (1957) which has an efficiency of 9%, (lcamon 1962)
is the best method known_to me, in the calculation of the

sorting of the sediments., The sorting creteria used are as

follows:
Sorting Coefficient Igtgrggetatiqq
Under 0.35 ¢ Very well sorted
0:35 - .5 ¢ Well sorted
S=-16 Moderately gorted
1-2¢ Poorly sorted
2-44 Very poorly =zorted
over 4 ¢ Extremely poorly sorted
KURTOSIS:

This is used in the identification of the type of energy
environment of the sorting of gands, because a_very high
or a low Rurtosis value indicates a multi-stage sorting
(Folk and Ward 1957). Sketmean indicates the relative
presence of ccoarser and finer materials in the ganple. Both

Kurtosis and Skewneszs are uscd in the determination of the
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palaec-environments of the sediments, like the medium of
sorting and changes. They are used in the establishment
of the theoretical criteria for the gemetic classification

of the landfornms.

*The value of the nphi wmits is negative when it is-
coarser, and positive when finer, The conversion table
below ig used throughout this thesis and the formulee used

in the computation are shown in Appendix I.

\

¢ units 3 2 <1 0 1 2 3 4 5

Hillimeter

=
Equivalent 085 0.03.

8 4 2 1 .5 .25 .

]
o
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CHAPTER FIVE

CHARACTERISTICS QOF THE SEDIMENTS

A widely used tool for reconstructing depositional environe
ments is the physical properties of sediments, and this has been
denonstrated by -Pettijohn (1957) and Butzer (1964). A ot of
deductions can also be made from the stratigraphy and mineraclogy
of sediments with regards to their genesis and the identification
of the posi-depositional changes in them. For this study, the
sediment properties which are made use of include the grain size,
lithological and micro-morphological characteristics and mineraoe~
logical composition. This is because the description and analyses
of these sediment properties give clues tﬁ the sources and
dispersal of sediments and to some extent the degree of maturity
and hence the 'stability! of the landforms moulded from theni
Grain-size characteristics in particular are significant becéuse
théy form the basis for the classification and identification of
the soil for engineering purposes (Lodd etal 1969) and they are
also reliable indicators of the intensity of action of the
processes which have moulded‘the various landfornms. .

In this thesis as well, especially where they form the index
to engineering properties such as permeability and compressibility,
grain-size characteristics have been mnde use of.

Scme of the inferences in this work are based on the inter-

pretation of the heavy-mineral content and the degree of roundness
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of sediments, because these form the indieccs for the identifica=
tion of the origin of sediments and their diection of transport,
28 well a8 the transport history and the intensity of the geomor-
phological processes involved in the dperation. The genesis of
sediments has been deduced from the textural properties of sediments
as exemplified by the works of Friedman in 1961, 1962 and 1967.
Thus inferences from the sediment properties are indigpensable to
the understanding of the pattern and processes of evolution of the
coastal landforms. ’

Fusthermore, the detailed history of sediment transport and
pogt~depositional changes are egsily discernibdle from their
micro~morphology, while the strétigraphiCal character of the
sedinents elucidates the evolutionary history of landforms.

From the study of past processes from grain 'pathology', it is
possible to reconstruet the different depositional phases as well
as compare then with contemporary processes, with a view to
postulating future trends of landform development which might aid
the pattern of land-use development in this area.

The distribution of grain-sizes along the beaches nay
indicete areas prone to rapid erosion and areas of relatively
minimal erosion, since the textural characteristics of sediments,
such as grain sizes and degree of sorting, influence the rates of
removal. It has been suggesfed elsevhere that 'stom waves' remove

coarscer naterials moré effectively than finer ones (King 1959)
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probably bacause of their loose nature. Thus the spatiel distri-
bution of these physical properties of sediments, e.g. grain size,
structure and mineraolcgy, may illustrate and aid the understond-
ing of thoir pattern of arrangement_along the beaches and becone
the basis of examination and analysis of beach dynamics such as
erosion and acéretion..

The coefficient of sorting of the sediments, especielly on
the Cuter~sandy barrier and of depth materials elsewhere can be
used to determine the intensity of the sorting media, and can be
stretched further to include the épprozimation of the relative
eneygy of the waves in thet locality, For example the high degree
of sorting displayed by the sediments nay be indicative of the
energy of the sorting media. With these, it is likely that areas
of high energy waves and low energy waves can be deciphered, if
for cxample, the sorting coefficient iz found to be persistently
high or low in particular localities.

The study of the morphoscopical aspects of the sediments
nay illustrate ﬁost-depositional changes in grain-texture, such as
oxidation, development of concretions, gileretes and other
aggregates. These changes may be examined further to establish
the type of climatic influences, the hydrological conditions that
night have provoked subsequent processes of grgin morphology
since the deposition of the sediments, 4 close study of the

sedinent types and fabrics might be used to explain the pattern
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... of relief, eiébeci‘zli'i&' when the relief is low-lying or faint and
. there . is ho ‘e%riii”ence ‘that tee"conic forces modified the landforms,

' "'4‘7"For example, “the’ occurrence of uedlment types such as clay, silt,

and” Sand mght be” uoed to exnla:m the distribution of landforms

E

.such 28" swamps depress:wns md rigges. "I'he examination of the

sediment types might alsc explain the variations in moisture
content; the amount of sand and silt, and can form the basis of

prediction of sdii eompreesibility; because soil compressibility

. according to'Casangrade (1952) depends on the amount of material

finer than ,005zm,

Before describing the detg'collected from the analysis of
sediments from the coastnl zone, it is necessary that a brosd-
based exemination of the SQureee of the sediments and the mode and
direction of dispersal arerexamined. This would be done to iden-
tify the provenance of the_sediﬁents as well as their depositional

environments.

5.2~ SEDIMENT -SUPPLY AND -DISPERSLL

The sediments entering the coastal zone come from three
independent socurces. The first consists of the drainage basins of
the coastal rivers like Ogun, Majidun, Owiaru and Afa (illustrated
in Fig. 1,7) whose debouﬁcheman-tg fall within this a're.'q," of.s’cudy
as well as those rivers like. Ovwo, Yewa, Queme and Mono shown also
in ®ig. 1.7, whose debouchements ere outside the area, but contri-

bute sediments through the Portonove and Badagry creeks.
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The second source is the ses bed, from where sediments are deposited
on the beaches by ﬁaves or moved shore-~ward by'tidal currents or
along-shore by the'iittoral drift. These two éourcés can be classi-
.fied_as terrestrizl and marine. Third source i the orgénic
materials which are produced by decayed'vegetation'and hunan waste
used in reclamation or dumped into the Lagos legoon, These three
sources are illustrated in Fig. 5.6. |

The terrestrial souices ingiude the Quaternary and Tertiary
sediments derived from the drainage basins c._zf the cosstal rivers
named above which include the weathered rocks of the besement
complex which outerop in thgir upper resches. For example, the
rivers Mono and Queme drain the Acidic and basic gneiss areas of
the Atacora range in Togo and Dahomey as well as the Tertiery
sediments known as 'terre de barre' (Slansky 1962, Furon 1963),
while the Yewa drains the southern foot hills of the gneiss and
amphibolites, of Lanlate area, and the Ogun drains the pegmafite
and migmotite rocks of Abeokuts area (Jones and Hockey 1964,

Reyment 1964),

The fact that sediments from these sources get to the coastal
zone is evident in the occurrence of heavy minerals such ns horn-
blende, kyanite, staurolite and epidoté which are derived from metn-
morphic rocks such as migmatites, -pegmatite and amphibole; and
i}menite which is a heavy mineral derived from iron rich'rccks, The

distribution of the heavy mineral residue is shown in Table 5.6 below.
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The medium of trensportation is most likely to be the coastal
rivers, éspecially the Majidun, Owuru, Ogun end Afa.

These rivers now seem %o be responsible for the transporta-
tion and deposition of the finer materiéls such as clays and gilt,
which are carried down in suspension especially duaring floods in
the rainy season and later depLsited on the alluvial plains of
the rivers. The broad alluvial plains near the debouchement of
the rivers and the periphery of the lagoons adjacent to thenm
carry thick veneers of these fine scdiments. Examples of these
are shown in Fig, 2,10 on page 95.

Apart from clay and silt, sediments brought by these rivers
fron terrestrial sources inciude sond and pebbles. The sands are
generally coarse in texture becguse they heve not be;n guffi-
ciently worn by the rigour of river transport because of their
relative petrologicol stability and relatively ashort time of
transport: cxcept for the stained quartz grains derived fram the
sodimentary deposits in the lower reachos of the rivers
immediately north of the constal zonc.

Harine and submarine sourccs include scdiments from the
continentsl shelf which were initially terrestrial or fluvial
sedimente deposited when the sea level was lower than at present.
Thore arc also materials from the boaches and the suspended load
from rivers which represent the finer grades of marine deposits.

The media of transportation include sca waves, especially the
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high sveclls which agitzte the sca floor and dreg the materials
shoreward for waves of lower amplitude to deposit them on the
beaches, and the long-shere current vhich in this scetion is west
to east in dircection.

The type of sediments include the well - rounded sand and
moderately coarse quartz grains and = few acéessory minerals such
a8 kyonite, zircon, horhblende, rutile and staurolite. Large
quantitics of Calcareocus materials arc also encountered, The
marine origin of the scdiments is illusirated by the high degree
of roundncss vhich they display, and is cvidence of the intense
action of marinc processcs operating in the area., The sedinents
possess admixtures of calcarcous materials such as thq shells of
sza orchids and bi-valve 'animagls' which are crestures of sub-
marine environment. See Table 5,3 én'page 219.

The Organic source includes the dunping of human facces at
Ebute Bro merlked ($) in Fig. 5.6, the disposal of refusc such as
leaves and waste maierials for roeclomation of swamps in places |
such as Bariga, Apcna, Itire and Okesuna, and the transfer of sand
fron the lagoon bed for reclamation purpeses in general and for
beach replenishment on the Victoria beach in péréicular.

Both the supply of sediments and their dispersal can be
regarded as inter-woven to some extent because some of the sediments
are in effect being dispersed as they arc transported by the agents

of supply. However, an attempt is made to oxamine the impact of
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the dispersal agents on sediment siructure in the coasztal zone.
The most important agents of dispersal recognised ate the sea
waves and asscciated currents and the lagoon waves aﬁd their
attendant currents.

Dispersal of sediments takes place from depositional zones '
such as lsgoon bedé, offshore areas and the alluvial plains of the
coastal rivers in this area. From the offshore arca, waves
disperse sediments shoreward to the beach with the aid of the
swash and may be re-distributed sea-wards with the aid of the rip
currents and backwash. Thus the mecting point of both the in-
coming vwaves and the back-wash nay be readily recognised as the
depositional zone in near shore greas. However the deposited
materials are not permancnt as they migrote shoreward and sesz-
ward following the movement of the tidcs and the character of the
waves.

The lagoon beds consist of a great thickmess of sediments
derived from both the sea and land at varied times snd thus
constitute a depositional enviromment from where lagoon waves,
especially during storms,disperse the materials along the beaches.
The tide transports very large quantities of sediments ig suspen—
gion into the ses during ebb-flow and associated waves agitate the
bed of the lagoon during the flow, so thnt seaward movement of
sediments i3 generally common during this period; Perhaps the

nost prominent agent of dispersal of sediments is the west to
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207 .
east longshore = drift, chéractaristic of the Guinea Cosst. The
naterials moved by this current are piled up behind the West mole
at the Lagos Harbour mouth and reported to have prograded up to
about 600 metres since 1912 end are likely to by-pass the tip of
the west mole by 2030 A.D. at the growth~rate of 10 metres per
anmum (LEDB report 1968),

The same west<eost current has been identified as responsi-
ble to some extent for the removal of sediments from Victoria beach.
As sediments are transported along the coast, the materials in
transit are essentially used for beach nourishment eastwards.

A closer study of the dispersal and supply of sediments has led to
a classification or grouping of depositional environments which
are shown in Fig. 5.2.

The materials derived from the land and distributed by
rivers are generally found in the flood plains and consist of
alluvium, and peat. The materinls deposited in the lagoons by
rivers fom peat and mud while those by the sea during transgres-
sions consist of sand.

Although the map (Pig. 5.2) illustrates the contemporary
patterns of sediment dispersal, it is possible to decipher the
source and dispersal agents of the materials composing each
sediment layer.

The detailed analysis of the deposits of each depogsitional

environment follows. 4An analysis of sediment charzcteristics has
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been carried out, ranging frqm megsures to moment; structural
character, degree of roundness and heavy mineral content to
minerasological composition, Details gbout these are showm in

Tables 5.t, 5.2 and 5.3 respectively,

5.3 DETAILED ANALYSIS OF SEDIMENT CHARACTERISTICS

This analysis is made under two broad headings as follows:

i. textural characteristics which include the grain
size distributions, degree of sorting (Table 5.1},
and degree of roundness (Table 5.2).

ii. structural characteristics which include the grain
pathology, concretionary development, mineral com-

position and bedding characteristics,

TEXTURAL CHARACTERISTICS

The textural characteristics of the sediments exémined
include the grain-size properties and the degree of roundness
which are shown in Tables 5.1 and 5,2 below, but because of the
complexities involved in the calculation of such sediment atiri-
butes as porosity and permeability, these characteristifs were
inferred from the size parameters, The analysis was limitéd to
this range of tests because the necessary equipment was not avail-
able for use in the messurement of other properties such as the
shear stress, but it is believed thst the landform character can
b2 well understood when such properties are defined. 1In fact
grain-size charactéristics have been used to derive soil properties

sucl as permeability. (Krumbein and Monk 1942, ladd etal 1969).
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GRAIN SIZE: The result of the grain size analysis is shown
in Tsble 5.1, The mean size (Mz) of the grains Au this zone as .
shown in this table falls between - .3% (LAG 71/07) for the coarsest
and 3.6 (LAG 71/18) for the finest. The lower limit of the grain
sizes along this coastal zone is greater than the upper limit of the
fine sand grade recommended by Ladd etal (1969) for the American
Society of Civil Engineers, and coarser than the clay grade of Fried
man (1961 and 1967). However a small proportiem of the samples
tapers towards the upper limits of the finc sand grade of Wentworth
(1922) which he puts at 50 as shown in Pigs. 5.4, 5.5 and 5.6.
Thus the sediments in the coastal zone tan be classified as coarse
in texture relative to the various standardizations enumerated above,

A closer view of the grain size character of the sediments
displays & picture of varied mean-sizes betwecen the Western and
Eastern side of the Lagos Harbour, The meaﬁ dicmeters of sand
grains west of the Lagos Harbour are as follows: Outer barrier
2.1¢ - 3.6¢, Inner barrier 1.9% -.2,4@, and the Prior barrier
2;5ﬁ —,3.4ﬁ. But on the enstern side of the Harbour, the land-
forms consist of coarser sediments especially, the Victoria
beach, Kuramo beach and old beach ridges behind Alagutan village
as demonstrated in Table 5,1, where their mean sizes vary between

.8¢ and 1.6¢; .8¢-and 1‘8¢ respectively, (See LAG 71/01 - 06,
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09 ~ 16, and 27 - 28) for the three landfoms groups respectively.
This is also shovm in the frequency distribution curves in
Figs. 5-3 t0 5.5 where about 90% of the grains in the sediments
from the west of the Lagos Harbour is finer than 26 while over 80%
of sediments from the Vietoria beach, Kuramo beach aﬁd the old
beach ridgé at Alagutan village is coarser than 2§, These distri-
butions are shown in Figs, 5.3 and 5,5b for landforms west of the’
Harbour and 5.4a & b and 5.5a for those in the east of the Harbour.

Some samples in the eastermn side of the Harbour especially
those of the Beach plains LAG 71/47—52) Lagoons and Swamps
(rac 71/ 550 displey a mod‘erately finer texture than the other
samples from landforms in the same areas described above. The
mean size varies between 2,3@ and 2,515 for beach plains and 2¢
and 2.8¢ for the Lagoons and E‘S':wamps, and over 79% of their
sediments is finér than 4. i

Sediment séxmpies from the westem side of the Lagos Harbour
esPec‘:iélly thé"I:ight House beach, the;"Irmer and Prior barrier are
i:ine.textureé bécahso of the félldwing reasons. Mcjst_’éf the T
sediments are ‘marine derived and weré depésite& by waves which had
travelled over a:ivexy 10&& feteh over the Atiantié'oce;an and as
such are considerably turbuleént, so that the sediments have become
well worn by thés__e waves, "S'econdiy? it hos becn established else-'
whore (Pugh 1954b, Webb & Hill 1958, Webb 1960) 4nd carlier in this

thesis that most of the sediments ‘ir the uestern sidé of the Lagos

L

-
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Harbour were drifted by 1ittorﬁ1 currents from the western parts
of the Guinea COastILnds. It follows that the sediments have been
considerably worn during the process of long transport along the
coast of West ifrica to this part of Lagos coastal zone. Apart
from this, evidence of grain pulverization by waves beating
against.the rock boulders of the ent mole ekist as freshly
broken and sharp- edged san&si;r? found immediately west of the
mole as shown by the higﬁ pé:céntagequ angular graiﬁs in samples
LAG 71/@7, and 18 taken from this parf. Sediments.on the Prior
and Immer barriers on this'side of the Harbouf are considerably
finer probably because of the added &ffect of, grain cammunition
ﬁ; Weafﬁering agents. VP
The relatively coarselfegture of t he séﬁd-graing in the
arcas east éf the Lagos Harbour might'resﬁit from the “"sheltering"
effect of the Lagééxlégoaﬁ oﬁflet, whose currents pfevénﬁed the

direct transportation of the sands adrift from the west to Victoria

‘beach and areas north of it., Also, the three stone-moles com-—

pletely sealed off the littoral drift from reaching the Victoria

beach., Thus, these two 'barriers! restricted the deposition of

" very fine sands to the Light House beach and exposed .the Victoria

* ‘besch side to sediments from the Lagcon outlet, which being

fluvio-lagoonal in origin are, generally less worn than these

fron' the sea bed.
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.Table 5.1 *CGRAIN SIZE CHARACTERISTICS OF SLDIMENTS IN THE COASTAL ZONE
CODE NUMBER - SAMPLE LOCATION S%}Eﬁia’l’i‘% Mz. Md, M Sk ¥IJIRT
A?Lgﬂmzc- COAST
1AG T1/01 Victoria beach - Opposite California Hotel 15cn. 130 | 1.44 o.684 -.56] .50
02 " n Sei beach encloased by East | Surface 0.86 | 0,94 0.94 -.38 1,50
noéle
03 " " Break point bar Submerged | 1.60 | 1.7 0.94 -.46] 1.88
04 " " Breal point bar " 106 | 1.28 o.78] -. 0.90
05 " " Berm Surface 1.5 | 1.684 0.5 -.8p] 0.4¢
06 "_ _" _End_of Bast mole _ _ | _ " 1_.E5 | 1._%6 9.7{5_ -9 -0, 90
07 Lagoon Outlet — Commander Shoal Submerged | -0.30 | 06| 0.40] 0.38 0.25
08 _"_ _ _" Opposite Signal stetion _ - " ] o6} o.5f 0.4 0.16] 0.28
.09 Apese v111age - Beach berm Surface 1.50 { 1.708] o.6p] 14| 0.50
10 neo - w n 30cm, 1.8 | 1.76 0.96 1.50] 1.3p
11 Lawani village - Beach berm Surface 1.28 | 1.50 0.78| -1.206| 10
12 Llagutan village °© " L 1.36 | 1.30] o.58] 0.28| 0,49
13 Kuramo sea beach - Beach berm 15cm. 0.89 | 0.78] 0.76] 0.76| 19
14 Lawani village - Break point bar Submerged | 0.8¢ | 0.78] 0.99] 1.86] 1.4%
15 Alagutan village - Break point bar " 16 1,200 0.68]-0.28| 0.88
16 | Lawani village - Break point bar _  _ oM | 18 ) 1,28 _0.58]-0.28 | 0.48
17 Light House beach - Beach berm Surface 2.40 | 2.48} 0.38 0.26 | 0,19
i8 " n " = 400 metres of west of " 3.60 | 3.60f 0.38] -.1p 0,18
19 " " noo- lﬁigégk point bar Submerged | 2.3f | 2.38f 0.50] 0.26| 0.3%
20 oo " " L L 2,40 | 2,48 0.48| 0,201 0.2
21 U " Betich bern 15cm. 2.30 | 2.38) 0.48| 0.18{ 0.98
22 noooow " " " Surface 30 3.20 .20]-0.028, 1



Table 5.1 Cont'd,

*GRAIN SIZE CHARACTERISTICS OF

SEDI;‘EI‘TJ I THE COASTAL. ZONE i

CODE NUMBER SAMPLE LOCATION SAMPLE Mz, | . M4, SORT | . Sk.. [ KURI
' DEPTH. ’ ., R
ATLARTIC COAST _ 1
IAG T1/23 | Light House beach swash zone Surface: 2p 2.8 1 BB AB |5 L9
24 nooow *  Break point bar Submerged.] 2.56: | 2.6 .} .16 | :1.58 Fo.9p
OLD BEACH RIDGES : }- .
25 | Ogoyo village — Inner barrier t5cme | 1.88 | r.9p |- o.8f | 0.1ap| vi1p
26 | Lawani " e w 45cn. t.86 | 1.96. | 0.6 | -0.86"] 0.78:
27 | Alaguton " " Surface 1.80 | 190 0.66 | -1.164.0.88
28 | Ilado village - " w 45cn. v76 | 188 | 0.9 V-0 |nip .
29 | Alagutan © " ". 45cm, 1.8 | v.996 0.96 -.2;6" {1".-4%4’-'
30 | Tarkva bay " " 30cn. | 2.76 | 2.56 | 0.5 | 0.8 |0:4p"
31 |:Light House beach ™ w 30cm. 2.7t 2.5 0.56 | 0.76 0.4¢
32 | Onigbokun Village " " 30cm. 2,50 | 2.8 ) 4;5 0.26 | 1 ;8
33. Iganm Village  Prior barrier i 4 netres 3,48 3,30 0. 6)6 _.3,@5 .,~ Sb'
34- | Amwo " " " 3 n 3.6 | 3.38 | 0.4 | -.4p | .36
35 | 0jo village o " 2 v 3.26 | 3.30 0.36 |-0.38 | .26
36 | Okokomailo " " " 1 3.26 | 3.30 | 0.40 1-0.4. | .20
37 | Kirikiri village * " 50cms. | 3P 3.4 | 0.4 | 0F AP
38 | Ijegun village *® " Surface 3.36 | 3.40 0.50 {-0.3 »20
39 | Agboju village " " 30cm, 3.26 | 3.30 0.60 | ~.ip | 28 ;-
BREACHED RIDGES '
40 | Araromi village - Inner barrier 45cm, 1.65 1..5,6 0.66 -.256 | “ed
41 EI*Ioba " " " 60cm, 1.9 (1.86 | 0.80 |--.76 |-t.20
42 ?Gede-gede (2) » " " 90cm. 1,70 | 1.7 0.8% -.7;5’: 1.4p
43 Maroko (a) ® " " 15¢cn. 1.60 1.76 0.96 |1 28 11 .50
P Ll L. £ .

o,
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- s - * * * *
CODE NUMBER SAMPLE LOCATION SAMPLE Hz. MD. | SORT. SKEW | KURT
_ ; DEPTH

1AG T1/44 Gedegede (b) Inner barrier 1.5cm, 140 | 1.5y .76 | -1.4p ] 18
45 now (o) o " 15.ca., 1.5 | 1.56 | 0.86 | -0.36 | 1.28
46 Maroko (b) n " 15cm. 1,70 1.80 | 0.9% -0.36 t 1.48

BEACH PLAINS
47 Maroko village (a) Inner barrier Surface 2,406 2.56 | 0.80 1.3 { 16
48 " " (b) " 45cm. 2,30 | 2.50 | 0.80 1.80 | 18
49 " mo(e) m n 60cw. | 2,76 | 3p o.86 | -0.30| 1.10
50 Gedegede " (a) n t 30cn. 2.60 2 .30 0.70 2.7 .50
51 Ogoyo Village u " 45cm. | 2.58 | 2.56 | 0.686 | -0.56 | -.58
52 Maba village " " 60cm, | 2.56 | 2.50 | 0.6 | -0.46 1 .6p
53 0jo village Prior barrier 30cm, | 3.40 | 3.50 | .6 | -ip .78
54 Okokomaiko " " 60cm, 3.20 3.30 80 -t.50 | 19
LAGOONS AND SWANPS
55 Itirin lagoon (swanp) 20cm. 2p 2,10 .80 -.90 1.3
56 Light House Creek (Lagoon sand Submerged| 28 2.9 .60 0.256 .60
57 Maroko Mangrove swamp 60cn, 2.2 2.3 | .6p -.1 50
58 Five Couwrie Creek (Moba Shoal Submerged| 2.1 2.1[5 .60 .38 .Sﬂ
59 Badagry Creek (Bruce Shoal Submerged{ 1.50 1,60 .50 J1ap 38
60 Apapa Shoal lagos Harbour " 1.3 1.40 .60 A 2f
Undulating plains

61 0jota 20cm. | O -2 .96 .58 30
62 Onisigun 20cm, -50 ~.60 | .86 .60 .20
63 Tkorodu 20cm, | -6 | .86 | .90 .50 .50




. Table 5.1 Cont'd. 215
= FEN R * *
CODE NUMBER -} SAMPLE LOCATION SAMPLE HMZ. IPMQ. -§0RT Sk.. | XUR.
DEPTH - '
AG T/ 64 I jesha 20cm. ofd | —26| .70 601 P
65 Isolo 20cm. .50 .60 /) A0 30
*Me = Mean
*md, = Md.
#Sort = Sorting (standard deviation)
*3k. = Skewngss
*Yurt = Kurtosis

#Phe method used in deriving

=

thege data are described in chapter four,

Y

n

1
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The coarse texture of the sand-grains is demonstrated in
Table 5.1, where the finest mean sizes of naterials are 1.8 on
the Buter barrier, and the beach ridges of the Inmer barrier and
.78 on fhe-hreached fidges'of the Inmer barrier in this sector.
(See S'ample- Nos. Lag T71/10, 25 = 27, and 42 respectively in
Table 5.1), |

Apart from the factors enumerated in the previous
paragraphs; the coarse texture 6f the s;;dngrains especially of
the Outer barrier in this sector has been found to be closely
reléted to éhe type of sands used in replenishing the Victoria
beach, It is common knowledge that sanés are pumped from the
dredged sands from the Lagos harbour vhose sizes vary from .58
on the Brugos Shoal; —.3f on the Comnander shoal and 5 on the
Bruce Shoal (See Sample Nos. LAG 71/08, 07, and 59 respectively
in Table 5.1).,

In gsddition sands from the lagoon bed were brought to the
beach in 1972 as stand~by sand-bank for beach reﬁleniéhmen%.-
These lagoon sands vary in mean size from Z.iﬂ in Moba Shoal to -
1,38 in Apapa Shoal where the sands vere dug up (See Sample Nos
Leg '71/58 and 60 in Tablé 5.1). It follows that the Coarse
texture of the sénd-gréins in this sectors dérives from the

i 3 R
stranger ~ sands. .
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On the beach plains of the Inner barrier, east of the Lagos
Harbour, the texture of the sediments is generally finer than on
the adjacent beach ridges. This might be due to the effect of
comminution by weathering and soil formation processes rather than
those of the rigour of transport, especially when the sediments
here display etched and pitted surfaces during morphoscopic
analysis as showm in Fig. 5.2 (LAG 71/48, 49 and 50).

The coarse neture of the sediments in general derives from
the ingbility of weathering procecses 4o complete the total break-
dovn of sand grains after they have becn exposed to subaerial
weathering. This_is due to some extent to the high level of
underground water, which prevent the penetration of air to effect
rapid decomposition of sand grains; the relative stability of
quartz minerals to weatherifig and the relatively 'recent’ time of
exposure of the landforms to subeerial weathering. The coeffi-
cient of sorting of the sediments varies between .20 for the very

well-sorted group found on the Light House beach ard 0.98 for the

-noderately sorted groups found scattered amongst the samples but

mor¢ persistent on older landforms. The relatively high-degree of
sorting of the sediments in the coastal zone whose upper linits
fall within the moderately sorted grade of MeCammon (1962) is
derived from the high energy environment prevailing in this area.
The nost efficient sorting medium in this coastel zone is the sea

waves as demonstrated by the high degree of scrting of materials
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taken from beach berms and areas adjacent to the beach of the
Suter barrier.. Yhere, for cxample, the sorting coefficient is
high as in samples LAG 71/17, 18 and 22 at the beach berm they
are found to be where the energy of the oncoming waves is
dissipated on the beach,

The coefficient of sorting varies with particular landforms
as can be seen from Table 5,1. A4lthough Victoria beach is a wave=
beaten beach, the coefficient of sorting there is relatiwely lower
than that on Light House beach. This seems to derive from the
fact that only the waves constitute the sorting medium here,
because the littoral drifts have stopped tentatively behind the
WYest mole, Secondly the addition 6f sands from the lagoon used
for beach nourishment might have reduced the coefficient of
gorting of the sediments on Victoris beach.

On older londfoms, such as beach ridges, breached ridges
and beach plains sorting is relatively poorer, because of the
re-arrangement of grains and cements by the agencies éf wveathering,
and in some cases such as in the swamps and lagoon bed, the addi-
tion of sands washed down by rainwash from the.t0p of ridges is
a cause for the reduction in the degree of sorting. In general
the sorting of the sediments reflects the rigour of the deposiw-
tional media along this coast. However, the effectiveness of the
coeffickent of sorting as an index of the energy of the deposi~

tional media diminishes with time, because as sediments are
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exposed to subserial agencies, the processes of diagenesis and
1ithificaticn develop, which alter the packing and arrangement of
the sand grains.

1t is however observable from Table 5.1 (LAg 71/17-23) that
fine-grained sediments are better sorted than the coarser ones as
demonstrated in samples LAG T1/01-06, 09-016, and 047-034 in
Table 5.1. Even in the scdimenis from older lendforms better
sorting occurs on fine-grained sedinments as in LAG 71 /3339
compared with semples from LAG 71/40-46-in the seme tabulation.
It follows that, finer sediments possess better degree of sorting
than coarse ones and since the rate of permeability is a function
of size and sorting amongst others (Krumbein & Monk 1941), it #s
possible to identify areas of high and low rates of permeability

on the basis of these twe factors.

DEGREE OF ROUNDNESS: The analysis of the degree of round-
ness of the sediments is shown in Table 5.2 below. It is observa-
ble from this table thet angular and sub-angular grades occur in
greater percentage in the samples from the undulating plains,
Lagos lagoon outlet, and Light Houzse and Vietoria beaches. The
cccurrence of the angulsr grades in the undulating plains derives
from the genesis of its sediments which is essentially fluviatile
in origin, because they comprise the Coestal Plain sands which
apart from being continental in origin, were deposited in a dry

phase by rivers — (Jemes and Hockey 1964). Thus the occurrence
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UEGREE OF ROUNDNESS AND STRUCTURAL CHARACTERISTICS

TABLE 5.2 OF SEDIMENTS IN THE COAST OF LAGOS
: % % %
Se;;al LANDFORM UNIT I_SI‘;“E{;:Q in %lar Sub Sub Well | Styuctura] Pattern
. LAGTY e Angular] Rounded{ Rounded { Rounded
1.} UNDULATING PLAINS 61 12 80 8 - - Large gquantities of Clay
naterisls
2. 62 58 28 14 - - Reddish Coating
3., 63 12 20 72 4 - Concretionary
4.1 SWAMPS 55 - - 12 54 34 Stained red - fungal
growth
5. 57 - - 16.6 58 25
6. 66 - - - 48 52 Crystal growth
7. 67 - - 38 37 25 Darkish stains
8. 68 | 88 |12 - - - | Admixtures of shalls
9.] BEACH PLAINS 47 - - 4.4 | 66.6 28.8 | Admiztures of ghell and
sand
10.} 48 - - 7.8 53.8 38.4 | Crystal growth and pitting
11, 49 - - 6.6 T3.3 20 Darkish Coatings
12, 50 - - 25 42.1 32.8 | Coatings
13. 51 - - 17.3 58,2 23.9 Reddish Stains
14.| BREACHED RIDGES 40 - - 42,6 32 25.3 | Reddish Stains
15. 41 - - 20 50 30 Red coatings but polished
16. 45 - - 41 .1 40 18,8 | Etching and pitting
17.| OLD BEACH RIDGES 27 - 16.6 44,4 38.8 - Concretions
18. 29 ~ - 43 57 - Iron coating, etched
19. 30 - - 25 54.2 | 10.8 |Grains
20.| CONTEMPORARY BEACHES
21, 17 52 48 - - - Sharp edged grains, very
fine and clean
22, 18 80 20 - - -
23, o 20 15 25 30 10 Admixtures of sand and
breken shells
24,1, 05 28 12 30 20 10 fdmixtures of sand and
: broken shells
25, 14 20 10 45 10 15 Admixtures of sand and
broken shells,
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of angular grains depicts the low cnergy medium of trmnsport, the
short distance of transport which is likely to be from the
drainage basins of the coastal rivérs, the relative resistaﬁce of
quartz grains to wear and the relatively 'recent'! time of exposure
of the nmaterials,

Angular grains are common on the Light House beach probably
because of the pulverization of sand grains knocked against the
rock buulders of the west mole by the waves. Large guantities of
angular grains, with very sharp ~nd freshly cut edges and whose
original outline was roundish, were found on the beach berms and
breaker zone of the Light House beach up to a distance of 400
metres west-ward, It was found out thaé the waves that break on
the rocks of tﬁe West mole develop a 'reverse current' between the
low=wnter and high water marks that carry these broken grains
westwards. Some of the stained sand grains dropped from the top
of the mole to the breaker zone were found during field work o
be deposited at points from ten to four hundred metres westwards
of the West mole.

The angular sediments on the Victoris beach are likely to
be those sediments pumped there for beach replenishment, from the
Lagos lagoon. While the angular sands of the Light House beach
derive from the intensity of deposition and their resultant

pulverization, and those of the Victoria beach from its nourish-

1.; -
P

ment with sands from the Lagos lrgoom.
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01d beach sands are senerally rounded to well-rounded in
shiape as demonstrntrd by samples LAG 71/40451 shown in Taeble 5.2.
The roundish nature of the sediments result from the cowbined
effects of nrolonged pericd of reworking by waves and littora
drift during the time of deposition. It is therefore being
established th=t in gerwerszl the degree of roundneas of the sand
grains in the coastal zone of Lagos could be used 25 an index of
the energy of the trensportational snd depositionsl agents. The
angulerity of the recent beach cands is not an indication of weak
transport media, but a combinsotion of high wave energy and the
influence of human action in the construction of the West mole oﬁ
the Light House beach; and on the Victoria beach, the result of
the puaping of sands from the lagoon bed for beach néurishment.
In this case, the degree of roundness can be used to indicate the
intensity of the palaeogeomorphic processes involved in the
evolution of the landforms rather than that of the contemporary
processes,

Furthermore, tho well rounded nature of the sand-grains of
older landforms confirms their marine and submarine origin. Hence
the origin of the sediments in nost of the landforms ssmpled
except the undulating pleoins could be said to be ﬁarine and sub-
marine, vhile the sediments of the undulating plains were

terrestrially derived.
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STRUCTURAL CHARACTERISTICS:

The structural characteristiés of sediments a3 defined by
Petti john (1957) include the grain pathology, fabric, minernology,
bedding and concretionary development. Grain pathology according
to Pettijohn (1957) is one of the surface features present on the
grain which might have resulted from changes that have occurred
in it since deposition, These might include grsin etching,
pitting, crystal growth and staining. Apart from these surface
features, this thesis also examines the changes in colour and
mineral aggregate a5 a result of the precipitation of unstable
minerals, as evidence of typical overall environmental changes in
the area of study.

GRAIN PATHOLOGY:

Most of the sediments in the coastal zone espacially those
of the older landforms such as old beach ridges, beach plains and
the undulating plains display combinations of surface marks sucﬁ
as red, and grey stxains, ctching and pitting, crystal growth and
aggregationa. Sediments from the undulating plains hove 2 thick
natrix of clay nmaterials, reddish coloured grains of Sgnd and
reddish coating as demonstrated by samples LAG 71/61, 62 and 63
in Table 5.2. Both the Prior and Inmer sandy-barrier formations
consist of sands with red stains, pitting and with admixtures of
reddish sands, The occurrence of the reddish colour, red stains

and the pits in these sand grains reflects the intensity of
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oxidetion tokdng place in the sediments as a result of exposure to
weathering., The reddish materials are precipitateg of iron and
alluminium derived from weathering. The depth of the reddish
profile varies fror over 20 metres in the undulating plaing
(Mushin bore hole, Nigeria Geological Surveys 1960) to four metres
on the Prior barrier and zbout ten centimetres on the Inner
barrier. This variation in depth can be explained by the time-
intensity concept of Krypine (1945) which states that the depth
of the weathering profile is a function of the duration of weather-
ing and the magnitude of the weathering agents, It follows there=-
fore, that wenthering occurred in the undulating plains over a
longer periocd of time than on any other landforms in the coastal
zZone.

CONGRETIONARY DEVELOPMZNT;

One of the phenomenon cccuring within'the sedinents in the
coastal zone ig the development of 'Cuirrasse' sand-crete and
silicrete. Both the cuirrasse or vhat is erroncously referred to
as 'laterite' (Adepegba 1969), »nd the sandcrete are generally
bounded together by precipitates of iron and alluminjum. The
difference between them is that the sandcretes are amaller
aggregates of quertz about Oﬁ in dianeter while cuirrasse moy be
as large as ~2ff in diameter.

The silicretes are bounded tozether by the precipitation of

gilica and generally occur in the horigons with high level of
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underground water, below the weathering front in the beach ridges
or in the upper horizons of the beach plains. These aggregates

are generally referred to as concretions in this thesis,

The concretions occur in large quantities in the undulating
plainsg, and on the Prior barrier formation, while traces of thenm
l are found too, on the Inner barrier formation. They occur in the
- wezthering profiles and are consequently the products of weather=-

ing. Weathering therefore constitutcs an effective agent of

Sediment modification in the coastal zone. The occurrence of
d concretionary structures is not solely sn indication of a high
intensity of weathering but also that of 2 humid c¢limate with
eltemation of periods of wet and dry scasons. It is certain that
the preci;pitation of the ferro-magnesisn minerals took place during
a humid climate and the aggregation of the residue probably
occurred during a relatively drier climate. This evidence goes
further to confirm the occurrence of dry and wet phases of climate
in this zone, especially when sinilar evid@®ce has been adduced in
other parts of West Africa to explain the changes in the climates
of past.. (Le Bourdiec 1958, Davies 1964),

MINERAL COMPOSITION: The nminarals found in the sediments

include quartz, silica, iron, alluninium, calcite and accessory
r - minerals like kyanite, staurelite, rutile ete. However, the
classification followed in this thesis is general because the

minerals are separated in to four groups: viz: minerals which
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pass through the 200 B.S. sieve mesh are referred to as silt or
clay, guartz ainerals, calcareous materials and the heavy minerals.
fo effort was nade to estimete or measure the quantity of minerals
such as iron, silica etc..because the knowledge of their guantity
in irrelevant to the theme of this work.

The four groups of minérals are shown in Table 5.3. as they
occur in parts of the coustal zone. The choice of the 200 B, S.
sieve mesh as the dividiﬁg line for the silty and clay grade
derives from the fact that they f£all into the fine-sand grade of
the Americen Soeiety of Civil Engineers as published by Ladd etal
(1969) and helps to determine the percentage of compressible
material within each landform, .since the materials of this grade
are gencrally conpressible under prossure, CéSangrande (1932)
Ladd etal (3969). The choice Qf quartz derives from its suta-
bility for devising the provenal.nce of the éediments as well as
the stability of the sedinents i; general under the influence of
sub-~aerial weathering. Calcareous-materials can be used to
determine the origin of sedime%fs as well as their atability,
especially if a high percentaaé of thelsediments consist of then,
The heavy minernls, are significant a8 hes been mentioned earlier
for the determin-tion of the provenance of the sediments as well
as a measure of the effectiveness of weathering and the other
agents of denudation. u.

48 gl 71 in Table 5.3, quartz fomms the largest group of
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GENERAL MINDRAOTOGICAL CONTANT OF THE

SEDIMENTS
TABLE 5.3
Se_;}‘:éfl Sanple .:?ﬁloca’c-‘-bn 7 Silt Quf rtz Calofreoua Hega{nvy
or Clay Materials ‘Minerals
1. | Victeria beach 10 55 33 | o2
2. | Commander Shoal - 60 57 1
3, | Light House beach - 80 19 1
4, | Lawani Beach 2.5 69 27 1.5
5. | Maroko Mangrove Swaiip 40 52 7 1
6. | Lagos University
Mangrove Swanp 48 50 1 5
7. | Tarkwa Bay Mangrove _
Swarip 45 45 10 -
8. | Iganm Swanmp 70 28 i 1
9, | Breached sand ridge-
Maroko - 8 88 10 2
10, | Prior barrier at Armuwo 40 55 3 2
N
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minerals in the constal zone. The domineering posit{on of quartz
gives the impression of identical source regions for the sediments
in the area, and most likely from the rocks of the basement complex
in the hinterlmd of South Western Nigeria. 4£s most of the quarts
grzins show evidaence of narine deposition, it is probable that
they were deposited initially into the sea~bed by rivers when the
sea level was lower, The ooccurrence of large quantitics of ghuarts
groing in effect underlines the fact that most of the loss stable
minerals have been weathered, and this confirms the effectiveness
of weathering as an agent of minersl decomposition in this area,
The occurrence of lerge quantities of materials of finer grade in
the swamps underlines the fact that these areas may be highly
compressible if heavy stfuctures arc constructed on them,

The occurrence of calcareous neoterials in every one of the
samples in Table 5.3, indicetes the influence of marine/submnarine
or lageonal agencies in the eveolution of the landforms. The
table shows thnt a high percentage of calcareocus material (27-37%)
occurs in recent landforms such as on the Victoria beach, Co@mander
Shoal on the Lagos Harbour, and on the Light House beacﬁ, wﬁile'on
0ld landforms such as the Prior barrier and Iganm SWaﬁp:their
percentage of occurrence is relatively low (1 — 10%), This
demonstrates the vulnerability of caleareous materials under

intensive werthering as occurs in this coast,
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The general low percentage of occurrence of heavy minerals
is glso an evidence of the intensity of weathering which decomposed
most of the less stable ones and perhaps transport rigour which
might have caused the reduction of some of ' them to thé clay grades.

The directions of transport of the heavy minerals along the
coastzl zone is shown in Fig. 5.6, while Table 5.4 shows the
detailed occurrence of the heavy minerals in each sample examined.
Of all the heavy minerals, hornblende is the most unstable
(Pettijolm 1957), hence its occurrence 2s a residual in this area
of intensive weathering meeds clarification. Only very few horn-
blende occur in the older landforms such as breached-ridges and
beach plains, while it occurs in a greater quantity on the sea
beaches., This might be due to their existence under the sea for
very long time where they avoided the attack by weathering, while
those occurring in older landforms might lie within the level of
underground water and thus escape werthering.

However, the occurrence of these heavy minerals aids the
identification of the source and direction of transport within
this Cpastal gone as shown in Fig. 5.6 on page 235, Of the heavy
minerals only zircons, kyanite and hornblende come within the
littoral drift zone while all except limonite, and hormblende,
come from the sea bed, Al the ceoastal rivers transport horm-
blende while the*bgun transports zircons, staurolite, tourmaline,

garmet and limonite. .
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HEAVY MINFRAL ANALYSIS OF SAND SAMPLES FROM LAGOS COAST

TABLE 5.4 (NUMBER OF MINERAL GRAINS)
SANMPLE KYA— STAURO | TOURMA} EPI-| BORN | LEMO
NOMEER| SAMPLE LOCATION | ZIRCON| wrool “rrow | 1rwg | pore| prmme) iz | SRV
1 |00t | Victoria Beach,
Lagos 3 4 - 2 2 L - 2
2 | 006 | Victoria Beach '
Lagos 2 3 2 1 3 3 - 1
21017 | Light House Beac
Lagos : 4 5 2 1 3 - - 1
4 {018 | Light House Beach
Lagos - 2 2 1 1 3 - - 2
5 | 020 | Light House Beach
Lagos 3 5 3 1 1 1 - 2
6 | 9'3 | kuramo Beach Ridges | 4 2 1 3 1 1 - 1
7 {015 | Alagutan Beach
Ridges Victoria B 3 1 i 1 1 - 2
8 {055 | Lagoon Deposit 5 2 1 1 - - 1
9 1028 | 01d Beach Ridges 3 1 1 - - - - 2
10 } 047 | Beach Plains Maroko 5 3 1 i 1 1 - -
11 | 050 } Beach Plains 5 3 1 - - 1 1 2
12 {053 { Beach Plains 3 1 1 1 - - 2 -
13 1034 | Beach Plains 4 1 1 2 - i 3 -
14 1051 Beach Plains 3 2 1 - — 1 1 1
15 1048 | Beach Plains 4 1 2 - - 1 1 2
16 1048 | Breached ridges 3 3 1 - - 1 2 1
o
b
Mt 2 rr"m'

I‘Lg-,s\...



TABLE 5.4 (Cont'd)

%igg 3AMPLE LOCATION ZIRCON NK}EQI,E S{%%O-ngggﬂ' ggﬁ g%gm f;}fg%" " GARNET
17| 043 |Breached ridges 2 3 | y {2 | - -- 1
181 029 [01d Beach Ridges 5 1 3 - - - - -
19| 028 {014 Beach L.,H. Beach 3 2 3 2 2 3 - -
201 056 (Lagoon Deposit . -

L. .H. B, 2 3 3 2 1 6 - 1
21 | 059 (Lagoon ls)eposit:'s _
L. H. B. 3 4 1 .5 2 i - 1
22| 058 tiLagos Lagoon_ Sands 3 1 2 1. - - - 4
23 | 0jotd Quarry 4 1 2 2 2 1 8 1
PR L e e w £ ..
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This goes to confirm the previous assumptions that the sedimente

in the coastal area d4id not only originate from .the immediate

hinterland, but also that the coastal rivers were responsible

for their transport.

BEINDING CHARACTERISTICS:

It was not possible to cut profiles through the soil to
considergble depth, because of the ahsence of necessary equipment,
and the loose nature of the sediments which left bedding plains
undefined, The succession of siratz in general includes alter=
nating beds of sand, silt and clay which is generally reminescent
of the medium of defosition. Example of this succession is
illustrated in Fig. 1.6 on page 23,

Llthough the knowledge of the stratigraphic succession of
sediments is erucial to the objectives of this study, emphasis
would be laid on evidence available from other sources, since it
was not possible to get actual profiles through the soil. Core
samples were taken to ascertein the depth of contemporary swamps
in the Cuestal zone with a view to recognising the tﬁicknesa of
the silty mater}als that may be compressible in case such locations
are developed.

The depth of some of the swamps is illustrated in Teble 5.5
below., The depths véry between 3 metres in University of Lagos
svamp to about 70 metres at Igonmu before contact was made with

the sandy layer beloﬁ. The depths illustrate the mognitude of

compressible materials in the swamps and would guide the
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processes of their reclamatiom.

Ltpart from the swamps, no other areas consist of thick bed of
compressible materials, except the Ogun-¥ajidun plain which has been
classified as highly comp?essible'aboue. In general therefore, the
succession of strata depicted in Pige 1.6 and Table 1.1 would be
used as a guide to the detemination of the stratigraphy of the
coastal zone, More detailed stratigraphic data are available in the
Offices of 0il Companies who classify them as 'Commercial Secret!
and were not available for my uze.

INFERENCES FROM SEDIMENT CHARACTERISTICS

An attempt is made below to summarise the derivations from
the analysis of sediments- under two broad headings:= theoretical
and practical i.,e., those facts affecting the character of the
land and are usable as a guide to land resource development.

The analysis elucidates the problems of the physical processes
of sedimentation as they might have influenced the evolution of the
coagtal landforms. Sources of sediment supply for the past and con-
temporary landforms, the media of transport -into the coastal zone
were identified. The map in Fig. 5.6 illustrates this on page 235
above, while Table 5.6 carries informztion about thesg aspects also.

Both the textural and structural characteristics of the sedi-
ments show a marine origin of all landforms except the undulating
plains whose origin is shown as fluvial in origin aﬁd both wave and

litoral drift were in operation during -the evolution of the
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DEPTH OF SELECTED SWAMPS IN THE LAGOS COASTAL

ZONE
Table 5.5
- CORING LOCATICN . THICKNESS
.
1. University of Lagos Swamp 3 metres
2. Bariga Swawmp 5 1
) 7 %, Itirin lagoon Swamp 4

: ’ 4., Tarkwa bay LA 5 "
| .

5 Iganmu " Above 70 metres
ot (courtesy of Foundation
r Engineering Co. Nig.Ltd

1972).
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landfoms respectively. The relief of the beaches has been
influenced by the paftefn of distribution of sediments. The beach
gradient of 8° between Apese villege and Lawani where the mean
diameter of the sands is between 8¢ and 1, whereas on the Light
House beech with materials finer then 2.50, the beach gradient is
about 2°, Also the veriation in the sizes of the sand grains
affects the intensity of besch erosién, because intensive erosion

takes place in the coarser material of the Victoria beach, while

it is’ largely unnoticed in the Light House beach with finer

naterials,
The overall surface and underground drainage patterns seénm
to be influenced by the sediment charécter,'since permeability

is a function of increase in grain size and sorting (Krumbein &

- Monk 1941) and porosity is 2180 a function of grain size, sorting

and packing (Pettijoﬁn, 1957) the éoafse'grained'sedimeﬁ%s with

© better sorting coefficient are charseterised by high rate of

permeability.' But in the swampé and flood plains with fine graina
and poor sorting the refrerse is the case. ot T

From Table 5.1, -it id possible to nétice that the coarde
texture of the sediments in this .area is greater than”the lower
linit of the coarse-sand grade of 50 used by the American Society
of Enginzers (Ladd etal” 1969). However, in Table 5.3, it is

shown that Some parts such as Iganmu swamp, Tarkwa bdy swamp, the

Prior barrier at Amuwo and Maroko mangrove swamp consist of a
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SOURCES OF THE HEAVY MINERAL SUITES

TABLE 5.6
LOCATICN ROUTE
HEAVY MINERAT{ SOURCE ROCK oF oF
SOURCE ROCK TRANSPORT
1. ZIRCONS Granulitic Iseyin R. Ogun
Gneiss Ibadan/
Quartzite & | Olokemeji,
Quartisite Upper Ogun "
gchist
Quartizite & | Atacora range R. Mono
Phyllites Togo
2., KYANITE Acid-Gneisg Dahoney Longshore
drift.
%e STAUROLITE Mice Schist Ibadan Ogun R.
Syncline
4., TOURMALINE Pegnatities & | Aro & Ogun R,
- Miganatites Ikercku
5. EPIDOTE Quartzijtes Ibadem "
- ' Olckenme ji
6. HORNBLENDE Bictite-Bneiss! Ado Rock Yewa
Biotite-Schist | Aboko Hill "
Hornblende -
Gneiss n n "
7. GARNET 0lder Wasini Qgun R,
gronites
8. LIMONITE Cretaceous Vasini Ogun R.
sandstones
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relatively high percentage of finer me,terig,;s. It follows that
for purposes of land resource developmentr., those parts with finer
naterial greater than 70% could be regarded as highly compressible
end liable to subsidence after de-watering and compaction e.g.
Ogun -~ Majidun Alluvial plain, and Iginmu swamp. These areas with
Coarscr material _greater than 706 may be classificd as relatively
stable areas, and they include the sandy-berrier fomations and
the undulating plains,

Furthermore, the swamps listed in Teble 5.3 are likely to
be potentislly floodable areas becouse the materials in the clay
grade are greater than 30% which is the critical percentage at
which the soil is expected to retain waber (Taylor 1947). The
liguid linit of all other lmmdforms tabulated in 5,3 may be high
and be easily reclaimed for c'{éi;elopment.

The high' ‘raté “of ‘pémmeability of thé s edinonts dontributes
to the rate of witer sedipige from'the sea’and 15zoors ndtieesbie
in enclosed swamps dﬁriﬁtg. the rise and fall of the ‘tides.  Tn¥+ " -
effect, " this activity varns ‘against Low ‘foundations which may '-be.

flooded’ by -the rié-iffé"ie“&él"’-df underground water during the -tidal™
cycle or seadonally Huring the rains.’ R R A
The dfnamics of eroSicn end sedifcntation in ‘the ‘coast -
derive fram the character of the sediments s €8pecially the rapid
renoval ‘of materials on'the Victorin beach'and’ the acegrulation of
Sedinenta’in- the Lagos ‘Harbour. ~Hrosion on ‘the Vidtoria'bealh is

P T . .t o he e e
i -,- . - T . Cos e [N 1
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aggravated by the coarse texture of the sandgrains which become
vulnerable to high waves, and the development of a west-east
littoral drift from the beach,

In Lagos Harbour, the fine materials_in suspension from
both the ﬁadagry and Porto Novo Creelk® in the West, the lLagos
lagoon to the North -gnd Pive Cowrie Creek tp the east sink vhen
in contact with the sea—water; and nourish the Brugos Shoal.

During the analysis, it vas found that the unﬁulating plains
and the Prior barrier consist of large quantities of Concretions,
which could be used in other parts of the Coastal zone to aid the
rapid reclamation of the swamps: Also, the occurrénce of shoals
or Szand banks in the lagoon with sand grains with a mean diameter
of between 1,3@ and 1.5 provides an alternate bource of sand for
construction purposes, instead of relying on barrier Sands as at
present,

In general, the sediments within the Coastal zone, by virtue
of their coarse nature and predominznce of quartz minerals and the
prevailing pumid c;imate, may not have reached a stage of maturity
stage. Maturity o%;éediments can be measured by the relative
degree of finess of grains ér by the absence . of unstéble_minerais
(Pettijohn 1957). The effect of weathering can be seen in the
rapid decomposition of the ferromognesion minerals on the Prior
barrier and in the uﬁdulating plgins, and it is expected that the

same activity would extend to more recent lsmdforms such as the
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Outer and Inner barrier formations, and the Swamps when they are
reclaimed. Therefore in any programme of land resource develop=
ment in this coastal zone, considerstion should be given to the
role of weathering ond soil formation to avoid subsidence or
general lowering of the lond as o result of sediment campaction,

There seems however to be a relationship between the grain
size characteristics of the scdimefi’s and the morphological
properties of some of the Coastal landforms. It has been found
out that landfoms with relatively low angles of inclination with
generally flat sumits oonsist of finer grains while those land—
forms with relatively steeper slope angles with markedly elongated
distinctive relief fentures consist of coarser grains. For
example, the flat~topped beach ridges of the Prior, Immer and
Outer barriers west of the Lagos Harbour consist of very fine
grains whose median diameter renges between 2,58 and 3,66 as
shown in somples LAG 71/30 - 39 and 17 - 24 in Table 5.1. Apart
from being flat-topped, the beach-ridges display low-angles of
inclination gemerally varying between 2° on the Quter barrier and
about 40 on the Prior barrier West of the Liagos Harbour.

On the other hand, the beach ridses east of the Lagos
Harbour are well defined, elongoted and the slope angles vary
between 6° and 8° at Ilado and Lavani respectively, vhile sand
cliffs are out inko the Outer barricr by waves in this sector,

especially on the Victoria beach. This area of relstively salient



G

244

relief and well defined slope inclination consists of relatively
coarse sands varying betfeen ,7¢ and 1,9 in median diempeter and
shown in semples LAG 71/09 = 16 and 25 - 29 in Table 5.1.

The undulating plains and the beach plains are arcas of
contrasting landform type and grain size chmacteristies. Apart
from being the arcas of most salient relief in the coastal zong,
the undulating plains consist of well defined north to south
ridges end valleys, and displayed the steepest slope angles of
about 10°. Also, the landforms consist of the coarscst sediments
varying between O ﬁ and - .Bé in Md. size as shown in samples
IAg 71/61 - 65 in Table 5.1, However, the bteach plains which,are
generally flat consist of finer sediments ranging between 2,56
and 3,50 as shown in Table 5.1 in sampleos LAG /47 - 54,

Fron the anslysis above, it seems as if coarser geain sizes
develop into well-defined landfoms while finer grain sizes aid
the development of very faint relief on the landforms in this
coastal zone. This nmight have been due to the 'differential
erodibility' of fine-grained and coarse-grained sands, which is'
higher in the latter and lower in the former.

Furthemore coarser sediments are susceptible to wave or
gulley erosion because of their higher degree of permeability and
lcose nature, whereas finer sediments seem to be prone to erosion
by sheet wash because of the compact packing of the grains and

the reduced rate of permeability.



&

245
It foliows therefore that the finer texture of thesand grains of
the irdfoms west of the Lagos Ha.i-bour and the Coarse texture of
those of the landforms east of the Harbour influenced the
ciars i of their morphologicel properties described above,

Tho study of the sediment characteﬂs%ics has thrown a lot

of light on vital aspects of land resource management in the area,

‘Tirst, the details of the land character have been exhumed, and

a e¢lesc relationship between the lanc_ifoxﬁs and the character of
their sedinents has been established, thereby lallowing for a
battor classification of the land based on both the surface and
cubsurface properties of the terrain as advocated bymB.rink
(1559%_ Bvidence has ‘been brought to ezplain the dynamics of

erosion, acrstion, flooding, dre’ 'age and subsidence, which are

gecunorphological problems comnon to this coast as examined in

chapver three. In the next chapter an attempt is made to
classify the area into landform units using the sediment

choracisz &7 one of the criteria.
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CHAPTER SIX

CLASSIFICATION OF LAWDFORM UNITS IN THE COASTAL
ZONE OF LAGOS

6.1 INTRODUCTION:

This chapter describes the procedure used in the classifi~
cation of the area into landform units of similar attributes and
presents the classification as well gs part of the techniques used
in the study of land-resource development in the coastal zone of
Lagos. The previous chapter elucidated the data about the
character of the sediments in the area, while the details about
the charscter of the verious landforms have been carefully examined
in chapter two. This chapter, therefore assembles the date from
these sources, classifies them into 'homogenous' units on the
basis of selected cr@teria'to be enumerated, A land elasgifica-
tion map of the area, based on the data collected is also produced.

Land classification is an important method used in land
resource surveys either for the compilation af land inventory in
general (Christian snd Stewart, 1947, Haatjens 1961, Mabbut and
Stewart 1963 and most of the land resource surveys of CSIRO in
Australia), for land use appraisal (Forbes 1961), (Lebon 1962) or
for engineering capabilities of the land, (Aietchison and Grent
1968, Dowling 1968). Apart fram this, the ultimate classification
of the land into units of similer attributes is an important

aspect of applied geomorphology, beczuse it makes geomorphology
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practical and aids the rational planning of Land for the various
land users as.advocated by Dixey (1962)and described by Tricart
{(1961). Since the principél objective of this study is to
demonstrate the significance of planned development of land
resources, especially for settlement expansion in the Lagos area,
the classification of the land doecs not only conform with the
practice by scholars from other parts of the world, but also aids
the plamning of setilement expansion in the area.

The arca ¢lassified aé the Lagos Coastal Zone does not
include the built-up arcas, because they were nelther sampled
during field work nor did they fall in to the category of areas
needed for future land use plamming. If there i; any pfogramme of
urban - redevelopment in Lagos Metropolitan area, a different
study of the built up areas can be embarked upon. However the
areas classified include the sand ridges, swamps and depressions
which have not been developed for settlement within the areas of
jurisdiction of Lagos and Ikeja Divisions of the Lagos State.
Thig area is illustrated in Fig. 3.5 on page 165.

Before any reliable land classification exercise can be
carried out, a detailed analysis of the land character must have
been completed and assembled. The land character used as
criterion for classification depends on the purpose for which the

classification is meanb.
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Certain classifications of the land for over-azll inventory may rely
on landform associations, vegetation, hydrography and perhaps soils
as the criteria for classification, (Christian and Stewart 1947,
Christian 1957), while others whose aim is to elucidate the
engineering properties of the land may include relief texture,
drainage density, soil strength, soil texture, soil water and the
gradient of the slopes (Aietchison and Grant 1968). For the
objectives of this thesis, the following criteria have been
selected. They are, land morphology, drainage, sediment charac-
teristics, depth of weathering profile, processes of evolution,
vegetation cover, and the location of each land unit within the
area. The criteria chosen are broadly based to satisfy the needs
of probable users of the subsequent land classification map such
as Tngincers, Town planners and Architects.

For the coastal zone of Lagos the land classification
criteria used are based on the land attributes dealt with in
chapters two, where the relief characteristics were described and
the sediment characteristics of the landforms as described in
chapter five, 1t is thus a classification based on the conver-
gence of evidence from the genesis of landforms, as demonstrated
by Mabbut {1968} Stewart®(1968), the hydrography and superficial
meterials as recommended by Beckett and Webster (1965). It was

not possible to rely on detailed slope anslysis as well as other

‘morphonetric properties of landforms because there are nc maps
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available with adequate contour intervals for this type of analysis,
and much of the terrain is inaccessible for detailed field work
hence a morphologieal mapping exercise based on field measurements
and topographical mep analysis could not be carried out.

Apart from thesc difficulties, the lowlying nature of the
terrain, calls for 2 different approach to the classification of
the land. Hitherto morphometric propertieé feature prominently
in land classifications as shown in the works of Parry et al
(1968); Aitchison and Grant (1968) and was alseo advocated for by
Savigear (1965) in his Techniques of morphological mapping. The
works quoted above however, were carried éut in arcas with well
marked relief features, where base maps at suitable scales are
available. In view of the sharp contrast that exists in terms of
available facilities for mapping in lagos area amd areas covered by
the works cited above, it occurred to the authir that different
eriteria could be used to advantage in the Lagos area where the
sediment properties of grain sizes, sorting, sediment structures
and fabrics are of significance to geomorphological interpretation
as well as engincering classification (Ladd et al 1969),

Similarly the hydrography of the area, such as surface and unders
ground drainsge features, and mbrpholOgical characteristigs of the
land units which are identifiable are again pertinent to the demand
of Town planrers, Architects and Civil Engineers in making plans

for land development.
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This approach enhances the elucidétion of the interacting
character of factors of 1and form development e.g. morphogenesis,
the superficial deposits, the hydrograﬁhy and the morphometric

properties of the land.

6,2 CBOMORPHOLOGICAL CLASSIFIC.TICH

Geomorphological classification derives from the quest of
Geomorphologists to obhtain more knowledze about the spatial dis-
tribution of landfoxms, their inherent characteristics and to
make the subject more relevant to the necds of mankind with
reference to land use planning. In the coastal zone of Lagoes,
where the meagre land resources with their limited spatial extent
and poor terrain conditions constitute major obstacles to wrban
expansion, inspite of the great demand for lard for various land=-
use categories; the use of geomorphological techniques to evaluate
the land for better planning purposes, and to elucidate the
detailed geomorpholigical charascter of the land, is of great
gﬁportance.

The need to understand the geomorphological character of
the land in any exercise to find solutions to the problems of the
hyman environment has been demonsirated in the works of Linton
(1951) Tricart (1961) Dixey (1962) Klimazewski (1963) Savigear
(1965) Vink (1968) Mabutt (1968) Olofin (1972) and Demek (1972).
The techniques of geomorphological napping and the classification
of landforms, have been employed to a great advantage in the

various works cited above.
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And this thesis is largely in agreement with the points of view
thereby expressed because any landform analysis based on the
classification and mapping of gecmorphological attributes of the
1and is more reliable than any one based on other criteria such
as vegetation ard/or soils. Furthemmore as each part of the land
surface is the end-product of an evolution governed by the litho-
1oéy, past and present landform processes, climate end time, it
is necessary to examine and analyse the characteristiecs énumerated
above to enhance a better understamding of the character of the
land, 4&n understanding of these land attributes fall within the
scope of geomorphological investigations and no other discipline
deals with them as such. To substantiate this further, (Currier
1952) pointed out that terrain intelligence is within the primary
field of the geamorphologist to provide, and he is bét’cer equipped,
well trained, experienced and aware of the complex interrelation-
ship of phenomena than the Engineer to interprete such basic data.
It is in recognition of this role of geomorphology that most of
the present day land resource surveys and their clessification
maps have to be based on geomorphclogical princéples.

There are thrce types of land classification Qgthods known
to the author at present, and they include (i) the land system of
the C(SIRO in Australia which-is basically used to take the
inventories of land resources in the uninhabited parts of Australia

(4i) the recurrent landscape pattern of the Military Experimental

L4
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Establishment in Britain used mainly for military engineering
and also adopted by the Soil Mechanies Division of the CSIRC in
Australia and (iii) the Uroschische system in Russia used mainly
to identify the agriculturzl capagbility of the land and in more
recent times the engineering cepabilities of the land, Apart
from their derivation from geomorpholmgical principles, these
classifications are based on the identification of the hierachy
of land units delimited on the basis of the similarity of their
attributes, but ordered according to size, such as land element,
land facet, recurrent landscape patterns, land province etc.
(Becket and Webster (1965)) or the land unit, land system, complex
land-system categories of the CSIRO (Christian 1968}, The methods
used in these classifications are significant because they consti=-
tute the scientific and applied aspects of landform study.

However geomorphological classification promotes ang’under_
standing of the detailed evolutionary history of landforms, their
material composition and the processes of morphology, and
enhances the understanding of the apatial relationship of various
units of classification. In its application however, groups of
identieal units are recognized and the data bank for variocus land
users notably those interested in lend resources planning, are
provided,

In this thesis however, the units of classification are the

'land unit!, the recurrent landscape pattern, and the land region.
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These units as mentioned earlier on, are derived fram the
similarities in their attributes such as Landform morphology,
sediment character, hydrography, depth of weathering, processes
of evolution, vegetation cover and the engineering properties of
soil strength.

The 'land unit' as used in this thesis, is an arca of a
high degree of homogeneity of attributes, vhich is to a great
extent an area of similar genesis, and which is recognizabie from
aerial photographs as having typicel features where ever they
occur throughout the region.- They include the swamps, beach
ridges, beach plains etc. This unit of classification is similar
to the 'land unit' described by Christian (1957) and used by
CSIRO (Christian 1964), the land facet of Beckett and Webster
(1965) and the 'Unit landforms' of Lueder (1959). It is identical
in morphological aspects with the 'Landfoms' of Savigear (1965).
It is the smallest unit of land that could be of interest to the
planner in this arca.

Most of the landfomms in thc coastal zone are identical in
shape, form and genesis, as such they are repeated in scattered
lccations throughout the coastal zone. Hence the term 'recurrent
lardscape pattern' is used to desoribe a repeated pattern of land -
units in the coastal zone. Such recurrent patterns include the
sandy-barrier fomations, the estuarine formations and the high

plains of the north.
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This term was first used in the M. E. X, E. cizgéifications by
Beckett and Webster (1965) and later by Brink et al (1966) to °
gdefine associations of repeated lend-facets and has been adopted
here to describe recurrent land units throughout the coastal zone,
It is also related closely to the land system unit of Classifica-
tion of Christian (1957).

The largest unit iz the 'land region' extending throughout
the coastal zone of South-Yestern Nigeria. The land ;egion
consists of land forms of related genesis, processes of evolution
and morphological characteristics, which are derived from marine
and fluvio-lagoonal processes and possess identical characteris-
tics of surface materials {Allen 1965) drainage net-work (Udo
1971) and Vegetation type (adejuwon 1970).

The units of classification described above are essenfially
suitable for scientific enquiry on land resource development,
because the hieraschical arrangement of the dandforms illustrates
their genetic relationship as well as their spatial distributional
pattern. The land classification mep in Fig, 6.2 illustrate fhese
attributes in detail, For land resource development, the classi-
fication took into consideration the following land attributes:
(1) the morphological properties, (ii) morbhogenesis, (iii)
character of superficial deposits and (iv) engineering properties
as the bases of differentiation. The scheme of classification
differs from others such as those of the CSIRO, (ChriStian 1957)

because of its incorporation of both the genetic and sediment
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properties in the list of atiributes used for differentiating the
units, and also from that of the MEXE, (Beckstt & Webster 1965),
because'of-thé incorporation of thé genetic asPects-of landforms
which seem unlmportant to the M.E.X.E, system. It is a combine-
tion of the gene‘tlc and 1andscape apnroach advocated by Mabbut

(1968) and the‘engineéring ¢lossificntion of the land used by

Clark (1973). The choice of definitive criteria for each land=

unit makes it not only recognizable anywhere hut nakes its

& 1 H 4
occurrence and those of its attributes predictable elsewhere.

‘Thus the aefinitive features of the funits' are fundamental and

can resist the forces of change over a relaéiveiy 1ongitime.

The ordering of the units illustratés the close relationship
between low order and higher order units, for éxaﬁﬁle the beach
ridges and the sandy—barrier formations where beach rldges are
delimited as reprosentlng a homogenous it in form, gen931s, and
tpotentiality'; and the sandy barrier formations which are land-
scapes made up of beach ridges, breached x-i&ges,A'and g:oe,sn.clah plains,
In essence, the low order, that is, the land unit éateéory is

variable in character, but unified as an entitj of a:recurrent

xlanﬂscape pattern. The recurrent laﬁdsc?p@ pattefﬁs, which are

mainly four in the coastal zone, include, the saﬂﬁy barriers, the
estuarine and swampy fozﬂmtions, the 1agoon complexes and the
high plaina, They constltute the 'land region 'charactor1stlc

of the Coastal Zone of oouth Western ngerla.
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The overall classification of the terrain in tﬁe coastal zone is
shown schematically in Fig. 6.1 below. Since the primary
objective of this work is to aid planning and the zoning of land
uses for Housing, road building, reclamation, Harbour dredging,
recreation and sand quarrying in Lagos, the data about eech of
the land units are given in Tables 6.1, 6.2, 6.3 and 6.4, while
the classification is translated into o map in Fig. 6.2 and the
Recurrent landscape patterns sre shown in block diagrams in

Figs. 6.3, 6,4, 6.5 and 6.6 respecciively.

6.3 GECMORPHOLOGICAL MAPPING

Although the land area in the coastal zone of Lagos has been
divided into basic units for land resource development as shown in
Fig. 6.2, the application of the date in the classificetion can
rarely be possible without their translation into maps. Although
the map in Fig 6.2 contains some details which are meant to guide
the planners vwho may be ill-equipped to understand the de'bailed
geomorphclogical characte:..n of the area, a separate geomorpholo=-
gical map on a scale 1:20,000 of the area containing more
information is compiled in Fig. 6.7.

The geomorphological map may be incomprehensible to non-—
specialists as it is noted above, it nay be useful to fall~back
upon the map to obtain detsiled information if for example, those

na
on the land classification[ﬁave been exhausted. -
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For exsmple, if more details are needed to differentiafe between
land units for the purposes of lond use zoning, the geonorpholo~
gioal map becomes the pictorial data~bank for planning. Apart
from the applied aspect, it affords & cartogrephic and scientific
understanding of the spatial relationship of phenocmena, such as
processes and form of Jandforms »nd distribution of superficial
materials over the terrain; the deteils of which cannot be easily
apprehended in the field. Hence gcomorphological mapping has
been the dominant approach to geomorphological surveys and
research in most developéd countries during the last two dceades
ags shown By the works of Gellert (1961) Tricart (1962),
Klimezewsiki (1963); Bakker (1963), Verstappen (1962) and Demek
(1963 and 1972).

Some similar mapping techniques which were partly geomor—
phological in character have alsc been developed in other parts
of the world. These include the morphological mapping techniques
of Savigear (1965) and landform mapping technigues of Doornkamp
(1969). Both +he morphological and landform mapping techniques
derive their criteria from the morpholégical properties of the )
land, but did not emphasise the form/process reletionship nor
indicate landform genesis. They ere nevertheless significant
contributions to nowledge in as much as they depict the form and
shape of the land especially the slope characteristics. These
approaches are mainly scientifically oriented and are restricted

to areas of salicnt relief features where the slope characteris-

tics are well showm,
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WITS OF IAND CLASSIFICATION

Table 6.3
LAYD R. L. P. LAED LOCATION LANDFRHM TRATHAGE  CHARACTER PROCES3ES VEGETATION 301L REMARIKS
REGION UIT MORPHOLOGY OF or COVER STRENGTH
SEDIMENT 3 EVOLUTION
Coastal Lagoon {(cla - h) Sond banks Oval shaped 3Subnerged Coarse grained Lagoon .
zone of Couplex Lagoon in the lagoons accumulation gands with deposition - - Consists of Coarse
Lagos. Lﬁl shoals and creeks forms in the adninixtures of sanda which may
lagoon., silt. be used for re-
Generally clamation.
submerged.
(c2a~J) Parts of Juiet Could be used as
Quiet the lagoon lagoon water recreation centres.
vater complex with relati-
and clear- vely broad - _ _ .
1y shown  sandy - -
in Fig.6.2 beaches.

Wt

C2c and

C2j are on
the Atlan~
tic Ocean,
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UNITS OF LAWD CLASSIFICATION

Table 6.4 _
LAND | R. L. P. ! LAYD LOCATION 2 LANDFORM ‘DR.«’LIHAGE l CEARACTER T PROCESIES VEGETATION ] SOIL REMARKS
REGION | UNIT MORPHOLOGY | i oF oF COVE! ! STRENGTH
! : 1 SEDIMENT 3 - EVOLUTION ‘
; 1 3 4 1 ) ] I :
Coastal l Sandy i'Dia' INorth of Aje- | East-west elon-i Flood  Poarse sand Wave/littoral|Thick bush. [Very stable. }Could be developed
zone of ! barrier Prior igunle and’ | gated ridges. | free th- ;’p‘f about 3)25- drift deposi- ' without reclamation
Lagos. | formations;barrieriSouth of Afa :Slope gradient , rough B.60. tion. or drainage for
ibeach iswamp. + varies bpetween | out the PMatrix of ifeathering : settlement Expansion, -
{ridges.| ' 3 40- g® - ! year. !’precipitated and soil for- ! )
! | t ibout 4m.above | Wron and si- mation pro- ]
; i l Sea level. : ‘;lica oxides, gesges, i
; Z' f | | !
; | ! H
P1DI B! {South of }East-west -, Generally Coarse sand : ! -
'Inner Porto Novo | elongated ! flood iof about ! |
ibarrierzc‘,reel{ and t beach ridges ; free. 2.50 - 3P. ' " w ;oo u
tridges. North of - ;’Gsadient 25w 5 i /
‘Badagry 14, Lbout 2m. ‘ | i
: iCreek. ! above sea ‘ l
} “ i level. i :
: ] ' : . i i
"Dic' South of - :FEagt-west Generally Coarse sand Wave depo-  [Imperata Stable.
!Outer .Badagry ‘ elongated ! flood with Mz of sition. Cylindrica
Ibarrier Creek and . - ridge with | {ree. - 36 - 3.6p. ; and Pars- g
;beach iNorth of . broad wave | ' palum. i
jridge [the Atlantic - beaten sandy | i
] tocean. i beach., | | i
i i i About 1.5m, i :
l | ‘gbove sea f i !
| E [level. i i
Ty y I1lado, 3 ! ot o - Very Coagpae | Vave deposi-!j Palnmg, Stable, "
| zoner BTO0 STl (Teen fre, | SN WA, | Fion, Vodtiny Inperata. |
'i-barrier ‘Lawani, b aa dg fa. ;floc') LT€. | 11z,  between | cring and €ylindrico.
‘Tgbosere (sand ridges Rapid infildyh ang 1,86 §30il form-
{ beach Height varies' tration of St : :
Yidges -and lbetween 3 and! !‘timn proce- |
: ‘Alagutan 1 iwater. ' | B5ES.,. '
| Bast of 113 i 4 metres, i I * I
iy lagoon §v ges ‘Gradient falls ' : .
i outlet ., - between 8° : ’ J(
: : "and 10°- y
L O e /
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 LOCATION

CHARNCTER

TAND "R. L, P, LAND LAYDIORH DRATNAGHE TROCES3ES VEGETATION 301IL REHMARKS
REGION UNIT MORTHOLOGY oF or COVER STRENGTH
SEDTHMENTS EVOLUTION
"Sandy  "(D28)  'Between 0jo ‘Very flat  “High level® Coarse sedi-'Wave deposi- " Inperata * Stable *Should be drainéd
barrier Beach and Okokona  terrain underground nent Mz.2.5ﬂ tion. Flatt- (Cylindrice and clavated befoo
formations Plain - iko villages water ~2,80. Deep ering by Palms, any form of cons- =
: during the weathering either wave "truction itokes
rains profile, floods or place,
gheet wagh
({p2B) " Maroko Very flat Floodable Coarse sedi- Legoon with- Inporata May be
Beach ‘ ' torrain, during the monts 1.7% - drawal, Ridge Cylindrica Compressible, " a
Plain raing, 2f. 3%%silty flattering
materizl, by floodw
watzrs,
D3. Inner barrier Isoloted Floodable, Coarse sand. Breaching of Mengrove ‘trecs Compressible, Could Hot be deve—
Isolated west of the Islands High level Consists of the Imner and grasses. loped in isolatim -
barrier outlet, Roundish in of under- of silt depo~ barrier by hence it should he.
Island shape and sround sits. tlhe Porto developed in ‘the
about 30cn. wvater, Novo and sane way as (D2b)
ahove sea ‘Badagry above,
level. Creecks.
-D.3a  Bast of Isolated Tlood free Coarse sand. Breached Palmg, Stable " i
Breached - Maroko, sandy nounds breach :
beach in the Beach ridges, 4
ridges. plain, 30cn., M
higher than
the plain, i
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They are hovever of secondary importsnce in lowlying areas as in
the Lagos area, where the landform charocter can best be illus-
trated from the characteristics of scdiment types, past and
present processes of morphology and strabigraphical successions.,
For the purpose of the geomorphologicel map in this thesis,
mapping techniques show both the 'extemmal', end 'internel' and
genctic properties of the land on the map.

Demek (1972) identifies thrcc types of geomorphological maps
and they include the besic geomorphological map, designed mainly
for scientific inquiry, the applicd geomorrological maps designed
mainly for practical applications and emphasizing certain relief
fectures and, the special geomorphological maps fOr use in other
specialist ficlds such as geology, geophysics and engincering.
There are also similar to those suggested by Vestappen (1968)
vhich include geomorphological maps, morpho~conservaticn maps and
hydro-morphological maps. The two maps in Figs. 6.2 and 6.7 in
this thesis compare with types one and two of the mapping systens
of‘Vestappen (1968) and Demk (1972). The land classification map
in Fig, 6.2 is essentially performing the functions of morpho-
conservation map except that slope closses and lithology are not
indicated. Thus enhancing the best uze to be made of each land
unit. The sccond map in Figs 6.7 is essegtially elucidating the
genesisy age, processcs, hydrogrophy; fomm and distribution of the
landforms in the coastal zone west of the Lagos Harbour up to the

western boundary of the area of study.
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This area is selected for mapping beceuse it comprises all
the units of classification shown in Fig, 6.2; ond the character
of each land unit depicted con be cxtrapolated on identical units
in the area unmapped, The map in Fig. 6.7 is compiled on a scale
of 1:20,000 as against that 1/40,000 used in Fig, 6.2 to show
greafer detrils. Furthermore, the 1mnd character is showm on a
larger scnle so that the association of attributes is readily
recggnised for effective classification into wnits in the elassi-
Ticotion map. For example the details about the land units in
the area west of the Logos harbour are clearly recognisable at
double the scale in the geombrphological map.

The legends used in the geomorphological map include those
of Verstappen (1968) and Demek (1972) for attributes of general
occurrence while some innovations were introduced in respect of
local forms ond special attributes shown such as lagoon shoals,
and grain size varintions, These are shown in the legends attached
to tho maps, Colouring was not used because facilities for
colour print are not available in Nigeria at the moment, and may
be difficult to obtain elscwherec.

This chapter =~ contained the apnhlied aspects of this work
and it hos so far classified the land into units for the purposes
of scientific inquiries and planning. It has shown the break down
in tabular and cartographic forms and it is hoped that planners in

Lagos area would use the opportunity ~fforded by the contents of
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this chapter in their planning programmes. The nei%”ﬁhhpter is
an exapination of the relevance of the contents of this thesis

to planning problems in the coastal zone of Lagos.



HAPTER SEVEN

L

THE CASE OF THE COASTAL ZONE OF LAGOS

GPOIORPHCLOGY AND PLANNTRG:

7.1 INTRODUCTION,

This chapter iz a deteiled eppraisal of the application of
geomorphological principles to the understonding of the problens
of the environment with regards to lend use planning in the
constal zone of Iogos. It begins with o broad ezamination cf the
principles of applied geonorphology in - . ~tion to planning
problems and in understanding th? cavircmiental problems through=
ot the world and assesses the contributions of this study to

—.

planning and understanding of the probiems land subsidonce,
beach erosion and flooding in the Coastnl zone of Lagos.
Furthemeore, it examines broadly, the cngineering charncter of
¢ *h lend unit with a view to guiding the planning programmes for
gettlenmont expansion and svggests co ~rvatien messures for the
problems already created in the notbled arcas as a result of the
mis-managenent of the land, e.g. lond subsidence, flooding and
beach ercsion. |
Geomorphology is an indisponsable discipline to aid physical
planning especially from the stondpoint of regiomel and urban

development in which land evaluztion becomes paramount. The

significance of pgecmorpiiology derives from iis concern with the



274

study of landform. evolution, spatizl organisation, internal

properties and general response to envirommental changes through

¥

tine. In essenee it is concormed with the study of the physical
character of the land on which verious land uses are planned and
executed. Thus any planning progromme without adequate consi-
deration for the charscter of the lend or its geomorphology nay
likely fail. It is in the recognition of this role of geomor- |
phology that Russel (1949) Bryan (1950) called for a geogra=-
phical geomorphology, where the knowledge of landform evolu'tion.
hitherto regarded as part of physical geology would be made
available to the geographer to make use of in landuse planning,
The growth of this idea led to the birth of what Vink

(1968) called 'Planologicel physical geography' and Dixey (1962)
deseribed as Applied Geomor%%élogy. In fact before this time the
Iﬁ%é‘inatlénaiGre“ogrﬁphléél Union h;dlcreated"a'sub"-commss:l.%n on
Applied Geonotphislogy to Study the possibilitied of kpplying ¥né

.......

phological stllly +57the “wnaderstanding of e "probiéhsTor hutian

e T O A Y L kY] R

efivironmént, " T 1
“ . ™ Bincethis devdlopment; geomorphological prindiplés Talé-
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The work of CSIRO in Australia, MEXE in Britain, the Directorate
of Overseas Surveys in Britein and scholars such as Klimazewslkd
(1963) Bakker (1963) Tricart (1962) and Olofin (1972), have
clearly illustrated the contributions that the application of
Geonorphologicnl investigations could mzke to land use planning.
The data collected from these surveys are used in land use plan=-
ning in varicus sreas. The surveys carried out by the CSIRO are
primarily uscd for data collection about cach lend unit ook
vhere sepcialized branches of the orgnniszation carry out detailed
analysig of possible land uses that can successfully be introduced
to such a terrain (Christian 1964).

From the above it is shown thet although the significance of
the application of geomorphological principles is recognised, it
has not been applied practicaliy to specific planning projects
' except in Russia.where the Féculty of Geography in Moscow Univer-
sity participated in the surveys for the Architectﬁral aspect of
the General plan for Moscow (Bakhtina and Smirnova 1968). IMuch of
the investigations and surveys carried out for land uses are
generally'done by specialized disciplines, such as Engineering for
Housing, road building and airfield comstruction surveys (Aitchison
and Grant 1968) and soil scienae for soil survey and soil produc-—
tivity; (Ignatyev 1968). All these spocialized disciplines make

use of limited relevant attributes of lend and neglect others,
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and hence the failure of most of their vwrojects, becsuse only
few aspects of the land arec token into considerstion,

(Currier 1952)., Most of the prolems of the environment such as
flood hazards, land subsidence y erosion are regarded as engineer-
ing problems and the solutions applicd to them arc not gencrally
a lasting one. It is thercforg nccessary to explore the possi;
bility of adopting applied geomerphological techniques in
environmental management. IY is pertincnt to conclude that
applicd geonorphology has not yat gained sufficient recognition
and with more publications about its effectivencss, its
principles would graduslly be adoptcd for specific plamning

projects and solution of envirommental problems.

7.2 THE SIGNIFICANCE OF THIS STUDY TO PHYSICAL
PLANNING PROBLEMS IN LAGOS

In the gxamination of the character of the three geomorphoe-
logical problems selected for this stu&y in the LagOS'arga, it
was demonstrated that all of them result from lack of foresight
in planmning, and land mismanagement.. It was also shown that iﬁ
the newly developed parts of Lagos Metropolitan area such as
Surulere and Iganmu, surface drainagé??lood constitute problems,
and this underlines the fact that the planners are yet to
recognize the significance of geonorphological principles in land

use planning in the coastal zone.
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This study therefore would be introduciﬁg 2 new aspect into
physicdl planning programmes in the Légos area.

This study elucidates the fundamentel geonorphological

" character of the coastal zore end demonstrotes the relotionship

between the lamdforms éni the contcnpor:ry'gcomorpholégicai
proécsses. For an example, ulong th» sea beeches; it ldentlfles
the dynanics of crosion, retion rnd the proolem of fiocds sas
vital f actors of chhnge in the foxn.01 the len d. Thg.elucidaticﬁ
of the Various factors at work in the evolutlon ‘of thﬂ coastal .
ndforms domonstrrueg to. wbobﬁc  is éoncérnea wth tﬁe planning‘
of the areca thot thc arca is hlrhly sensitive +0 changos, 2nd .

hence cognizance should be token of the factors at work and

coensidersticn given to the phySTC"l Cd9“ﬂCtOT1$thS of the

prograzme can be executed. : v : o - .. i
— In chapter three for exanple, it'Uns'dembnstrated,thnt'
nost of the problems of the constal zone espec ally_fhosé of
bonch drifting, flood hazawis lond subsidence derive fram.nter—
ference witﬁ the natural proccssés-ﬁt vork. For example,_tha:
undernourishament of the Victoria boae h was deseribed o8 sequal
to the temnoréry arrest of the 11ttor;1-irifL hehind the West
’
nole; ond the subsidence nnd coll-pse of hulldings was duc to‘the?
compaction ‘nnd meas shriankase of »2fill énﬁérials in recelained

arcas. The failure of the conso vntion Borsurss ;Dnlled to t“oun
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problens, especially beach drifting -8 ascribed to the non-
recognition of the basic geomorphological factors incolved
during the application of engineering solutions per se,

Furthermore, some areos shoim in the land classification
map in Fig., 6.2, especially in the logoon complexes can become
resort centres or recreation centres. Such arecas include the
Kureomo waters, Five Cowrie Creck, Lagos Logoon near the Univer~
sity of Lagos, the Porto Novo Creek ot Kirikiri and at Ojc
villeges and the Light House bench, 4t present only the Viectorig
beach, the Ikoyil park and Tarkwa Boy are used as recreation
centres, These areas arce shown on the map and can be developedr
as resorts with settlements built around them; For example |
settlements bullt east of the Victoria beach could make use of
both the Kuramo water and the Five Cowric Creek and those west
of Ajegunle could use Kirikiri and Ojo beaches while the waters
arcund the University of Lagos could be developed for the
inhabitants of Ebute Metta, Yaba and Surulere.

Construction werk in Lagos is of very gréat nmagnitude and
intensity fthot sonds uscd in mixing cement for construction work
are quarried from the beach ridges and even from the outer
barrier beach. This contributes inmmensely to the ioss of land
on the beaches and may induce beach erosion. The sands from the

lagoons are gquariied indiscriminately that most lagoon beaches
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are now being eroded, for example, the fore share of Gedegede and
Maroko. The land classification map indicates areas within the
lagoon with large deposits of sand, referred to as shoals and
some of them econ serve as sources of materials for construction
pUTpoSCSs,

This thesis also affords land planners the opportunity to
arrange lend uses according to their nced for land and other
location factors, so that industrial zones would not be juxta~
poscd with residential quarters as in apapa and Yaba., Also, if
the land units suggested for housing are used for the purpose,
the high land prices for land in Lagos may likely fall because the
cost of reclamation might not be included, Where the land has
been reclainmed, perticular jand uscs which could pay for the cost
of the lend nay bo sited there. Anart from all these, the availa-
bility of more land would r-duce congestion in the city of Lagos
and also in the metropolitan arces. The review of the problems
of flooding, land subsidence and beach drifting in Lagos in
chapter three does not only elucidate the significance of the
recognition of the geomorphological forces in the solution of the
problem, but also demonstrates the significance of an integrated
or a multidiseciplinary approach to terrain'problems.. It demons~
trates that although thq_@ggineer possesses the technology to

construct on the iand, the Architect to draw up designs for the
'z.

land, their projects may be unsuccessul without taking cognizance
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of the fundamental asnects of the land.character. While this
thesis is not saying that the Geomorphologist h-s got all answers
to landscape p}oblems, it is emphasising an integrated aporoach
to the study of the use of the terrain especially in the coas&al.
zone of Lagos. In the foregoing pages, the capabilities of the
land units in the way the Engineer would understand them are
explained and a 1ist of conservation measures is given in the
lost pages for the geomorphologicol problems in the Coastal zone
in general,

In Table 7.t beclow a genersl pattern of the character of
the land which may be of intcrest to the Engincers is showm; and
for detailed appraisal of the characteristics, Table 6,1 would be
of immense use. However, Table 7.1 shows two distinct areas: one
which nceds reclamation and effoetive drainage ard the other which
does not need these before the development of the resources for
land use. Thus for the Civil Engincer, the deta available above
nay likely guide the determinntion of the depth of foundatioms,
the structure and height of buildings in the areas with more
stable soils. But in the less sicble areas such as the estuarine
formations and swamps, the data in Table 7,1, give an insight
into their character and therefore would form a basis for the
type of reclamation, the type of matorisls to be used, the

direction of drainage channels and the depth of foundations necded
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in the reclaimed area before any construction work ean tzke place
on them,

Apart from these, there are sources of materials for con—
struction purposes, road sﬁrfacing and refilling of depressions
such as sands and 'laterite' (ferruginised sands). Sand is used
in building and other construction work in Lagos as a mixture of
cement to develop concrcte, as well as in road surfacing and in the
reclamation of swamps. These sands are quarried from the beds of
the lagoons and, the beach ridges of the Inner and OQuter barriers
at Maroko and Alagutan villages. Mozt of the sands from the
lagoons are quarried near the shore, for example at Maroko; thus
deepening the near-shore areas of the lagoon beaches, and includes
rapld erosion when the lagoon waves de?elop in this areas. Also,
the quarrying of sand from the sendy berriers would provoke & loss
of land which could have been used for settlement eXpansion and
that of the ocuter barrier may develop into a breach of the Viétoria
beach by the sea and cause disastrous floods. In order to avoid
these problems, it is possible to explore the use of the sands frém
the Lagoon shoals which are found in particulsr locations in the
lagoons, and which constitute dangers to navigation especially the
Bruce, Bruges and Commander shoals. By quarrying sands from
shoals, the dangers of siltation would be reduced in the lagoons
and the land on the barrier formations would be conserved, Thus

the shoals could be a source of material for consStruction work.
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The ridges on the highplains especially at Ojota, Ogudu
Orisigun, Mushin and Isolo are potential sources of ferruginised
sands which are used for reclamation and road surfacing in Lagos.
Although these sands are reweathered and therefoge‘ghrink, they
are preferable to using silt or clay soils in rozlaiming‘gwamps:
In fact, if reconnaissance surveys of swamps are Garried out
before filling them with sands, the occurrence of shrinkage may
likely be reduced.

From the. analysis of the thiee geomorphological problems.in
chapter three, sonme guidelings for the engineering aspects of the
solution of the problems have been given. The first is on land
subsidence which derives fron the veathering, shrinkage of refill
materials in arecas formerly reclaimed under static loading of
houses, Second, the coastal zone of Lagos consists of sedimentary
deposits which are characterised by alternating beds of sand and
silt/clay deposits, and as such this property should be borne in
mind when sinking foundations.

The problem of flood has been found not only to be climatic
but also a function of the loose nature of the sediments, proxi-
mity to the ocean and the occurrence of numerous lagoons, creeks
and rivers, and the low relief which combinc to influenee both
the surface and underground drainage. For this reason flooding

is not seasonal, it is only aggrovated by the rains.
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Beach erosion is identified as a phenomenon which is world wi&e,
but the peculiar character of that of the Victoria beach at the
lee of the stone moles which reduced the littoral drift from the
west and induced the development of a variety of currents at the
Lagoon outlet and along the stone moles, as well as the develop~
ment of another west to cast sand drift on the beach mekes it of
both geomorphological and Engineering interest. Also the coarser
nature of refill sands used in replenishing the beach tends to
neke it more vulnerable to erosion.

The Towm and land-use planners and Architects too can
benefit from the work in this thesis, because the land has been
divided up for them on the bagis of the dominant attributes for
settlement expansion. From the scale of the land classification
it is fossible for thom to estimate the alignment of streets, the
spacing of buildings and the type of structures to be erccted on
them. This cnables them to plan ahead for the groving population
as well as the need of land for other landuses such as industrial
estates ete. The examination of the problems of land subsidence,
fleoding amd beach drifting exposcs the planner to the unknown
aspects of the problems especially the geomorphological aspects and
elucidates the relationship beiween geomorphological forces and
land character in the coastal zone. Thus apart from constituting
guidelines for future tand use plarming progrommes, the anslysis

of the problems suggests the techniques of reducing their recurrence,
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This may guide the total replanning programme envisaged for
Central Lagos in the nearest future. This thesis in general elu-
cidates the relationship between gcomorphelogy and urbén physicél
planning in the Cozstal zone of Lagos and exemined certain areas
of common Interest between geomorphologists and the Civil
Engineers, the Town Planners, land use planners and the architects
in executing land development programmes in general and in the
Coastal zone of Lagos. From the point of view of geomorphological
principles, some of the problems examined in cpap’cer three can be
reduced if some conservetion measurecs are taken, hence the next
paragraph lists a number of conservation measures which can help

in reducing the problens.

7.3 THE ENGINEERING ASPECTS OF LAND CLASSIFICATION

The Engineer is mainly interested in the locestion of a
perticular land wnit on the landscape and its characteristics such
as the grain size range, the degree of compressibility, the relief
and the drainsge characteristics and the suitability of the soils
for use as materials for construction {Dowling 1968). These
charscteristics featured prominently in the factors used in the
classification of the terrain for transport routes {Brink and
Villiams 1964) and for Military Engineering (Becket and Webster
1962},
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Por the purposcs of seitlement expansion, the Engineer may |
be intercsted mainly in the location and configuration of land
units, the character of each unit such as the grain size range’
of sici: enis, the percentege fimer than +50, the.drainagé
characteristics, and the 'strengthf of the soil, The latter
factor can be detemmined by a complex mathenatical calculation
which this thesis has not attempted to do but this characteristic
could be-infered from theé fabric of scdiments and their over all
bedding patterns. 43 for the loc-tion and configuration of land
units in the Coastal zone, the map in Fig. 6,7 illustrates these
characteris%ics; while the eharecteristics of each recurrent
landscape pattern which is of intcrest o the Civil Engineer

are listed below in Table 7.1,
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TABLE 7.1

RECURRENT

LANDSCAPE PATTERNS

Recurrent Land-| Groin Size Range| % Fimer N Soil
scape Pattern of sands than 5¢ | Dreinage Strength
High Plains -2 - .58 106 Well Compact and
drained resistant
Sandy barrier 88 - 3.60 High rate |Loose hbut
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of Permea-| resistant

bility.
Level of
Undergrourd
woter is
high.
Estuarine 136 - 2.2¢ 708 Svampy and|Compressible
formation flooded Cracls when
dry
Lagoons and Oﬁ - Sﬁ 305 Submerged |Loose sands
Marginal Swamp by wvater [end Resis—
tant.
Conpressible

7.4  SUGGESTED CONSERVATICON MEASURES FOR THE GEOMORPHOLOGICAL
PROBLEMS :

1. LAND SUBSIDEKCE

The principal causes of land subsidence in this area so far
identified are (i) drying out and shrinkage of superficial deposits
especially in reclaimed swamps and (ii) 'statie: loading' of
reclaimed areas with heavy building structures. There may be other

causes such as the general down varping of the basement rock in the
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South-iestern Nigeria 1land region honce it is necessary that an
integrated approach to the problems of lend reclamation in the
coastal zone iz adopted. Specialists from the fields of geophysics,
hydrelogy, geomorphology and engincering can conduct a joint
study of the problem. As a geomorphological panhacea to this
problen in the coasztal zone, the following conservation measures
are suggested.
(i) The moisture and clay contents of refill materials should
be reduced because nost of the swamps are slready flooded with
water and composed of materials with over 70% of silt and clay
content. Thus an addition of t he two materials during reclamation
may increase the size of compressidle materials in the reclaimed
area and hence its probability to subside.
(ii) Reclaimed land should be left to solidify for ot least five
years before its development for vorious land uses; while founda-
tions should be deeper in reclaimed arcas than elsewhere. Sinee
the cost of reclamation and deep foundation would be very high for
an individual, it is necessary thet only land uses that could pay
for effective operation of these processes should be allocated
to such areas. For example a land user such as an industry could
be allocated to such arcas as it is practised a2t Igonmu arca at
present. The land classification nmep would aid this type of land

use zoning.
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(i1i) The moteriais used in reclamation should consist of oflco
coarsc sands frou the légoon floor cspecially the lzgoon shosis
or the ferruginised sends from the high plains in the north
becouss of their relative resistance to shrinkege., The us2 of
refusc end human waste should be discenbinued gince nest of ©ieas
deconwose and shrinl.
(iv) Pians for private and residential b dings should not o
approved for sitcs on swartp lands which have not been certifich
ready for construction.
(v) The rccurrent landscapz patterns compricing the sandy
barrier formations and the high plains are readily avsilable Jox
development without any form of reclamation: Apart from all these,
it iz possible for the refill roterials ip reclaimed aresas o

shrink as a result of the natural processes of diagensselis,

area be built all over the resliimed arcas.
FO0D _HAZARDS

Although the problems of flooding and drainage Zn the Trgoro
ares have becn ascribed in cheplor three to the geomorphological
factors such as poor surface enml subsurfece drainage, rolic’,
ciimate and the lagoon envircnp?nt, the examination of the
charncteristics of the problems sugsest that most of the flozd
ridden arcas described in that cilapter have cmerged as a recult

of human nismanagement.,
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Therefore the conservation measures sugpested below would concen-
trate on efforts that would assist a better and effective manage-
rent of the land. The 1lend clessification map in Fig, 6.2 has
grouped the lands into a hierachy and has shown their potentia-
lities. Thus areas of high flood potentiality such as the
Estuarine formations and the Mangrove swamps-have been showm on
the map and their extent is readily recognisable. Thus in deve-
loping this group of landforms they should be reclaimed in a way
that they are raised above the level of water and made to dip
tovards the lagoons, so that the inoidence of lagoon water flow-
ing into drains and arresting the flow of water as it occurs in
HMoloney Street Lagos and Ijors moy be reduced.

In the planning of streets and roads, the alignments should
be mode in a way that they are not ageinst the slope of the lend.
Where the gradient of the lmmd is very low, drains should be
terraced et intervals to enhance the repid flow of water.
Drainage channels should not be orientated towards a blindwend
as in Animasaun Street in Surulere or in Iganmu arca. They
should be led into the lagoons and properly cleared 8f refuse and
sediment deposits to enhance rapid flow.

BEACH ERGSION

The problem of crosion on the beaches has been deseribed in

chapter three as resulting from a combinntion of the impact of

human interference cn the beach and the natural processes occuring
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at the leec of longshere drift across a lagoon outlet while the
effect of world wide erosion of beaches ascribed to sea level rise
(Brunn 1962) cemnot be ruled out. The erection of the three stome
moles at the entrance of the Lagos harbour hss been found to
reduce the transport of sediments from west to east across the
lagoon outlet. Thus the undermourishment of the Victoria beach
calls for gand replenishment which haos been introduced but has not
reduced the incidence of erosion. Further investigation shouws
that another litteral drift develops from the Victoria beach and
nourishes beaches eastwards as a continuation of the naturzl
processes of sand drift characteristic of the Atlantic coast of
the Gulf of Guinea. Thus, the sands used for replenishment might
be indirectly transported as the 'new' litteral drift for beach
nourishment east of Victoria beach. A4pert from this, the lagoon
sands used in Beach nourishment consist of about 320 of gilt and
fine materisls which drift to the offshore areas instead of
remaining on the beach, while tﬁe lagoon sands and the ?ictoria
beach sands are coarser than the usual drift sands fraﬁ the Light
House beach (see Table 5.1), The differdhces in grain sizes
between the nitural litteral drift sands (2.5 -~ 3'64) and the
Victoria beach sands (1]25 - 1.I8£5) is a factor in the rapid
¢rosion of the beach materials.

The wave‘proce;ses also account for the erosion in a& much

as the offshore areas are very deep and the heqvy syales are¢ not
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refracted, the beach materials become vulnerzble under the force
of these waves. These characteristics call for the following con-
servation measures.
(1)  Replenishment of the Vietoria beach with sands from the
Light House beach. 7This would enhance homogeneity of size and
hence more compact packiné and resistance fto erosion, vhile the
problen of the sands accumulating on the Light House beach by
passing the west mole and silting the Lagos ﬁarbour, nay be reduced,
(ii) To retain the sands on the Victoria beach, efforts should be
made to construct a bresk watpr in the offshore areas of the besachs
This would refract waves of high amplitude and hence reduce the
rate of removal of sands, andAbehind the breakwater a sand bar
would develop that would form the source of supply of sediments
for litteral drift. It is enviseged that a quiet water would
cxist between the break water snd the beach which could forn a
recreztion centre. By these processes, a balance would be maine
tained between all forces - the threat of erosion to the Victoria
beach, the siltation of the Laéosﬁﬁarbour channel and the esta-
blishment of a recreation zone Qn.the beach and the continuation
of beach nourishment cast of the Vietoria beach would he satisfied,
The ground plan of such a break-water is showm below in Pig, 7.1.

This chapter has so far tried to illustrate the relation-
ship between physical plamning and geomorphology and from the

case study of the Coastal zone of lagos, described above it is
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obvious that geomorphology is en indispensable aspect of plamming
for environmental management. Although this thesis has not con—
sidered all the geomorphological problems existing in the area,
the ones chosen have illustrated how the techniques of geonor-
phology cam be ¢ loyed to aid planning programmes. It is
envisaged that in the nearest future, the relationship bebween
Planning and Geomorphology would be recognized and made use of,
for the benefit of the inhabitants of the area.

The thesis has been written in two parts, and its deriva-~
tions are summed up in two parts as well. This is to illustrate
the dual adventage of an applied study, where theoretical and

applied discoveries are made,
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CONCLUSION

The coastal zone of Lagos hed witnessed four phases of sea

transgressions and regressions since the Quaternary, during which

~ the sea had retreated gradually in a shouthward diredtion all

over the coastal environment. Tﬁe chaﬁges in the sea-level wore
probably not unconnected with the world-wide fall in sea level,
attributed to glacio-eustatise in Burope and America. The sea-
level fluctuations were marked by the evolution of specifie 1and-
forms, e.g. the marginal surface of Tkeja Plains, sandy~-barrier
formations, and lagoon depressions. The marginal surface of
Ikeja Plains in the north were largely moulded from fluvial
deposits during periods of regression, and the sandy-barrier
formations built fram ma&ine deposits during periocds éf régres-
sion as well, while the lagoons and creeks were subse&ﬁent to khe
evolution of the sandy-barrier formztions.

Altogether four phases of sea-level fluctuations have been
identified in the arca as attested to by the existence of three
roughly parallel sandy-barrier formations which marked periods of
Sea regressions, and the lagoon depressions that separated the
barrier formations most probably, represented portions of seae
water impounded during the regressions. This is further illus-

trated by the succession of Sand; 'mud', or clayey strata in the
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profiles cut through the Quaternory deposits, (Mobil 041 1960),
where sandy deposits reprcsented periods of regression; and the
'mud' or clay, periods of sea transgressions. The sondy-barrier
formation hypothesis suggests thot the Marginal surface of Ikeja
Plains,; ond the three Successive barrier formations were built

during periods of low-gea-level, vhile similarly the Iganmu = .

" Afa depression, the Lagos lagoon, Badagry, Porto Novo, Five Cowrie

and Xuramo crecks were.remnants of impoupded sea water after
transgressions, If this trend continues, under normal conditions,
it is oxpected that another sandy-barricr would be built in the
present off-shore areas, or if the reverse is the case, the
present outer barrier may be obliterated by sea~crosion,

The present is a period of relative transgression on this
coast as shown by the increased rates of erosion, and in the
other parts of the world as recorded in the worRs of Bloom and
Stuiver (1963), Scholl and 'Stuiver (1965), Shepard and Curray,,
(1966), and Jelgersma (1966); aﬁ well as the genersl reports of
increased shore erosion throughout the world. The present rate
of the eustatic risc of scas~level has boen put at onc metre per
onc thousand years (Scholl and Stuivor 1965) (Jelgorgma 1966),
This height was caleulated from deted shells and scodiments from
old bocach ridges, and from tidal rccords. Unfortunately there is

no facility for dating in this country and the tidal geuge is
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kept in the Lagos lagoon away from the open sea, so that measure-
ments df actual sca-level oscillations are not available, It is
nmost likely that the present transgressive phase has reached its
maXimum; as submerged *hars! are found in the offshore areas of
the Iight House beach, and it is most likely that similar featuros
might be found somefhere east of the Vietoria beach, where beach:
erosion is minimal.

The relative ages of the sandy-barrier formations.couid be
tentatively outlined by rccognising the succession of sandye
barricr formations in a north-south direction. It follows tﬁgt
the older barriers are found in the northern part of the arca,
beconing nore recent towerds the south, gince their evolution
followed the retreat of the sea. Conscquently the oldest land~
forms arc those of the High Plains of the north, followed by the
Prior, Inncr and Outer barricrs in that order.

The study revealed that the climate in this area fluctuated
variously between the Quaternary and the present, and this has
probably taken the form of elternating ﬁet and dry phases, not too
different from those of the present. This was deduced from the
occurrcnce of beds of laterites in the Coastal Plain sands to the
north, and concretions, like silicretes, senderetes, stained red
grains, and very deep wegthering profiles in some of the Holocene

deposits. It is believe that the precipitation of minerals into
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oxides itakes place under humid conditions, while the indurntion
and ferrugunization takes place under reletively dry conditions.
It follows therefore, that the beds of concretions and
"cuirrasse" were precipitated under humid conditions and'agfe-
g;ted under dry conditions. Also, the sea level change hypothesis
supports the ides of climatic fluctuation, since 10ﬁerrsea level
or rcgroeasion and high.sea'level or transgression have been
respectively correllated with both interpluvials and pluvials in
Africa, (Davies 1964) and glacial and interglacial in Burope
(Tricﬁrt 1961). Conseguently, thc periods of regression and
traonsgression already documented along this coast, would most
probably correspond with periods of fluctuations of dry and wct
climates in the area.

However, the establishment of a more reliable and exact
sequéhce of climatic fluctuations has cluded this study because
the sedinent types, especially those of laterites are not avaeil-
able in’ their stratigraphical sequence so as to illustrate their
succession, and neither was any geochenical method used to
identify the fauna and flora within the deposits, to know whether
they were living under sarid or humid conditicns. However, it is
estimnated thnt the present seemed to be a wet phase, wkth high
temperatures and a large amount of rrinfall. It is most likely

that the wet phase has reached its ¢limgx, as there are 1onéer
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periods of drought in a ycar for the past seventy years in the
coastal zone and increase in the percentage of concretions within
the ;ecenf sediments, so that the probability that a dry phase is
near, may be relatively high.

The evolutionary history of the lendforms in the coastal
zone cannot as shown above be divorced from the consequences of
 the sea-level fluctuations characteristic of the period since the
Quaternary. Thus the major process of evolution was sediment
accumilation from terrestial sources during the regressions and
narine sources during trensgression. The evolution of the Ogun-
Majidun Flood Plain, as well as that of Afa stream, was sequel to
the invasion of their lower courses by a itransgressive sea, which
widened them into broad embayments; and which were later sedimentod
from fluvial deposits during subsequent regressions.

From the study of the orientation of sandy-barrier formations
and associated beach ri“zes; it was revealed that as‘Runcorn
(1969) asserted, the direction of the southwest wind has been
constant glong the coast since at lea~’ the Quaternary: It
follows that, since ihe sandy-berrier formations have been o;ien—
tated in a west to north-east direction, the south-west wind,
which influences the dircetion of the waves and littoral drift
that noulded the landforms has been constant in the south;western

direction since st least the evolution of the 'Prior' barrier.
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It is most likely that if the direction of the wind remains
constant, future sandy-barrier fomations are likely to be
orientated in a west to north—eaét direction as well,

Although the direction of ﬁhe irind has been constant, the
energy of therwaves‘and conseguently the rate of supply of sedi-
nents have been fluctuating. This is exemplifiéd by the variation
in the height and breadth of beach ridges and.barriers.

The study of superficial deposits forms another major aspect
of this thesis, The overall analysis of grain size distribution
of sediments revealed that over seventy per cent of the sediments
are quarts, twenty per cent organic materials and alluvium and
precipitated iron and alumina, eight per cent calcareéus materigls
and two per cent accessory minerals, The preponderance of quartsz,
suggests that most of the unstable minerals like mica, and
feldspar have been weathéred, leaving the relatively stable ones,
Further examination about the peirology of the sediments-suggest
that most of them originated from the sedimentary rocks and the
basement complex which outcrop in the immediate hinterland of the
area of study and other parts of the Guines cocast. Such rocks
include the Amphibelites of Dahomey, the Pegumatities and
Migmatiteas of Abeokuta, and the Teftiary sediments of south-

western Nigeria and Dahomey. Although most of the beach sedi-

ments were derived from the sea bed, their identical minersology with
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those of the hinterland; suggests that they wore lari derived
scdimonts formerly depositcd into the sea when the lovel vas
lower, probubly a rogressive phase, and perhaps during the late
Tertiary period. This is atteésted %o by the fact that tho
conyons of some of the doastal rivers hove been found deep in the
continental shelf (illén 1965) while most of the rivers had.
ontrenched-valleys through which they flowed vhen the sca level
was lower. 4s the sea lovel rose, waves staried to drift fhe
sediments shorewards and bwild them up into sandy barriers.

" On the basis of the hypothesis above, the origin of sedi-
ments in- the coastal zone has been found to he terresirial fon
the immediate hinterland, and the media of transport wars tho
coastel rivers, vhile the waveg and longshore drifis wira subsc=
quent distributing agents. It was also estabiished that uost of
the sediments from the land at prosent are deposilced info the
lover rcaches of the rivers and in tho lagoons, and thenz aro
responsible for the rapid shoaling up of the lasoons azd {he lrak
of supply of fresh san&stinto the seaj as the fi'v -ing logosas
prevent a direct contact betweon the rivers and the sea.

Experiments i;Ln' the field show thet a west—cast 1ithoral
drift is inifiatediet the Victoria beash to eccmponsate for the

“

original one from the west which ha been fenta’iv lw halted ny

the west mole, and to nourish the beachos eng% of Mo ' 2%~+in

beBChg
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The cxisteno® of this procoss helps partially to oxplain the
instability of the Vietoria beach sands boeause, the materdials
which would have formed part of the beach are transported away,
thus increasing its under-nour1shment which is due lorgely to the
stoppege of the west-east littoral drift on the Light House beach..
It follows thnt unless a conétant supply of sands, probably double
the amount being croded, is supplicd to the Victoria beach, the
erosion would femain permanent as the natural processes would
continue,

The sedimenfs in the coastal zonc =re found to be coarse in
texture as over eighty per cent is coarser than +4é vhich ig the
lower limit of the coarse sand of the ASTM (1969). The coarse
texture of the sediments illustrates the 'recent! time of depogi=
tion end the stebility of the minerpls making up the sediments in
that intensive commumition has not taken place in them, despite
the intensity of chemicsl weathering cherscteristic of the ares.

Sediments in areas west of the Lagoon outlet which have
been transported by littoral drift, ond the strongest waves from
the western part of the Guinea cosstlands are finer (mean diameter
2.56) thon those cast of Victoria beach, with a mean dismeter of
1.5¢ which were not transported over long distances by the
littoral drift and as such the wave impact on them is less.

The study further revealed that subsurface -drainage is a

function of the grain size, sorting texture and structure of
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sediments. On the beach ridges, whore sediments are coarse and
loose and are well sorted, capillary action of wafer is enhanced
while fiooding_and surface flow rarely occur, but in the depres-—

sions and mud flats where sediments are fine, cohesive and poorly

. sorted, the grain voids are sealed up by either cements and/or

fine materials, so that flood occurs on them even in the dry
season when the level of underground water should be low. The
generally loose nature of the sediments promotes subsurface sop-
page of watcer from the sea to the land and vice~wversa during the
tidal cycle so that the level of stagnant pools rises and fall
with the tides.

The other aspect of the study coneerns the application of
geomorphological techniques to the study of land resource develop-
ment in the Lagos coastal zone. It was revealed +that
there is a close relationship between the problems of beach'
ercsion, flood hazards and land-subsidence and the geomorpholo=-
giecal character of the coastal zone in general. It was demons-
trated in chapter three for example, that the high ineidence
of Plooding in the constal zone derives from a combination of the
high level of underground water, the surface flow of water by the
way of the tides and the underground seepage of sea water on one
part and the heavy rzainfall associated with the humid tropical

climate of the area on the other.
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Furthermore the occurrence of 1nten31ve land 1oss to the sea on
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the Vlctorla beach and the contrastlng galn of 1and on the Light

£

House beach result from the 1nterrupt10n of the westeeast
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littoral drift behlnd the West mole on_the nght House beach, and
the subsequent upderlnourlopment_of the V;ctor%a beach as well as
the development of ah 633§~W%3f littorzl drift on this beach.
It‘follows-therefore, that in uogersrandingt@elcharfcter'of the
land.in general and in pgrticular in this coaotol zone;_é detailed

Inowledge "of the geororphology must bo obtained. .

It was discovered in chapter three that most of the geomor-

i

phelogical problems becamc aggravated by human mlsmanagement due
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to man 5 poor knowledge of thc geomorphology of

u

the area., A oase
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in questlon is that of land sub31dence Whlch results mainly from
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the shrlnkage of ref111 matorlals after reclamatlon.
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It was foynd that teohnlques of land reclamatlon in Lagos
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apart frcm belng sub—stundard do not take cognlzancc of the
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dlstrlbutlon of sedlment f brics, tho amount of s01] m01sture,
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and the high 1nten31ty of weather:mU characteristlc of thls
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reglon. Hence, the use of reflll materlals such as moist silt
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and clay and house~hold refuse in reclame tlon 1n the ecity is not
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rocommended._ ThlS thesis therefore establlshes that so far in

Yo . e LI T N ] CRPESIE S B o

Lagos area, land reuource developmcnt programnes have been executed

Ll

without initial geomorphologlcal surveys to identify the oharaﬂter




304
of each land unit and to develop them and allocate land uses to
then according to their capability.

Apart fraﬁ problem identification, this thésis adopts
particular techniques for land resource development in general and
in this area in particular. These arc the fechniques of geomor-
phological mapping and land classification. With these technigues
the details about the external and internal properties of the land
in the coastal zone were exhumed and presented in a cartographical
form in Fig. 6.7 while the coastal zone was classified into units,
based on identical attributes derived from the geomorphological
character of the coastal zone. These units were categorized into
three hierachies and wers shown in Figs. 6.3, 6.4, 6.5, 6.6 in
block diagrams and in tabular form in Tables 6.1, 6.2, 6.3 and
6.4 respectively. Thus the coastal zone consists of four recurrent
landséape patterns, each group contains a number of land units
which are differentisted on the basis of some selected criteria.
The' character of each land unit can be deciphered quickly in the
maps and tables, so that it'can be used in planning for settlement
expansion, and other spatial development programmes.

From the system of land classification, it is noted thet the
swamps and estuarine formations are nost liable to flooding
because they consist more of clay and silt than sand, Thus they

renain the most compressible part in the coastal zone,

o
sl
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However; the sandy-barrier formmations and the High Plains consti-
tute the most suitable land for development purposes.

The uge of these techniques helns in'understandipg the
character of eqcﬁ 1and unit and this understanding should aid the
rational allocation of land usc types to areas of suitablé or
cormensurate capnbility. The map itself helps in the identifica-
tion of tne spatial distribution of the land units and could help
in the planning of the direction of settlement exPansign and the
zoning of land-use types. In essence therefore, this aspect of
geomorphological analysis becomes relevant to the needs of an
urban planner,

Although the recommendations of the applied aspect of this
thesis have not been utilized, nor has any of its tjpe been made
use of in this arca, the entire work calls for a review of the
planning procedure in Lagos arca and in the country in general.
The land classification map demonstrates the uniqueneas of the
Tand units over space and thus calls for a thorough investigation
of the lemd to unearth this character before the development of
its resources for human use, FPurthermore, the use of this
technique in evalusting the capability of the land for settle-
ment expansion is only one aspect of applied geomorphology. The
same techniques with a slight change in the choice of criteria

can be used in the evalustion of the land for regional planning,

agricultural productivity and recreation etc.
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It is thus being emphasized here that the close link that exists
between the character of the land and its geomorpholozical history,
should be used to advantage in the understanding of the nature of
the land, befare its deveIomment, Henee a geomorphological survey
becomes indispensable in order to achieve this.

In the course of this study, technigques and facilities from
other disciplines such as Chemistry, Civil Engineering, Geology
and Botany were used in the analysis of the data, while the
deri’rvatlions from ﬁ;e:thesis oould concern the work of the architeet,
the Town planner, land Economist and the Civil Enginecer in
particular. It follows thot the question of land resource develop~-
ment to be complete and rational should be multidiseiplinary, 50
that each specialist would emplo& his own skills in the exercise.
Ip the Lagos coastal zone therefore, it is necessary that this
Joint research project be inaugurated since nearly every specias
list has a steake in the land. The role of geomorphology here is
to present a lend data bank in ;artographical and written form .to
guide the‘prOSPective Iand users,

Since the users were not javolved in the collection of data,
it is important that the geomorphologist ié consulted when his
data are to be made use of. 1% 1s this form of integrated

approach to land resource development that this thesis sdvocates.
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On the whole apnlied geomorphological study has been showm

to'be a more comprchensive and utilitnrian techniéue of landform
study required to aid land resource management. I; ifs combina-
tion of theoretical analysis of landform evolution with the
examination of the distributional pattern of landform attributes
and the classification of the land into units of similar
attributes, a great deal has been achieved as shown in the first
two chapters of this thesis, while the examination of the land
deterioration problems,lunderlines the relationsﬂip be tween
geonorphologicql forces and the lend problems. Also, the classi=-
fication of the land into units and the provision of the data
benk in map form complete the utilitarian gignificance of the
Subject. Apart from this it makes thé subject more geographical
and more relevant to the needs of man. The multiple achievements
through this technique makes it on indispensable method of
environmental study,

This study reveals other research frontiers which include
sedimentation characteristics in the Lagos Harbour, the hydrology
of the coastal zone and the evaluation of the land units in the
area of study. The study of sedimentation characteristics in the
Harbour will help the understanding of the causes of siltation in
the Harbour and methods of arresting it: Similarly, the under-

standing of the hydrology of the coastal zone will enhance the
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prediction of flood characteristies and produce suggestions for
Solving thenm,

During the course of this study, Some difficulties were
encountered which are worth enumerating with »n view to guiding
future siudies of this type in the areca. The first is the
miltidisciplinary character of the study vhich required that one
had to shuttle between the €eology, Chemistry, Air survey, and
Engineering departments in Ibadan and Logos. One had to gb to
Ibadan for example for sediment ancslysis, and the separation of
heavy minerals was carried out with the help of the Chemistry
department; while the analysis of Acrial photographs was carried
out in the Air survey division of the Department of Surveys
Ministry of Works and s0il testing was carried out.in the
Engineering Department of the University of Lagos. Thisgwesetime
conguming and imdeed energy sapping, hence efforts should be geared
tovards equipping Departments enough to cope with these diffioule
ties. Secondly the difficult terrain found in Lagos arca involv-
ing the lagooms and creeks and mqrsheé a3 well as poor transport
facilities on them, limited the arca covered in this study to
readily accessible areas and also reduced the sampling sites to
those areas accessible to the field worker. Hence it would be
advisable thot engine-powered boats be made available for future
studies involving thelagos coastat zone to reduce accessibility

problems. Furthermore sample corers should be provided for
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depariment depth samﬁles especinlly when it is neceasary to
understond the succession of the strntn of the sediments. T
It would nlso be ndvisable that Componies who possess valuable
infom~tion about o particular area, for exmmple depth samples
or sections of soils, should make them available on request for
scientific purposes, becouse apart from Mobil 0il Nigeria o
Limited, noocther compony wns pr9p§red to offer any nssistnnce
for this work on the charncter of the depth scmples they

possess.,



ST!LTISTICAL FORMULAE UJED IN TEZ CAICULATION OF THE GRAIN-3IZE

- 3&.0',";

ATPENDIX T

Pt =

I1.

Ii1,

Iv.

H.B.

CHARACTERISTICS,

(From McCammon 1962)

- MEAK, #16 4 grotses
3

STANDARD DEVIATION f84 - 16 = .095 - 85
OR .
SORTING COEFFICIENT & - _6'6 .
SKETESS O UB16 + fB1 — 2050 @5 495 - 2050
2(g8a - f16) + 2(f95 ~ 95)
KURTOSIS go5 - g5 |

2.44 (075 - £25) | | .

}é = -10g2 of the diemeter in millimeters.
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APPENDIX 11

FLOY DIAGRAM FOR THS SHPARATION OF HEAVY HINERALS

e e —

Bulk of Sample

Lo

Key Seample !

Sample

i Q,uar'p er

' !
Wealk acid digest HCL 1:4
Eecantation & drying

Sieve with 3638.3

236 +36
/ .
Welgh Exenined for siliceous organisms
100 gras ' ' : '

~36

Bromofora Benzol

L—-’ 5.0, 2.69

Separate
F]!oat Sink, Calcareous oranisms and heavy
| : ' ' .. minerals’
Siliceous - Pure Bromoforn 3.G. 2.90.
organisus . ¥ gy ‘
& - ! W
Quartz _ Flagat Sink
Calcareous organism = Heavies
Minerals with $.G. 2.69 3.G. 2,90
and .2.90 '

After Milrer (1961)
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APPENDIX IIT .

" COMPUTER PROGRAM USED IN CALCULATING THE MOMENT MEASURES OF

L -

THE SEDIMENT

PROGRAM TO CALCULATE THE HEAW,

STANDARD DEVIATION, SKEWNES3, AND 'KURTO3IS
OF A NUMBER OF 3AWD -l - SAMPLES F'ROM‘
THE COAST OF LAGOS

READ W

DO 4 I =1, N

READ 1, 4, B, C, D, BT, G

PORVMAT  (TF8.4) -

AEN = (B +D + F)/3.

SRt = (F - B)/4. + (G -%)/6.8
SKE# = (B + F - 2. *D)/2.* (F - B)
+ (A +6 -2, %D)/2. * (G - 4)
posIS = (6 - A)/2.44 % (E - C)
FRINT 2 | o L b :
_ bbb,,,sb  Dbbb....b 45H bbb, .. .b
FORMAT (3fH° SAMPLE 10 MEAW 10 ., . SORTING 10
i ] bbboou-b : - -b ' . ' .
SKEwWNESS 10 KURTOSIS ,/)

FRINT 3, I, AMEN, 3ORT, SKEW, TOSIS _
FORMAT (T4, 6X, F12.8, 4%, F12.8, 5K, F12.8, 6K, M2,8,III)
CONTINUE | '

STOP | - ; . , o
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6. L, E. D. B.
7. L.S.D.P.C.
8. H,B.X.E.

9. N.P.A.
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~ APPENDIX IV

"LIST _OF ABBREVIATIONS

i

|

Annals of the Association of American Geographers.
American Society of Civil Engineers.. .

Commonwealth Scientific Industrial Research
Organization, ' : ‘

Econonmic Commission for Asialand East.
Hydrochloric Acid.
.Lagoé Executive Developmeﬁt Board.

Légos State Develdement end Property Corporation,
Military Engineering xvericental Establishment. -

Nigerian Ports-Authority.

Transactions of the Institute of British Geographers.;.

Recurrent Landscape Pattern. -,
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APPENDIZ V

REPORTS _OF BEACH HNROSION IN - WEST AFRRICA

Victoria beach in Nigeria.
Escravos beach in Nigeria
Bonny beach in Nigeria
Cotonou beach in Dahomey

Cape Coast beach in Ghana

Secondi beach in Ghana

Aby Lagoon beach inlIvory Coasgt

Courtesy of Nigeria Ports Authority 1974
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LPPENDIX VI

 DEFINITION OF TERMINOLOGIES USED

Landfornm -

Landunit -

Recurrent -
Landscape
Pattern.

Land region
L= 1Y

Region -
Area -
'Part! -

Sandy-barrier
formation.

Yearshore
zone

Of fshore
gone

Swash zone

Beach -

Landscape features which have form and material
relationship and are recognizable by typical

.surface features wherever they may occur in the

area.for example beach ridges.

A hfmogenous unit of the landscape in terms of
selected Criteria e.g., River flood plsains,
Mangrove swamps.

An association of genetically related land units.
It is similar to the Landsystem of the C,S5.I.R.0.
and ‘the relief Units of Young (1969). e.z. Sandy.
barrier formations.

A large areg in vhich all landforms are related
in genesis, composition and form. e.g.

The Coastal zone of Lagos where all landforms
developed from the accumulation of sediments
from Marine and terrestnal sources.,

The sedimentary basin of 8. ¥. Nigeris.

The area of study i.e. The Lagos Coastal Zone.
That part of the area of study being discussed,

A single landform complex consisting of beach
ridges, plains, swales and barrier islands,

An area between the beach and about 20 netres
into the sea.

Deeper water beyond the distance of 20 metres
away from the sea beach.

Areaz between the bresking point of waves and
the beach berms,

The wave beaten sandy deposits on the outer
barrier,
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LPPENDIX VIII

- TABLE FOR STATISTICAL ANALYSIS OF SEDIMENT

SAHPLES
%
s IOCLIITY : Lavani Village -~ Bgrrier Begch II
. IDENTIFICATION WUMBER: IAG/026  DEPTH: 45 cms.
xa COLOUR OF SEDIMENT: Whitish sand
g STRATIGR(FHIC POSITION: 01d beach sand
[ :
4 NATURE OF GRAINS: Loose sands with admixtures of organic
- materials. ’
:1 TOTLL WEIGHT = 100 grams.
N
It e
: soon | Bis.7l B.S.14| 3.5.25 | 5.8.59 B.S.100| 5.5.200/4.5.200]
i GRAIN [ g , |
1 vermr | - 1 5 | 30 50 | 11 3
% - 1 5 5 50 11 3
% - 1 6 36| 8 | 97 | 100
. - CUM : : .
" . . b1 ] '
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