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ABSTRACT The paper examines the anthropic and envirommental implication of deltaic rivers and
disagrees with scholars who have iended to attribute delta formation to shoreline progradation. The
paper argues that scholars have lefl the natural continuity between delta, Slood plmn and allivial plain
only loosely defined. Using measurements of suspended load as indicators of denudation in (Iralnnge

basin the paper concludes that deltas are a mangfesm(mn of intense degradational processes within

d)amage busins. Accelerated erosion is fundamental to the initiation of deltaic processes. Fumlly. It

conchides that with better land use managentent praclices ind ainage basins, deltas will be slow taform.

INTRODUCTION i

Cameroon is diained from the Adamawa
Plateau and from the Nyong - Sanaga divide
along four main drainage basins: Atlantic,
Congo, Niger and Chad bosins. The river
channels, which drain these basins, provide
-important pathways for the transportation of the
weathered mantle in the form of solid transpoit
load. The ultimate end of these land-croded
materials is the sea where they are deposited. It
follows therefore that the river mouth where the
speed of the arriving scdiments become
drastically reduced is a eritical point between
the land/sea interface. Alluvial pinins and delias
are common fandforms.  This paper secks to
examnu, the patterns, causes aitd cnvuonmcmal
: qspccts of deltaic features along the Atlantic
coast OI»C!II‘HCl‘OOn ( Figure 1),

'OVERVIEW OF DELTAIC PROCESSES
- The term delta was first used by the
~ Greek Historian, Herodotus, more than 2500
ygars ago to deseribe the land created by the
deposits of the River Nife at its mouth, which
" resembled 'ﬂ\c Greek lefter” 'A (Dehta),
Subsequent studies “define delias as the subs

acrial and submurped contipions sedinient muss

deposited in a body of water mainly by fluvial
action. Most authors have lendéd o over
emphasize - that Delta formation” originated
from a prograda of the shoreline loosing sight
of the fact that delias arc the nianifcslalﬁm of -
intense erosion . inland, . Their - wltimate
development is' favoured by the absence of
stvong currents at the riVer mouth. Strong
currents  will  disperse  or |ed|slnl)uu, the

sediments brought in and so slow down the

speed of development. The Douala Basin amng
the const of Cameromi presents several deltaic
banks at the mouth of the River Mungo, Wouri, .
Snnage and Dibamba (Figure 1). The discharge
of waler from these basins.is aboul 65 miltiard
MYyenr (viorin,1982). The zone  contains
extensive mudfats and marshes.  This is due to

the absenge of stroiig waves and the long

distance that waves i‘mus[‘ travel across the o
shallow seas before they reach the river mouths.
Their energy is lost. before they teach the
nxudﬂms and marshes. One musl also remember
that dl the slack of the tide at high water there is
a short period whon there is little movement.
This is ideal for sili deposition on marshy

beachics and wwdilas.



The goucstion of sediments is therefore crucial

to Jzlta foimalion.

GENBRATION OF SUSPENDED LOAD IN
RIVERS

Fragmented Investigation have been undertaken
to establish the suspended load of rivers il
Camefoon. Olivey (1978) . has tried to
summarize these studies. The suspended load
consists of fing materials carried in suspension
by the river itself. The amount of the suspended
load depends partly on the quantily of materials
available to the river and partly on the total
volume of water involved, The suspended load
Is a weight measure obtained either by
evaporation or filtration of a known volume of
water sample from a river and weighing the
residue. 1t indicates the amount of weathered
rock exported from a rviver basin by fluvial
action. The Sanaga River has a basin surface
area of 77.000km* upsiream [rom Nachtigal.
The soils are ferrallitic and have developed on
metamorphic rock. Floristic composition is
70% savannah and 30% forests. Riparian forest
galleries characterize the Savannahs. The
average annual rainfall of 1.580mm In the
basin, which produces an average discharge of
153 litt'es(second/k|112. This is a runofl
coeflicient of 30.5%. The low stage dischargé is
about 183m%s while at flood stage the
discharge is 36.000m*s. Enormous fosion

occurs in the basin. At the beglnning of the

rainy scason (March to July) (he increased
volume of discharge i3 accompanied by
increased turbidity, 10gm/m’® to 100gm/m?, with
increased discharge from 200m’/s to 1500m’/s.
The first rains occur afler the dry season when

the basin slopes have been deforested for
cultivation using  slash-and-burn  farming

practices and the savannahs have been burnt to
stimulate a flush of vegetation for natural
pastures, At the onset of the rains the soils are
greally pulverized by farmers as the basin
becomes bare of vegetation in most areas, The
first rainis therefore catise severe erosion. From
July to -August; discharge increases rapidly

while the discharge of suspended sediments
toad falls to about 40gm/m® as.the vegelalfon
becomes more established (Figure 2), By the
end .of e ralny scason, turbldity falls
markedly. Erosion becomes limited only to
slream banks and beds. At Nachtigal, the
suspended lodd is about 28 tons/km*/year. This
is an approximate load of S8gm/m’ or an
approximate 2,150,000 tons/year in the entire
Sanaga basin (Figure 2).

The River Mbam is a Uibulary of the River
Sanage. Upstream from Goura the draindge
basin has a surface area of 12,300km? The
Geology is Precambrian metamoiphle racks.

‘However, 12% of the basin area Is composed of

basalts and trachytes. The vegetation is mainly
savannah with riparian forest gallesies. The
relief is steep and there is inlense demographic
pressure on fand. Cultivation sessocialed with
bush burhing is intense and overgiazing is
common in the basin. The river discharges ab
average water volume of 17 litres/second/km’
for an average annual rainfall of 1,780mim, The
runoff coefficient is 33%. Low stage and_ Hlood
stage discharges are 80.4ms and 2.540mYs
respectively. Turbidity increases rapidly at the
begining of the rainy season fo a makimum

“ (300 to 420gm/m®) in July and August. In the

hearl of the wet season dally concéniratloiis
vary between 150 and 250pm/m’. These
concentrations remain close to 100gm/m’® up lo
November,

- The Mungo and the Wouri River basins. have

had little hydrological studies. These rivers
originate from the West Cameroon Highlands,
and their basing are Intensively cultivated.
Slagh-and-burn  shifting  cullivation  has
degraded the forests in thesé basins.

MORPHOGENESIS AND -
ANTUROPOGENESIS

; Deltaic development is primarily dus
to land degradation and hence environmert
deterioration. (Ojany, 1986). Il &= (il
accelerated  erosion that promotz = High
discharge of sediments Inlo the eleint 2Rd




orm e Tl slo indiestes
ﬁ-m of vz ewhdihy o3 Inoreased

sg,.-xﬁ:s it el Syt intiluatlon, which
B e ey esndlon for groundwaler
a‘tﬁ mwwyafmei\‘ﬂe walers allesis {0
&ssst.‘mma Fteraeture on delias, which in all
w3 gesoras  neeelerated  morphological
Buongaz espaelally stiee the Holocene times. It

" is passiblz (o conclude too that these increased -

sj-ijrnem yields are mainly due to increase

- gnlhropogenic aclivities on land, cspeciélly .

“eullivation. Land use in deltaic river basing of .
" Cameroon  lucidly . supports ~the - above
) conclusions. A Jand use history is necessary to
elarify this assertion, In the forested southern
porlion of the Sanaga Basin and the Dibamba-
Busin, the upper part of the thick silt or silty-
loam’ layer ‘often. contains charcoal, charred
palm nuts, potsherds and ceranics. The oldest
age for the charcoal Indicating the human
interference with the forest dates back to 2900-
3000 years BC (Kadom;ira, 1984). This is
probably contemporancous with the beginning
of “Bantu fnigration" into the forest aréas from
the supposed homclan‘d in the Cameroon-
Nigeria border. Similar dates are also reported

by de Maret (l982) for the forest area around

’l‘able 1 Characterlstics of Erosion in the Mbam Basin,

Yaouade. Tn the West Cumeroon Highlands,
Tuniars (1986) suggests  thal  important
degradation of forest vegeiation began aboul
2000 years B.C. In the Yoounde-Ebolowa area
or south Cameroon, p!ﬁ(aqu a nolable retreal ol
closed forest in this parl of the Sanaga Basin

-began ‘at 350-300 years B.C as a result of

massive and successive migralions of agrarian
populations into the semi- deciduous lorests
(Haruki, 1984). Slash =and -burn agriculiure
has been the main cause. The degradation of the
forests toward the present day condilions has
been accelerating since the carly 20" century
following the _expansion of roads into forests,
loggi’ng and commerclal tfee crop plantations.

Kadomura (1986) has cstablished that the

anthropogenic transformation of the forest by
farming  practices ~ and  livestock = raising
intensified since 300 to 350 years B.C. The
beginning of the prevalent use of iron

implements in these river basins dates back .

1000 years B.C. Vegetation destruction
- - i » ‘ ~ .

accompanied by soil degradation and sediment

transport  certainly are major. contributing

factors to the building of deltaic banks at the-

mouths of these "river’basins (See Table 1).

-

YEAR 1970 1971 1972 1973 Average
Total transport of sedunents {millions of ;
tons). ‘ : 3.408 2.792 2.513 2.492 2.801
Discharge volume (m’/s) 682 562 524 528 574
Average concentration  of - sediments , ‘
(9/m?) ‘ 158 158 152 150 - 154.5
Degradation rate ‘ ’ B
(tons/km¥/year) 81 66 | 59 59 66
Equivalent depth of 'soil eroded (10 o 1 ‘ '

1 mm) » 62 5.1 145  |as 5.1

Source: Oliyry (1978). -

§ ' ’ ‘
- Paleocene and Middle Bocene deposits of soft
sandstone, sand, clay and ferniginous crusts

make up the inland margin of the estuarine -
deliaie coast. Mio ~ Pliocene sands and clay
deposits form the younger part of the plain from

‘where the deltalc banks ‘project into’ the sea.

This area is characterized by the absence of any
marked relief and a gentle seaward slope of 0.5
to 1.0%.



Sandstone and clay sediments in. the
Douila basin (dellaic-estuarine zone) date to the
Paleocene when the area was occupied by a
shallow sea, which facilitated the build up of
deltaic banks. Nougier (1980) has established
that subsequenl mavine ‘regression occuued
during the upper Eocene-Oligocene. A later
maring  transgression dwing the Miocene
affected the Tiko-Missellele-Bonaberi  plain
during the ‘Pliu-(;)vtmtcrnary. The low-lying
regions - at the Wouri-Mungo conscquently
assumed o low and  ragged coasiling
_characterized by mangrove swamps and ciecks
(Morin, 1980). In sumnary, defiaic banks arc
characterized by Fluvie-Marine Qualeimiy
alluviums  sud  superficial  deposits.  ‘the
deposition of such scdimeats formed muddy
Red mangrove Gees  (Rhizophora

raceanosa) rees, which possess special silt rools

banks..

and bicathing soofs, were perhaps the [irst
planis to colonize these hanks. The constant
accumulation of mud and sediments continue (0
raise the banks. The red mangrove community
eventually gives way to while mangrove trees
(chennn ger minans), which prefer Inghcr and
drier ground. New mud banks are conlmuumly

bemg formed f{urther out vmln the shallow sea,

“so that the old banks are gradually converted
~into firm ground in inland arcas. These arcas
were eventually raised well abdvc‘high tide
level and a more normal soil ‘developed. The
white mangrove was then slowly replaced by a
large number of different trecs, shmba, herbs,
ferns and climbers. _
Rhizophota _ragemosa is associated
with the rare occurrence of trees such as Nypa
fructitans and  Guibortia _demensei, and ferns

‘such as Acfostichum auwreum. Thorn bushes

and Pandanus
ing while secondary formation

include Dlepmmuupm species

parvicentralis na

include HlblSC\lS tiliceus. Guibortia demensei,

Deepanocarpus Junatus, Pandanus candelabr um‘
L

bALIS R ald

and:- Phoenix_reclinatn. Zones  liable o dmly

inundation arc colonized by Nypa ftucticans.

,;Rmscd bunks - of meanders (Figure: 3) are
/\cmhchum

¥ g LT
colonized by Hibiscus  tiliceus, Acrof

4q-

formations and swamps are colonized - by

(Morin and Kucte. 1989; Keute, 1998).

" plateaux ‘sections and abrupt drops of calm

"this drainage basin ‘and intensive eultivation

gureum and Drepanocaipus. lunalys among
others. S
_“Pransition zones between -continental

Avicennia nitida. Out of the inter-tidal zone the
rarely flooded clay soils are colonized by a low
strala forest (4-8m) of Carapa procera, Raphia
nitide, cynomeira mannii, Dalbergla_spp end
Drepanogarpus lunggys. Loamy sands and sandy
loams in the Pealy areas have a stratified
vegetation of Rhizopbore harisonii, Pandanus
candelabinmm, Cougcarpus _ereglus  and @
hicibaceous undergrowth. Creek  banks are
domiuated by Rhizophora harisonii, which
sceins o show lolerauce Lo saline soils. Fresh
waler feaches of ciecks are dominated by
Phoeals_gestinata and Rhaphia _palma_pinus

INTERACTION OF ANTHROPIC. AND
HYDRO-GEOMORPHIC PROCESSESS

©Tigure 4 presents the thalweg profiles
of the River Sanaga and ils tributaries. These
take theiv rise frofn the Adamawa Plateaux and
the Western Highlands. In general the profiles
are concave and steep. The upper courses are
broken by stecp escarpnients with slopes above
25% such ag on the tide, Mungo and Nkam. The
middle “courses are cquaHy steep (3.8% to
5.15% slopes). These slopes soon flatien out
rapidly as the rivers “approach the South
Cameroon Plateaux and the constal plain.
Typically the profiles present o supl:ession of

reaches and rapids. ‘
The fuvial regimes (Figure 4) confolm {o the
seasonal rainfall,
coincide with the péak of the wet scason and

variation in Peak flows
the low slage W the heart of the dry scason. ‘The
‘Wouri River has a peak discharge of 1.425m"/s
and a low stage of 49m’/s. The average
discharge is about 311mYs. Delorestation of

combitie with a discharge per unil surlace arct
of 173 litres/second/km?® and the steep gradients
ol the upper stopes o cause intense crosion ant




lransportation of the soil. River Mungo has o
flood peak of 636m*s and ' discharge of

164m™/s at low stage. The basin has Inlensive

land use systems that have degraded both the
soil and the original forest coves. Plood
discharge per basin surface area is 2,631
litresfs/km?. River Sanaga on the other hand has
an average degradation of 28tons/km*/ycar.
Upper segments of the tributary basins suffer
from intense grazing by cattle, bush burning
and cultivation. The forested middle and lower
portions are being degraded by deforestation,
logging and slash -~
cultivation. _
ANALYSIS OF THALWEG PROFILES

The thalweg (= valley way) of a river
is the curve of 'thg river course from source lo
mouth. ft is a profile along the winding line of
the valley floor. Figure 4 shows the form of the
curve of the river which reveals that:-
The concave graded curve of the (ributaries and
the main rivers, invlhis case sleepness of the

curves, taken in conjunction with the volume,

may betray early or late maturing.

Convexities in the Sanaga thalweg al Betare
Oya and between Kikot and Nachtigale, may be
due to arrested grading by resistant rocks.
Convexities in the Mungo thalweg may be due
to rejuvenation, the curves in this case above

and below the knick point are graded. This may

be true for the Sanaga tributary upstream of
Mbakao. _ . -

Prematurely flat reaches or sudden changes
" from steep to flat slopes downstream In the

Sanaga thalweg are due to upsircam -

encroachment of alluviation. This is because the
cross section of valley floors is Nat (alluvial)
below ‘and stecp-mded and narrower above the
breaks.

It is necessary to emphasize that map studies of
this type are only preliminary s(eps in

morphological analysis and that the reality of

knick points must be checked in the field by

careﬁil survey. before they are accepted a'nd"

» '

and ~burn shifling’

boefore they are ealled in evidence for any
fillerpretation of geomorphological history.
I is important {o examine the significance of

'llmlweg profites of the rivers on sediments

transporl and crosion potential. The altainment
of maturity is reached carlier in the large rivers
than in small and in main sireams than in
tribwtaries, On the other hand very small
streams and headwater streams (figure 4), never
having reached a condition of grade, usually
contain irregularities of little significance. It has
been a fallsicy that the speed of Nlow of the main
stream must be less than that of its mountain
tributaries. These are often steeper, run over a

- more irregular bed and consequently have s

much greater element. of turbulent flow. This is
frequently apparent to the eye, but turbulence
must not be mistaken for mean velocuy The
eddics and splashing of a mountain stream give
an appearance of rapid flow, and it is true that
individual whirls in the water may indeed be
very fast and can cause enormous bank and bed
crosion, that is, detachment of rock and soil
paiticles. The point being underlined here is
that cddies do not contribute to the mean
velocity of flow and therefore o' the
compelence of the stream to transport eroded
material. Competence depends on the volume
of water and velocity of flow. This is because
waler motion in turbulent flow is " circular,
although there is a component on one side of
the ¢ircle ﬂoWihg fast downstream. The

_componenl on the other side is flowing equally

fastback upstream.

The flow of the main river (figurc 4) .
with smoother bed and banks is generally less
turbulent. The apparent speed of flow scems

less, but the mean velocity and discharge is
-relnuvely high. When the discharge of  the

tributaries exceeds that of the main river such
as is the case of the Sanaga, the water first
deepens and then floods. From the South
Canieroonf plateaux and the coastal plain these
rivers develop a very high potential to transpori

eroded materials in suspension. The wrbulence

in the tributayy rivers can be very imporiant



because the speed of mioving water within an
cddy or cascading over a rock can be
sufﬁc!enlly high to causc lhe enlramment of‘
small parlicles ‘Piiis is oite of lhe factors which,
ofter heavy fdins; helps | lo, account for the
muddy appeaianca of lhe ‘main rivers not

sufficiently ~ turbulent  themselves  for
' entrainment 16 lake pldcs. Subface wash ild
runoff piocess entidlii and provide hanspoit for

fing paiticles iHto sfreanis did rivers whiie they
entef difeetly ihta suspension. Very important
factors leﬂdmg to _entiaimnent under these

conditions are land usc praclices cavsing lme

soils and the “explosive” effcet of the m\pacl of
raitidrops on bare soil. There an, also ()lher‘
ways in which fine patticles can beoomc poit of

the_ suspeiided load of a siream, for cxample,
whei a bank is un(fcu:ul and portions of soil or

sub soll fall into the water. It follows that

whereas the erosion velocity may aocoum"i'or
the entrabiment of only pat of the suspended
lodd, deposition is \vholly: conlrolled by thic fall
veloeity as the tivers enter the shallow watess

of the shore. For thé malhcmahcally minded,

Stoke*s law expresses the scmmg velocity for
small spherical grains ( Mc(,ullagh 1978):
v=2x g (dy-h)
o Ty
Where ¥
g = the acceleration ol'gmvily
r il hemdlm of the paiticte
dy = the density of (hc paitiele

d; = the deisity oﬂhe lquid

= the sc(llmg velocity -

U #the viscosity of the lhnc]
Hm, lmmula should be used with

caution bccausc it holds only for smell -

particles, winch are mughly epheucal in thane.‘

‘This "1§ - the case " of ma;crmls constituling
estiariite déliaic banks. Calculations for large
parﬁcle§ “and thuse of ircegular shapes become
much more complex. -

The amount of material transpoited by
a tiver caf:be very -great: The lolal depends
tipoii ‘the #ize of the’ drainage wren, the annual
discharge  OF thé  system, - the . geological
characlecisties and struetiite (hrough Which the

-

6

rivers pé&s 'md lhe ahthfopogehic ~ faclors
accele}aﬂng soil sioaloh 1n the dralrdge badin
The genci'ation ahd trafispoftation of stispended
seciiment foad By fiifvial process Within' a
dmmagé bastin and thelr. subseqﬁem depositioh
as deilalc bariks at the moulk of & VR 188
pié of ohé of the ways i Which the
of" ‘man may greatty - Aftest prysical
pr()cesses

R I

bistUEleNS

L ['mm lhe above obsefVallons it 13
dlfhcull fo kitow where 1o Include del(as me
of them aie coastal, though oihicis dré found in
lakes and coas(a} lagoons. Cofiditions favoutmg
dc,llmc accumufation are:

'y lmge load of fivet sétiment:

Usunlly alar e uvel otherwise the action

of the scﬂ :mght disperse ﬂle saduﬁents.
- Reusanably shatiow. water  pffshiore,
lhough lhe necessity of this.redlly depends oh
the, nmounl of sediment ~ available ~diid (hé
ehcnglh of(hé mariné erosion:.

A coasl on ‘whicli the wave eiteigy. 1§ low,
lhough hére dg&\lu oW tow. Low.will dépehid
01‘1 ‘(;lhél il‘aclms such a3 sedifint:supply and
tidal l‘illlll‘gl: ‘nT:Li
- A smnh llldal tahgs. Howaver; dsllds. cdin.
be bum m mu\s of larger tidal Fangg, provided
that c(mduions 3 and 4 above dte met;

Dchus tue l‘undt\men(ﬂlly fealures of - tiver
dcposmon not marlng  deépgsition: thbugh
maiine chhnen(s' iy be Jicofhoratéd i thelf
froms and ‘inteércaléulated WhE  hé rlver
deposus if phdses of supsidence altefhELe:; Wllh
phases of dalla bullding, 1 hey.leveloh: bﬁslﬁﬁlﬁf
becmu;c ‘ihe velacily ot FIVEEdimRIShES TlFlY
mpl(ﬁy nt ils mou!h {(Stoke!ls LaW)a contitdn
whwh lﬁust have béen-aceeiilualed tilkihg post:
glacml rise of sca leve),; Wheieby. deposition
staiis, pmbably alded | by < Mtocculalioh . of - the,
finer p?mix,lcs Where the eftect bl salt Whtéiis
fehy, progmdnlmn enstel; wilieh Rirthiek rédicés
“lt- gm(hchl and so_lugreases. Yepogln; by A
p(mlive feedback process (OIhY:: 1986) THe

. deltas of Cameroon are vif ufally contlnualtons
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of the aggradation type of river floodplain due
to the high weak destructive potential of sea
waves.

The main fluvial factors involved in
the formation of deltas are: ‘
= Supply of a large sediment load and its
parlicles size which is determined by a rivers
regime and the source of the sediments within
the river basin; and
= The potential of denudation agents within
the drainage basin to provoke erosion and the
compelence of the rivers to transport the
sediment load to the land/sen interfaces,
- In examining the ubove points, one
environmental fact, which emerges, clearly is
that accelerated erosion is an important factor in
the promotion of deltaic bedding. The historical
studies of the evolution of the River Mississippi
Basin eloguently illustrate that a sudden
reduction in the supply of sediment will alter
the pattern of dellaic bedding shaping the delta
(McCullagh, 1978; Oojary, 1986)
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