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PRBFACE

ln response to the request of the Govemment of the Repubhc of. Kenya, lhe Japanese
Govemmem decided to conduct a survcy on the Land Use Mappmg (coverage: approx:mately .
_ 14, 700 km? ) Pro;ect in Fast Keny’a and entrusted the survey to the Japan lntemahona! Cooper—
ahon Agmcy (JICA). The JICA sent. to Kenya several times a surv ey feam headed by Mr. Eiji

. Go_:o from August 1981 to Nmember 1983

3Thé team exéhanged views with the officials éoxxwrlied of the Government of Kenya on legend of
thematlc maps and conducted a field survey in the Project A_rea After the team :etumed to

Japan furiher studles were made and the present report and maps have been prepared..

I hope that thi_é report aﬁd maps \a}fil! serve as a basic rgfeiéxnée for the development of the Project

Area and contribute to the pronlolion of friendly relations between bu; two countries.

_l wish to express my dccp apprecnatton to the ofﬁcuals concemed of the Gmemment of the
Republxc of Kenya, parlzcularly those of the Survey of Kenya, for their close cooperalmn'

extﬁnded to the team.

March 1984

Japan lntemat:onal Cooperatnon Agency

Kelsuke Aritd
Presudent






LLANDFORM, SLLOPE AND DRAINAGE MAP
WEMA

KENYA 1:50,00

Ty '—eu'-'{ £y agray

3

IV EM

)







PRESENT LAND USE MAP

VEGETATION AND

EN

GARS

50, 000

NYA 1:

KE

]

Gubanarg







GEOQOLOGY AND SOIL MAP

SURFACE

UNDISA

n

50, 000

KENYA 1:

A
a

H







-FOREWORD .-

The Land Use Mapping Project m East Kenya was started in 1981 as a three year ﬁrojeét and
fonip!eted in March 1984. This project was undeitaken following the completion of the
Topogeraphic Mapping Project conduc'ted as a Japanese Government Technic;il,Coopcration
program taking six years from 1975 to 1981, '

The purpose of this project was to produce 150,000 and 1/100,000 scate thematic maps and s
one application of these maps to evaluate the land. The maps produced are as follows. (Refer to
Fig. 1.)

Thematic Maps:

Tana River Delta Area — .
Vegetation and Present Land Use Map ... ......... 1/50,000 12 sheets

Landform, Slope and Drainage Map ............... 1/50,000 12 sheets

Surface Geologyand SoitMap . .................. 150,000 12 sheets
Ranching Project Area —

Vegetation and Present Land UseMap ...oouvn.... 1/100,000 - 4sheels

Landform and Drainage Map .......... e 1100,000 - 4 sheets

Land Evaluation Maps:

“Tana River Delta Area — : : o
Evaluation Map of Hazard of Soil Erosion .. ........ 1/100,000 3 sheets

Suitability Map for Rainfed Agricull'u_re..,..-..‘.... 1/100,000 3 sheets

‘Suitabitity Map for Irrigated Agriculture ........... 1/100,000 3 sheets.

* Ranching Project Area -
Current Suitability Map for Ranching ............. 1/100,600 4 sheets
Potential Suitability Map for Ranching ........... . 1/100,000 4 sheets

This report deséfibes the objectives, iniblémentaﬁOﬁ procedure and méihodolog}' study resﬁlts
: and utilization of the products It is'sincerely hoped that these products wilt find meanmgful use
as basic mformahOn for various deve!opment programs in East Kenya



Sincere appreciation is expressed to the officials of the Suwéy _of Kenya, the !ﬁéﬁyé Soil Sdn'éy,
the Tana and Athi Rivers Development Authorily, the Kenya Range&\_nd Ecological Monitoring
Unit and other Kenyan gds’e’fﬁment agencles who kindiy prbvided assis_tance_éhd cco'peréti{m for
the survey work, . - Lo ST Co o b
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- SUMMARY -

' T his was a projeot to sufvey wnth respect to East Kenya such basic” e!ements of the land as
" vegetation, - present land usc Iandform surface geology, soil, and to pmduce themahc maps on
the bas:s of the tOpOgraphzc maps whlch had bccn prevmusiy prepared The survey résults and
the thematlc maps thus devetoped were then studted for their apphcat:ons and as an example of
:such appllcattons land evaluatlon Was made from them ‘ !

Fast K:enya. as covered 'by tl-ﬁS’survp)‘i is ‘cii.ﬁded -i_h-t'o v areas alqné the 40° éast longitude
according to the'objectitfes .of major deﬁlopmeht plans, namely,'the ‘Tana River Delta Area
' (approx 6 950 km?) on the east (htdlah Oceau sxde) where 1rngated agrtculture devetopment is
: envxstoned and the Ranchmg Pro_lect Areéa (approx 7 700 km’) on the west (Inland stde) for

which ranchmg is planned 'to be promoted ' L R

T A thematlc maps mth respect to the Tana Rtver Delta Aréa Vegetatlon and Present Iand Use
_Map, Landform Slope and Dramage Map, and’ Surface GeOIOgy and Soil Map were prepared at
_- 1/50, 000 in scale while for the Ranching Project Area, the Vegetation and Présent Land Use Map
and the Landform and Drainage Map, both | / 100,00_0 in scale, were produccd. '

‘The land evaluation dealt with the following subjécts“sbil erosion resistance, rainfed agriculture
su1tab:hly, and mlgated agncu]lure suttablhty for the ‘Tana River Delfa Area (4, 640 km?
excludmg a northem portion) and t‘anchmg su;tab:hty for the Ranchmg P:o;ect Arca.

“The resu!ts of 'th'is surve'y are summarized below.
; ( 1) The ’I‘ana Rmzr D lta Area cons:sts ol‘ natmal !evees mnmng along thc rived and extensxve
B *{ﬂood p]aln spxeadmg beyond thcsc levees B

. The natural levees are. micro rehefs formed by sandy sedmtents and moderately ‘well in

_ dramage thus allow:ng Garsen and many othe;r settlements to be located in this area. While

- there aré observed: banana plantatlons and ‘small scalé: paddy fietds and farms, the aréa is
o mostly Bushland Bushed grass!and of Wooded bushland. The aréa is considered Suitable for
Fi small scale 1rrigation : e ' S

'.'T he flood plam is compnsed by low and wet Grassland or Bushed grasstand with re!atwety
L 'l‘erhle SOils to make the area Suitablc for large sca!e lmgatton development,



(2)

The atea to the east of the Tana River Del_ta is of _he_arly flat or un'dtlléling terraces with
Wooded bushtand and Forest asrvegelatlon with the former being d(')mina_ht as'forf:sts have
been reduced to Wooded bushland over years of cutting for timber and charooal The
southern part of the area has an annual rainfall of 1,000 mm — § 200 mm, the lughest level

< of rainfatl i in the ent;ro study area..

Plantations of cocanuls, mangos, cashew nuts as well as targe settlements ate observed.

The area contains r‘élali\'r'oly large settfements such as Wilu_ and Mokewe. Lamu on Lamu

. Island to the east is an Arabic style tos\rn' serving as a touiist place.

" The area is'relalivelf'well c0n(litioned for rainfed agricultute but there is the possibililf of

@y

@

(5)

‘drought when there IS not enough rainfall during the ramy SCASON (Apnlﬁhme) lhus

: necéssnalmg dcy elopment of ungat:on evenona small scale.

In the fersace éroa éxtending':l‘rom WéSl of the Tana River Delta to south, the land is flat
with steongly: calcarcous and highly sodic soils distributing widely and vegetation being

: ;l1ainly~Bushlénd.. Sellle_lnehIS'an_d cultivation are least developed except in the southern

part and pbten_tiali_ty 'l‘or'agricultural'dewlophlent appears to be low. .

In the coastal area to the east ol‘ the Tana Rwer Delta, dunes are developed corilmuously

and swamps of poor dramagc are formed behind them Over the tidal flats of this area arc

| mMangroves and ,(Jrassland‘ ’lhe_ area to the south is used for sun-dry salt fields, -

The Funcl;sa Hlll Area located in llru, southem cent(al part of the survey area has gentle

undulatlons at elevations rangmg 106 m — 150 n. The land is of Tertiary hmestones

._ calcareous sandstones and sandy clays covered mamly by forests. Sonls ongmaled from

©
- stones, rangmg in elevatlon from 150 m to 200 m, ‘The western half of the area is a flat

_sandy clay among olher types show good physual properties to nake areas with such soils

good for farming and ranchmg as actual]y done. Settlements mcludmg Fundlsa are well

. de\clopcd

“f

The area west of Fundnsa Hlll is-an extcnswe pla_m formed on Tnassic and Jumﬁsw sand "

peneplam whereas the southem and eastern parls are d;ssecled by dendritic’ valléys formmg _

gmtlo reliefs with platcaus uplands and d:ssected peneplams

- "[‘he annual ramfall amounts to only 200 - 600 mm. Bushed grasland is a dommant-

" “ vegetat:on The valley bottom lowlands, wh:ch are ﬂooded only durmg the ramy season, ate



Q)

- (8)

calcareous and poorly dramed B)' better uhltzahon of Water wath bore holes and dams

‘ tanchmg can be further promoted in the area.

The results of the land sultabzllty evahiation for the Tana Ruer Della Area (cm ering 4 640

km’ excludmg a norlhem portlon) are as follows.

'The area is generally frec from 501! erosion cxcept there are some places wnth weak
. resistance to erosion classified under “Slight resxslance” located on the slopes of dunes

With respect to the rainfed agncu!ture su:tablhty, whlch depends on climate and soil
CODdlllOllS “Margma!ly sultable" plac;s account for about 80% whereas “Unsmtable” places
about 17% ' ' ' '

' In terms of the 1mgat10n suxlablhty, most of the area has been found as “Unsmtable” '

“\loderately smtablc" and “Margmally smtable” places combmedly represents less than 30%
of the area. : '

The re.sults of the Ranchmg suntablhly evaluatlon made of the Ranchmg Pro;ect Area are as

: follov.rs

Accordmg to ‘the current suntab;hty evaluatlon, most of the area is rated as “Margmally
suitable” or “Submargmally suitable” excepting forests. rocky places and places too remote
for access to the exnstmg water supply facnhnes

Accordmg to thc potenhal smtablhty evaluatlon whlch assumes effectne uhhzanon of
watcr and forest clearmg, s:gmﬁcantly large pomons of lh()se evaluated as “Unsuitable”

~ under the current sultabshly are rated “Marginally sultable” or “Submargmaliy suitable®,

And thcre are some morg of “Moderately smtable" placcs












‘1. BACKGROUND AND OBJECTIVES:

Located in Fast Africa right undet' the Equator Kenya has a l.a'nd' space of 530 000 km? with
'highty developed high lands t‘ammed by such natural elements as chmate smls végetation, in the
south of the intand. aica’ havmg concentraticms of mdustnes and- populations. hxcept for the
coastal area on ‘the Indian Ocean, arid land aécounts for most of the nation’s !and space, even
whese there ar¢ moré than 2 million people or about 20% of the fotal population tmng pnmanly

on tradltlonal cattle raising.-

Sinice its independenée" in 1963, the government made‘investmeﬁté of 'veéion's' kinds to cconomi-
cally develop the and land in an attempt to ease reg:onal dlspantles Wnth the establishmeiit of
the Tana River De\etopment Authénty in J une 1974 with a viéw to comprehenswe development
of the Tana Rwer (Kenya’s tongest river: approx. 700 km long and approx 132,000 km1 in
catchment area) that ‘flows into the Indian Ooean, cdmprehenswe surveys and studies were
‘started for effective utilization of wateér from the river and, with’ respect to the downstream .
regions, paddy field de\elopment by irrigating the delta area and intensive use of land for

ranching,

These surveys and plans required high accutacy national base maps as 'basi'cally essential int'nr-
malion for their xmptementahon Recogmzmg this need, the Kenyan Government requested the
Japanese Government to produce the national base maps of 1/50,000 in scale covering the
downstream of the Tana River and snrmundmg ateas, In’ response the Japanese Go\emment sent
JICA missions for prehmmary studies in Febmary and March !975 and subsequently met the
request by undertaking the Topographle Mapping Pro;ect in East Kenya (37 sheets of 1/50,000
scale topographic maps covering approxsmately 27,600 km’) which was completed in March
1981 after six years of work and the resulting products were officially delivered in August of the

same year,

In the course of the project, KenYan cbunterparts from the Survey of l.(én"ya joi'ned the Japanese
in the. ﬁeld work and came to Japan at the nwntatson of JICA 0 join in the off- site work done in
Japan. Not only the final p:oducts but all other products resu[tmg in the mtervenmg proccsses

- suchas aerial photos and 1/50, 000 topographic map pnnts as well were detwered to the Kényan

(:mremment on the occasion of their ofﬁcanl presentation, “The Bast Afnca Speczﬁcatmns”
prepared by the Brmsh Dnrectorate ot‘ Overseas Surveys was apphed to these 1{50 000
topographic maps but since there were not prowsmns set for its application, “The Map Symbols
and System of Represenlahon and its Apphcatlon” was co:np:ted in oonsultatxon mth the Survey '



of Kenya to pronde for such rules. It is beheved that such an eﬂort has sngmfieant!y contnbuted
to the transfer of base map making technology '

Prior (6.t|1e _e_omi)ietion of the tépogr_éphic; niapping, a request ‘was submitted by the Kenyan
Government to make thematic maps for the same area as ciover.ed by t'he. topdgraphic"inapping
‘:After meetings held between JICA inissions and Kenyan side over the period of January to Apnl _
_l98l 1t was agreed that the Japanese Govemment would undertakea three—year project (for the '
Tth — 9th Years of the Topographic Mappmg Project) starting i in fi scal year 198] subsequent to
the topographlc mappmg, to nieet that ‘Kenyan tequest covenng areas with hlgh deve]opment _
potential (the Fana River Delta Arca and the Ranchmg Pro;ect Area totallmg some 14,700 km?

in area)

This prOJecl was eonducted for the purpose 01‘ de\elopmg thematlc maps based on the 1 ISO 000 i
topographic maps to provnde such base mfomlauon on thc land as vegetahon present land wse,
‘landforms, surface geology, son!s etc and thus to contnbute along with the topographic maps,
to effective lmplementahon of the deveIOpment plans in East Kenya.-









. OUTLINE OF STUDY AREA
I-1 LOCATION

The study area is approximately 14,70_0 km? in area located between 2° and 3° south latitudes
and 39° and 41° east longitudes including the coastal East Kenya facing the Indian Ocean.
A_dministratii’e]y, the area involves four Districts, namely, Lanﬁn, Kiliﬁ', and Tana River of Coast
Provinee and Garissa of Northeastern Province: Lamu in the east, Kilifi in the south, Tana River

in the central, north and west, and Garissa in a very small portion of the norih (Fig. 1I-1).

According to the major development objectives and contents of this project, the study area was
divided at 40° east longitude into two sections, the Tana River Delta Area on the east and the

Ranching Project Area on the west.
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-2 CLIMATE

(‘limaﬁé condifions‘:iiké soils, ‘h"avc a‘éigniﬁcanit inﬂuent:e on.suitabﬂiii‘es i)f‘ éfops and agricultur-
al produchon Spec;fcally, ramfall evaporatton and temperamn, and thcu ba!anced relatmns are
cnhcal to agmultural management Metcoté!oglcal observation data spannmg more than lS years
were availablc at three locations mszde the study area - the Lan‘lu Metc()rological Ofﬁce B
Mkumnnb) and Witu p?anlatlon (Fig. II- !) The areas covered, however are hnghly concentrated
tow:ards Ihe sea coasts and there are qlute a few pomons lackmg in data Therefore the chmat:c
condmons of the study area were analysed by supplementmg the abme data with thOSc from

surroundmg arcas.

[1-2-1° ANNUAL MEAN RAINFALL AND,ANNUAL POTENTIAL EVAPORATION

_ The annual mean ramfalls for the study area ahd ltS surrOundmg areas S aié as shown i m Flg li 2.
From this figure, the study arca can be dwidcd mto two, one coastal with annual mcan Iamfalls
ranging from 600 mm — 1200 mm and the other m!and with ralnl‘alls of 2(}0 mm - 600 mm

In more detail, ‘the Jsohyet lines run paraliel to the coastal lmes with volumes declm;ng as they
move mland The highest rainfalls in the study aréa amountmg to 1000 mm to I200 mm occur in

ah area runnmg from Wltu to Mpcketoni.

Annual potential evaporations werc analysed and made into charis by T. Woodhead (1968),
According to them the annual p'(')tential evaporations in the study area and the surrounding arcas
are as shown in Fig. 0-3, reachmg up to 1800 mm.— 24(}0 mm and decreasmg as they maove
inland away from the coast. The annual mean ramfa]ls and the annual potenhal evaporations
show a very similar tendency to deCreasé as lhey nové mland from the coast

f1-2-2 MONTHLY MEAN RAINFALL AND MONTHLY POTENTIAL EVAPORATION

Monthly mean rai’nfa.ll data for Lamu, Mkunumbi 'and Wiiu are as sh0wn in Fig. I-4. 1t is seen
from this fi igure that lhere are two peaks ‘of rainfall occurnng, one in May and another fo a lesser
' extent, in September-—Novemebr From Trainfall patterns, HM.H. Brauvn (1978) defined the
seasons as the !ong rain season (Apn!—J une), the short rain season (Octoher-[)ecunber} the dry
season (Jan_u_ary—March), and th_e t_ransx!l_onal seaSOn (Jt:ly——Septcmbe:). These definitions very
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welt reflect the features as seen in l*lg l] 4, Monthly fnean ramfalls for lhe s!udy area and the
surwunding aseas arx. shown in Fig. [{-5 - 16 (Easl; Afncan Commumty (EAC) 1971)

Accordingly, with respect lo the Tana Rwer Detta Area, the January Mafch period is defined as
the dry season, Apnt Jnne the long ram season, ]niy September the ttansmonal season and
Oclober——December as the short rain season The an:mal mean ramfall l‘or th;s area is 600 mm -
1200 mm mth the ramfall roachmg about half that level during lhe lnng fain season and the

lowest of tess than 10 mm in Ifebruary

The Ranchmg iject Area has less amounts of ramfall of 200 mm — 600 mm with seasonal
changes not as dlshnctwe as in thc Tana River Dclla Area The January March penod is defined
as the dry season Apnl —June the rain season, !u‘ly Septembet the dry season Octo'ber—
December the rain season. The' monthly mean raml‘all is less than 100 mnt ‘even dunng the rain

season and less than 10 mm in most months of the dry season.

The monthly potential evaporation data for the Stuc_!y'ar_éa' and;the surrounding areas aré as
shown in Fig. I-17 — 28. The m'onthly pOtential 'evaporat'ions for the study area range 150 mm —
225 mm and nearly correspond to the month]y mean rainfalfs in thelr moveinent from month to
month. And thete is not much dif i‘erence in that respect between the Tana Rn er Delta Area and
the Ranclung Project Area But if any, evaporalmns shghtly hlgher in the Tana River Delta Area
and slightly lower 1n the months of May — July than in other months wlth 150 mm — 175 mmf

month_.

When monthly mean ramfalls and monthly potential evaporallons are comparéd except for the
‘months of May and June when rainfall exueeds evaporahon in coastal areas running from Lamu
Island to Witu, evaporatlon is generally !ngher than ramfall m ail olher areas throughout a year.
Difierences between evaporatlon and ralnfall are Iargerm the January March dry season and the
July—September transntlonal season in both the Tana Rwer Delta Area and the Ranching Project
Area. It means that the Tana Rwer Delta Atea rs subject to dmught hazards except ‘tharing the
- rain seasons, whercas tne Ranchmg Pro;ec! Area is plagued by dmught all year ronnd

) N
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l-2-3 TEMPERATURE

Meterological observation dafa weré obtained from the Lamu station inside :he"sludy arca and
from the stations at Malmd1 and Hola outstdc but in the v1c1mly of the s{udy area, and they are
shown in Table iL- l

Lamu and Malindi are both located on the':coz:a'st and the tempetaiﬁres_ a—t fhesé two stations are
very similac. Hola is ft.lrther"'ihland and approximately 15 kni noﬂh_ fqdﬁl the Stlide area. When
temperatures at Hola ér_c' compared with those of Lamu and Malindi; it can be l_lolfed that the
maximum tenlperaitlres; are 3° — 4°C higher and the minimom temperatures 1° — 2°C lower at
Hola. In other words, the Biffé:e’nces in temperatore al Hola run to as much as 4° — 6° over the

coastal area.

At each station, temperatures are higher in February —-March and tower in Juneﬁ}\ugust, showing
a similar tendency in annual variation It is assumed, therefore, that temperatures at the coastal
zones of the sludy area are very snmllar to those of Lamu and Matindi and by the same reason,

the inland areas nor!h of Garsen and the Rénchmg Pro;ect area are comparable to Hola.
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< Table -1 - Average Monthly Temperatires at Lamu, Malindi, Hola = . =

R

STATION

> * Lamu (1960-1970) * || Matindl (19621970 " " Hole (1966-1970)
ﬁé‘ | . : - Fnaee N PR L
4 . .
< _ _
MONTIT G MAX | MIN [MEAN | MAX | MIN |MUAN || MAX | MIN [MEAN.

Januvary  30.6°C| 24.3°C| 27.5°C || 30.5°C|22.8°c 1 26.7°C || 34.6°C {22.3°C| 28.5°C
February [31.2 (247 (280 | 310 231 [27.1 | 356 |220 |293
March 321 |256 |289 321 240 (281 | 352 1238 |297

April 307 (252 {280 {310 [239 [275 | 335 |236 286
May 88 |243 |[266 [ 288 [232 260 [ 323 |2204 |274
June 280 |[23.4 |257 1 279 [222 ({251 303 |205 |254
Tuly 213|229 |25 274 |21.8 |[246 30,7 {199 |253

August 275 |23.0 253 274 |21.5 24.5 31.1 _2_0.0 25.6
September (280 [233 1257 | 284 [21.6 250 | 322 [202 |26
October  §29.1 241 266 § 205 222 259 [ 338 |222 [280
November 304 {244 [274 | 305 |226 [266 | 336 [229 |283
December 308 1245 [277 [ 308 {231 |270 [ 340 |224 |282

Year 205 241 |268 | 296 |227 |262 | 331 |219 [275

(CLIMATOLOGICAL STATISTICS FOR BAST AFRICA PART-1 1975)
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-2-4 AGRO-CLIMATIC ZONE

The Kenya Soil Susvey (KSS) provides for -what is termed “the agro-climatic zone™, a combi-
nation of moisture availability zone and temperature zoné, and regards it imporfant in
cons_ide';ra:t_io'n of é.griéultural pot:ent_ia!.‘ T l_}é agro-climatic .zone and its 'featil:res are given 'in
Fig. il;2_9 and 'fab_le If-2 respectively. o . ' ‘
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1l-3° GEOMORPHOLOGY AND GEOLOGY

The study area 1s dmded into three by geomorpholocvlc and geologlc features nameiy, the
Fundisa Hill Atea to the south of the center, the Tana River Delta Area to the east, and the
Ranching Pm_:ect Area to the west, ('lhe Tana Rives Della Areéa and the Ranchmg iject Area as
described below shghtly vary in areas from those defined i in Fig. NII-1.)

The Tana River DeIta Area consists ol' alluvial plams of the Tana Rwer runmng in the center and -
terraces on the left (east sxde) and the right (w est - southwest sndc) banks of the river. The allwvial
plains of the Tana River are comprised by low and wet flood plains and dry natucal levees
extending along the river route. Dunes (1clative heights of 10 m — 70 m) occur on the coastal
area. Old dunes are distributed over the térraceé on both sides of the altuvial plaih§ of the Tana
River in several belts nearly parallel to the present coastline. Towards the coast aré raised coral

reefs.

The terraces on the left bank are less than 60 m in elevation within the study area sloping
towards the sca and form valley bottom lands due to water flows dl_m‘ng the rain seasons. Dunes
are observed in the coastal area. The tefraces on the right bank include fans adjoining the Fundisa

Hill to the south and low flat coastal plains in the coastal area.

Fuadisa Hill is mildly undutating hill of Tertiary sediments ranging in elevation from 100 m to

150 m dissected by dendritic drainages.

The Ranching Projéct Area is comprised by extensive mainly Mesozoic f)lains' of 150 m to 200 m
in elevation. Hs :wester'n half is flat peneplain, whercas the sdﬂtﬁerh and eastern ‘portions are
bottom lowlands formed by dendﬁtic valleys retaining original un'dulating s'hal'lijw surfaces
extensively. On those o_figinal surfaces e_xist residual hiils_(;e!ative_ heiéhts of 20 m — 9i0 m) due 16 '
erosions of Dakadima, Hdshingé, Dakawach_u, etc. sc:ittéredly along the norfhﬁves{ — southeast

direction, surrounded by mild Siopcs éoxhposed of debris. Dakabuko (clevation: 354 m) in the

south has a nearfy flat top bounded by searp _wilh relative heights of 80 m — 150 m to the wesl.

The Tana River is the only _permahéﬁt_ river in the study area. It flows southward meandering
through the eastém 'ha-lf of the sti;dy area and t_tl[:xiﬁ'g Qaﬁﬁ’ard downstream to go into the Indian
O'cea_n. Such other rivers as Gandi and Buna, that représent the hjrdrollogy of the eastern half of
the Ranching Project Arca,-aré'seaziona! rivers. The Galana River to the south of the study area

running eastward is a permanent river,



Il-4 VEGETATION

The study area is ‘d_ivided by dolﬁinaht vegetation species into three, namely, the Tana River
Délta Area, the Fundisa Hill Area and thi¢ Ranching Project Aréa. ' -

The Tana River Delta Arca, having in the coastal area on the Indian Ocean, mangroves, Bushland,
Shrubland "and Grassland dominantly charatterized by species unique to this area; is further
divided into three by featuifes of the inland .'s'id_c vegetatibn.- Naniely,- the left bank (cast side) of
the Tana : River is covered iikid'ely'by— Forest and Wooded -bushland which is considered as

stcondary forest ha‘ving‘ some climax _fo:ests with trees reaching 30 m in height, wiiereas most of
the right bank (west — southwest side) s C(‘Jvé_'red by B;ishland.“The' flood plains of the Tana
River in.the centrat part of the area are mainly Grasstand. Am(mg Forest and Grassland above,

there are quite a few types that are found disiributed'only in the Tana Delta River Area.

The Fundisa Hill Arca is mostly covered by Forest. The Ranching Project Areca’is mainly

Bushland though the céntral part has extensive distributions of Bushed grasstand or Grassland due

to such artificial causes as ficld burning. -

-3



-5 SOIL

In.term of soil 'dislribl'tt,ions_ which come under strong influence of geology, landform and
- drainage, the study area is divided into the Tana River Delta Area, the Fundisa Hill Area and the

Ranching Project Area.

In the east of the Tana River Delta Area, Cambisols and Arenosols are mainly distributed.
Calﬁbi_sqls are, found undcr Ithe forest near Pandanguo, and Arenosols are widely 'distr_ibiltéd i
the'fenacé’_ around Mkunumbi. In the alluvial land of the Ta.ha River two types of soil are dis-
_ t_riblltéd. Vertisols are developed in the i}lacé where the flooding occurs frequently, and Fluvisols
.are de"veloped on the little higher place than Vertisols are. The western part of the T_aﬁa River

Deita Area sees a wide distribulion of Solonetz.

At the Fundisa Hill Area Cambisols which is strongly calcareous and moderately sodic ate mainly
distributed. -

In the Ranching Project Area the distribution of soils is simpler than that of the Tana River Delta

Area. Luvisols develop on the Triassic sediments and Solonetz develop on the Pleistocene river
sediments. '
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-6 LAND USE

(1) Population and Settlement _

Populated parts of the study area are dsstnbuted on the natural leVees along the ’I‘ana vacr

the tertaces to the east of the Tana River mouth the ii!ands and the southern part of

Fundisa Hill. These are areas fa\oured by climatc and aC‘qultEGll of water. The population
: total 88 000 '

. The largest town in the study area 1s Lamu, a tounst cenlre on the east coast of the Lamu

Island with a. populatlon of 8, 394; Olhcr major settlements include Mokowe (popu?at:on

1 554) on the contmental coast with a terminal for ferry connéction with Lamu Garsen

(popu]ahon 1007), a trafﬁc centu on the west bank of the Tana River;, and Witu

(population 2,288) located belween Garsen and Mokowe. Popu!atlons were quoted from

. Kenya Populatlon Census, 1979,

(2) T:‘ansportation :

a.

Road

B (Nationat Tn_mk Road) Route & r'onning from Monibasa to Gatrissa goes through the

. Tana River Delta Areg in the north-south diréc_tio'ﬁ from the coast of the Indian Ocean
- ‘along thc'w’esfern ‘edge of the Tana River. At Garsen, it branches out to the east as C
_ (Primary Road) Route 1 12 reaching Mokowe by way of Witu, Those are thé'tru:nk roads

in the sludy area. Though unpaved, they have fegular bus services. C 112 is connected
by feny semccs as it crosses the Tana River,

=T hér’e‘ afe su’cﬁ o(her ’roods:Colmecti'hg"settlemeﬁfs as"D"'(SeCOndary) and B (Minox and
. Track) roads and not a fow of these. beoome impassable durmg the rain seasons. In the

Ranching Project An,a there 15 ‘a relatnely well deve!oped road né¢twork though the

mads are not paved.

Adsstrip

- Thero'io'ah-aifstrip' on _Mandarl's_lahd to the cast of. La_m}l_.-_'lt_ has a ferry connection 10

La:im. -At major sci_tlém__ents ']'ike:Gzir'sen, Wi_!u, MokeIWé,' Mkunumbi and also in the

: R_anching Projec_'t Area, there arq airstrips for smalf private airofaft.

a3



(3) " Industries and Land Use
| a. Cultivaled Land R
There are plantations of coconuts, iﬁangos', cashews, on the terraces in the cast of the
‘Tana Riveér, Lamu Island, and Fundisa Hill in the south, and those of bananas along the

_ ‘ Tana River.

Otlier cultivated fand includes a lasge scale plantation settlement at Mpeketom on the
eastern terraces and small scale rice paddies scattercdly afong the Tana River. There are
- cultivated lands in the vicinity of every settlement raising maize, cotton.

b. Livestock

In the Rm_lch_ing Project Asea is the Galana-Rahch which gets water supply from the
Galana River by’ means of pipelines as wetl as frbm under the ground. In the Tana River
D'el_ta' Area, there are rangelands r‘aising cattle. They rely on rains for most of its water
~ needs. During the dry season, they tum to the flood plains of the Tana River for water

and grass,
.¢. Timber and Ch_arcoal

As a major timber resource, there are mangroves in the coastal area. In the settlements

..on the terrace charcoal is produced.
d. Tourisin
.+ Lamu atfracts a sizeable number of fourists as a unique tourist place with its Arabic type
. town. On the coast of the '.ln'diah Ocean, east of the Tana River mouth, including the
~._islands of Laimu and Manda, there are ruins of historic settlements. :

¢. Salt Field

_ There are sun-dry éa!l ﬁel(_is lacated on the sandflats in areas from the southern end of
.the Tana River Delta over to the southern coastal area. .~ -
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Bl. RESULTS OF STUDY

The study was performed in the following procedure. (Refer to the annex for lnlplementatiéll
and methodotozy of the Study.) '

Reconnaissance Survcy .
A reconnaissance Survey of the entire sludy area was conducted to set cntena for study and

policy for subsequent phases of the study.

Preliminary Photo !ntérprelation ,
IFor each theme of the study, photo interprelation was performed based on the findings of
the reconnaissance survey, ¢xisting documents and other information, and interpretation

maps were compiled on 1/50,000 scale topographic imaps.

Field Survey
In addition to the ficld observations, auger bosing, vegetation sampling survey and other
necessary surveys were conducted and based on the findings the interpretation maps were

corrected.

Thematic Map Compilation
Based on the findings of the field surveys, the interpretation maps were further substantiat- .
cd by final photo interpretation and compilation manuscripts of the thematic maps were

prdduced.
Drafting and Printing _
Based on the manuscripts, each thematic map was finalized and printed in accordance with

the specifications. The indéex of the thematic maps produced is given in Fig. I-1.

The aerial photographs (scale: 1: 60,000) used above were those taken dusing 1977--1979 and
the tépographic maps (scale: 1: 50,000) used as bascs were those published in 1981.
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I -1 GE'L()L'OGY

Gco!ogy of thc study area had been pathally studled by L AJ. Wllllams (1962) and R.G. Dodson'
(1966). While referring to their study resulls, geologlc data were aoqulred by conductmg auger
bormg as well as outcrop obscnrauon on the basns of the mterpretatlon maps Electric prospectmg
was conducted in lhe Mkumumb: area in lhe eastem part of the Tana River Delta Area and’ parts

ol' the Ranching Pro_;ect Area

The legend items of geology for the study area and the schematic map of geology are gigen in
Table -1 and Fi lg -2 respectwely The study results for Fana Rner Delta Area and Ranchmg
Project Area were ade mto 1150, 000 and | 1100 000 scale: geology maps (biue prmts)
respectively, Wlth respect to the Tana Rm‘:r Delta Area they serv cd as basis for surface geoiogy
and soil mapping (scale: 1/50,000).

ME-1-1 TRIASSIC (Tr,)

With llght yellow medium grained sandstoncs as a major component this is compnsed also by
dark gray — reddish brown shales and gray - reddish brown cong!omerates It coiresponds to
R. G ‘Dodson’s (!966) Duruma Sandstone. It is disfsibuted in the western half of the Ranching
Project Atea and except for the remdual hllls of Dakabuko and Dakadima, mostly oovered by
Pliocene (Pl )and Plexstocene (Pi ) whlch are refe:red to later,

Stmclurally, 1t presentsahomodme wnth stnkes and dlps of N2S°E IS"SE at Dakabuko,
N20°W 10°Nb at Dakadnma and N10°\V 2S°NE at Late Hiil.

D-1-2 JURASSIC (Ju,)

Distributed in the castern half of the Ranching Project Area, this cotresponds to L.A.J. Witliams’
(1962) upper Jurass_ic dgpdéits. it has few outcrops. Core observations by auger bdring shows that
.il is composed mainly of calcarcous sandstones and congfomerates. 1t contacts the lower Triassic
at its basal conglomerates in uncomformity and partiatly in faults. Structuratly, it is assumed to
have an eastern homeocdline. | '



Table 11 Legend Items of Geology AT VR
Geological Age Symbot Efplanatibn
Rey _Al:!uvi_al deposits; silts, sands and clays .
Re, | Beachsandsand muds of the cbqs:t;il crecks '
Recent : R
Re, Dune sands
Re; - Fan deposits; clay: sands and gravels :
Quaternary - NApAARANAN . Uneopformity ~ i nnneanaannan
Pty Dld duqe s;a_nd_s
P, Raised coral reef
Pleistocene Pi, Lagoonal calcareous sandstones
Pi, Lagoonal sands and clays
Pt ‘ P]elstocene river'sediments; sandy clays, sands and gravels
— ; Unconfonmty AR Y]
Pl, .. |  Pliocene marine sediments, sandy play; and bright red sands .
. Pliocens — _ -
Tertiary ) ' Pl Phocene mer sed:menls, gray sdty sands and gravels
: — MW\MAMMJ\N\AW Unconfomality
s . Miocene sediments; limestones, calcareous sandstones and -
) Miocene VM.?’ clayey sandstones . _
W Unconfomuly <
Jurassic Juy n urassw sediments; calcarcous sandstones and conglomerates
e Unconformity ~~rnnnrrmnAnsna
Triassic T

Triassic sediments; sandstones, conglomerates and shales
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Di-1-3  TERTIARY -
(1) * Miocene (Miy )
: Composed mam]y of lnmestones contammg large. amounts of f()ss:hzed sea shells and
' fOramlml'eras accompamed by calcareous sandstones, thls is dlstubuted in l*undlsa Hlll and
Minjira Hali to the south of Garsen The hmestones are yellowxsh Whlte and acodmpamed by
‘red ‘soils. It contains ' fossils ‘of mollusca, gas‘topods furamlmferas as wdl as corals and -
: sp:kesofSea urchms ' ' '

. (2). Pliocene (altuvial sediments - Pl ) -

Consistmg of gray silt grave!s, tlus is dis!ributed in the La!e Hlll area and east of Dakawachu
~inthe Ranchmg iject Area. From its facnes it is asured allu\nal

»;,{3) Pliocene (Inarin_e sédinients i Pl,‘ Yoo
Cc)nsnslmg of dark brown “datk’ olive gray sandy ciays, this is dlstnbuted east and west of :
‘ .Fundlsa Hill. From 1ts facias it is assumed marine.
HI-1-4  QUATERNARY
(1) Pleistocene (altuvial sediments - Pty ).
-Thls conslsts of dark g,ray sandy clays and reddish bmwn sands as major compt:nents
accompamed by pebble bed; It oceurs in areas at the foot 0!‘ Lale Hlll fanrimg out to east.
From |ts facies 1t is a5sumed ﬁu\nal
(2) - Pleistocenc ua_gooﬁag sands, clays - Ply) -

. _Consnstmg of dark gray dark brown lagoonal sands and c!ays thls is dlstrabuted nonh of
Fundlsa Hill only.
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Pleistocene '(lagoonal _calcér’eq:‘ms sa_ndst'ones —Pty)

This consists of light brown — gray white éalcafe{‘ms mediuni to coarsé grained saf_ldst_ories.
Lantinae and sand pipes are well developed. Tt is distributed north of Fundisa Kibaoni and

- southeast of Mpeketoni'._ T
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(5)

(6)
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Pleistocene (Qoia_l.li_liles_tdiies = Ptg)

'Cdnsiéting of li'ght' yellowish brown — reddish brown conglomerated' or 1ayétéd coral

Inmestones it is dxstnbuted west of Kurawa small terraces from Wltu to Kipini, east of

_ Mpelcetom south of Hmd; and Manda Island. The: llmestones contain fossils of sea shells,

‘spikes of sea urchins in addltlon to corals.

Pleistocéne'(old dune sands :- Pty) -

Coﬁs"zistiﬁg'of dérk bré\ﬁ: . 'dafk olive gray fine to coa'rSe gréined sands, they occur méinly

~in small terraces and mlcro lehefs Old dunes are dlstnbuted in the north-south direction

- neat Fundisa Hill,: noriheast-southwest at Ngao eas{-west at Wily, and northeast-soitthwest

in the nmlh\west of Mllnol
Recent (fan‘dep‘osits _ Ré;) |

Consnstmg mam!y of dafk gray sandy c!ays aceompamed with round gravels lt is dlstnbuted
east and west of Fudlsa Hlll

R.e_'cent (dune sands +~ Re, )

: Cons:stmg of ilght yellow - hght ohve [‘ ine to coarse sands, they occur in paraltel to the

present coasthne

Recent (beach sands and muds of coastal creeks — Re,)

: :'Bea’ch 'sa'nds 'coné-ist of w!ﬁte’— light YGIIOWiSh white fine to 'éoérsé ‘sands and fbrm the

o _ presént coasts. Muds of coaslal creeks consist of black - dark brovm clays and mdzcate_

.relatwely ca!m env;ronment for sednmentalmn l{umlc layers ate developed where

EE mang:oves grow.
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(9) . Recent (alluvial deposits; silts; sands, clays — Re)

- Consisting of light yellewiehlgr‘ay = dérl(‘ bro"w'n.—# dark gray sands, silte and clays, this i-s
widely dlstrlbuted along the Tana Rwer lt also accurs on a smaller scale in valley bottoms
and lowland of Gandl Adadi and Blma Rn'ere

M-1-5 GEOLOGICAL HISTORY AND STRUCTURE

Geological slructure of the study afea. is not clear due to the lsmlted presem:e of outcrops The
basement of the. study area:appears:fo be composed of: the Tnasstc deposnts and the Jurass:c

: depo::ts adjommg in uncomformlty and has 4 homocline slepmg generally northeast or east.

(‘retaceous and catly ’lertlaty deposits are not oonﬁrmed as existmg in the coastal area of Kenya.
s assuimed therefore that the basermént was l‘alSEd around those penods and eroded to form
a homocllne structure

Durmg the mld Tert:ary, Mnocene sediments were develbped arOund l*undlsa Hill. And i in the late

: Tert;ary, alluwal sediments and marine sedlments were developed in the Ranclnng Pro_lect Area

-and Fundisa Hill respectlvely. At Fundisa Hl_ll, iwo or three _tlats of what appears hl_ce dep_osmonal

surfaces of Pliocene mafine se'_diménts were ebser'ved_ to indicate _ir'tte:_mﬁt'tent apheavals had taken_
. place..

Durinig the _Qu_ate’ma’ry, aclive erdsion took place west of Dﬁkabliko in- the R'anehittg Pfdject Afea'

to cause fluvial Sedilﬁ"en-ts'of the'Pleiétocene' areund l)ékabtilcd'-' l'*‘t;hdisa lagbetiel sands, clays,
-calcareous sandstone depomts in the Tana River Delta Area, and coral reet‘s formed Furthermore
‘during the Alhmal penod Sand dunes and ﬂuwal dep031ts of the Tana Riter we;e formed

Ltttle is known about detazls ot‘ fau]ts and folds m the study area LA I Wslhams (1962) noted a
_' Kazak;m fault runmng north from south of the study area But it was not based on actual
: "observation of any geQIOglc or geOmotphologle features to support the presence of faults In'the
. course of our suwey, there Was nothmg dlscovered to prove the existence of any l'ault and .
-thetefore it was asumed that there actually exlsts no l(azakml fault in the study area.’

‘LA 3 W:llrams (1962) also pomted out the possnblhty of Duruma sandstones l“omlmga synehne_
belween Dakabuko and l)akawaehu But there are few data avallable to prove it and 56 th:s is no '



moﬁ:‘ tlla_ﬁ a possibility. With respect to his‘és_sumptioh of anticling in the F‘u’_ﬁ’diéa ‘area, there ate

few data and it is considered that thers Is ittle evidence to support his suggestion.

n

H-1-6 ECONOMIC GEOLOGY

Groundwater:

Water supply is a very serious problem in the coastal regmn of Kenya. The Tana and Athi
Rivers serve as lmporiant sources of water supply, But i in areas w;lh 10 access to these uvers
water holes and “groundwater aré rehed upon. In order to sunrey the presence of shatlow
groundwatcr (less than 50 m in depth), electlc pospectmg was performed - at . typacal

locations.

Measurements were taken ‘by the Wenner Mcthod w1th electrode mtervals of 0. S — 50 m.
Analysis was made by means of visual obscn'ation and the standard curve method ¢ombined.

The underground structure was examined by perl‘ormmg layer cornpansons based on the

.. resistivity method and resxslmty of !ayer

In the .Tana Rwer Delta Area prospectmg ‘was- perl‘otmed at 19 locations south of

o Mkunumbi Asa result it 'has been found that there Is no constant shallow groundwater at

Mkunumbi Whereas in'the Ranchmg iject Area, prospcclmg was performed at 4 locations
in the central part. But there has been found no permanent distribution of shatiow ground

"~ watef in thls area, -

@

li'

. From thése results and aenal photo mtcrpretalion, 1t is cdncluded that there is htlle pronuse'

of 'shallow groundwater in the Tana River Delta Atea and the Raﬂchmg iject Areaas well

'exccpt for arcas near the main stream of Tana Rwer Hadu aud se»eral locations in the
-Ranching Project- Area P ' ' ST

Agg:egates .

Coral lnmstones are ¢rushed at locations west of Hmdn, Wltu, and Kurawa and made ava:lable

for wide use as aggregates for rcad conslmctxon Lagoonal calcareoué sandstones ate g

':fi__quamed south of Fundlsa Kibanom Garsen and used as. matenals for cml engmeermg '
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(3) Ilmenile

AS LAJ - Williams (1962) noted ﬂle ‘beach’ sands on the lndlan Ocean cOast contams
; ﬂmemte But due to nts poor quality, it’ 1; not cOmmercnahzed
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