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ABSTRACT
Touber, L., 1990.Landforms and Soils of Turkana District, Kenya; a site evaluation for rangcland
use.Wageningen (TheNetherlands),The Winand Staring Centre.Report 41.63p.;7figs.;6tables;
1 map and legend; 3 annexes.
Within the framework of the Range Management Handbook Project, Kenya, an inventoryhas been
carried out of landforms and soils of Turkana District at a scale of 1: 1000 000.It concerns a site
evaluation for rangeland use, which is based on a limited amount of field observations, and relics
heavily on visual interpretation of satellite imagery. The physical data of landforms and soils are
interpretedforaspectsofprimaryproduction(fertilityandsoil-waterrelationships)andformanagement
aspects (erosion status and -hazard;accessibility for livestock; flooding hazard; possibilities for the
construction ofdamsandwaterpans).Attentionispaidtolocalnames(Turkanalanguage)of landforms
and soils.
Annex I deals with the organisational and logistic aspects.
Keywords: Kenya, Turkana District; Landforms, Soils, Range Management, Satellite
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1 INTRODUCTION

TheRangeManagementHandbookProjectisacollaborationproject betweentheMinistry
of Livestock Development of Kenya and the German Organisation for Technical
Cooperation (GTZ).It aims atthe inventory ofthe potential for extensive rangeland
useofthedrynorthernandnortheasternregionsofKenya,throughstudiesonclimate,
landforms, vegetation, soils and hydrological and socio-economic aspects.
It isthe purpose topresent theresults of these inventories per District in the form of
1 : 1million scale maps and their interpretation. Maps and reports should be easily
intelligable to staff of the extension services andplanningdivision ofthe Ministryof
Livestock Development.
TheWinandStaringCentre(formerly STIBOKA)alreadyparticipated intheinventory
of landforms and soils of Marsabit, Wajir, Mandera, Samburu, Baringo and Isiolo
Districts. The present report deals with the landforms and soils of Turkana District.
Aswasthecasewithformer districtsurveys,thepresentoneisbasedonsatelliteimage
interpretation andarestrictedamountoffield observations.Fieldchecksweredirected
towards the assessment of range potential rather than towards the execution of a
conventional "multi-purpose" soil survey. Hence it ispreferred to use the term "Site
evaluation for rangeland use" as subtitle for these land inventories.
Acknowledgements are contained in the mission report, Annex I.

2 METHODS

2.1 General
Survey methods have been described in a separate volume, dealing with the general
approach to small-scale inventories of soil and vegetation resources in the context of
theRangeManagement Handbook Project (Touber, 1988).Aspects ofthis methodology,
as far as specific for the present survey, will be only dealt with here.

2.2 Materials
All existing previous studies concerning the area were consulted as much as possible
during the interpretation of satellite imagery. These comprise mainly the Exploratory
SoilMap ofKenya (Sombroek etal., 1982)and all available geological maps andreports.
The literature listcontainsthese publications. Inthe framework ofrehabilitation projects
in Turkana District, various resource surveys have been carried out recently (Adams,
1989; Amuyunzu, 1988; Ecosystems, 1985; Norconsult 1990).
When preparing field surveys,much emphasis isgiven to the interpretation of remote
sensing material. Usewasmade of 1 : 500 000scale Landsat Tematic Mapper images
taken during the months July/August 1985 and 1986. A 1 :500 000 scale map was
drawn, showing landforms as interpreted from this satellite imagery. Inaddition to the
rather outdated 1 :250 000scaletopographic sheets oftheSurvey of Kenya, information
on the location of oil company exploration lines was used.

2.3 Survey activities
Field survey took place in September and October 1990. The number of actual field
survey days that were spent on field data gathering amounts to forty. A total of 150
observation points were established, at which points both the soil surveyor and the
vegetation scientist recorded theirdata simultaneously. Apart from recording field data
atthesepoints,vegetation and soils were viewed while travelling between points.Fig.
1 gives these locations and a reliability diagram. It may be clear that not all
landform/soil/vegetation types have been covered by field visits as one would judge
necessary for a 100%reliable description. This ishoweverinherent tothescaleat which
the Project operates, and not in conflict with the planned projects output, which calls
for a general overview of the natural resources of each District.
The vegetation scientist interviewed local people, knowledgeable as to plant species
and theperformance ofthe rangeland. Vernacular soil and landform names were collected
by the soil surveyor, using the same procedure.
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During the survey two reconnaissance flights were made over the District, in order
to view areas that were inaccessible.

2.4 Map and report preparation
Map and legend have been prepared according to the standard procedure as described
in Volume IoftheHandbook. The 1 :500 000scale satellite image interpretation map
has been corrected and amended according to the field data. The final basic document
is a landforms and soils map at scale 1 : 1000 000.
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3 SURVEY RESULTS

3.1 Summary of landforms, rock types and soils of Turkana District
The arid climate ofnorthwestern Kenyaisone ofthedominating factors that have shaped
and developed its landforms and soils.
Underaridcircumstances,thesocalledphysical weathering ofrocksprevails;i.e.rocks
are desintegrated by mechanical forces (heating, cooling; swelling, shrinking) rather
than by chemical processes (solution, alteration of minerals). The latter play a much
reduced role, due to lack of rains.
"Skeletal" soilsprevail,i.e.soils that arerocky, shallow and stony and/or contain much
gravel, sand and stones.
Strong and dry winds dominate under these climatic conditions. Going east, towards
lake Turkana, wind erosion and deposition become increasingly important land
characteristics. Dune formation takes place at present, and has happened in the past.
Wind erosion has alsocontributed tothedevelopment ofdesert pavements.This concerns
a relatively stable "end-stage" in erosion, which is easily attained on skeletal soils.
Tertiary volcanic rocks are most widespread in Turkana District. These rocks consist
of hard erosion resistant basalts and the usually softer, stratified pyroclastic rocks (ashes,
cinders).Metamorphic rocks ofthe Precambrian Basement Systemprevail inthesouthern
half of the District, and along the Ugandan border.
An important part of the District is covered by unconsolidated sediments, which are
partly lake deposits of a formerly much larger lake Turkana.
In these sedimentary areas, dune formation is a common feature.
The Landforms andSoilmap(SeeAnnex infolder) separates thirty onedifferent types
of land.
Tosummarize thephysiography oftheDistrict thefollowing major groups of landforms
should be highlighted (See Fig. 2).
a. Mountains and high-level uplands developed on volcanic rocks.
b. Hills,uplands,dissected and non-dissected piedmont plains developed on volcanic
rocks.
c. Hills,uplands,dissected andnon-dissected piedmont plains developed on metamorphic
rocks.
d. Sedimentary plains and floodplains.
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a. Mountains, developed on Tertiary volcanic rocks,have a steep rugged topography
with largely rocky and shallow soils (Mapping unit 2: MV). These contain part of
the dry season grazing areas.
Within these mountain ranges, high-level uplands and top - regions are separated
on the 1 : 1000 000 scale map (Mapping unit 8: UmV). These are situated at an
altitude of over 1200m,and fall mostly in asub-humid (to semi-arid) climate zone.
They are the most important dry season grazing areas, in somuch as they are
accessible.The LoimaHillsforest isincluded inthisunit,butnot typical ofit.Open
wooded and bushed grassland is more common.
b. Hills and uplands developed on a complex of basalts and partly unconsolidated
pyroclastic rocks form a steep to rolling topography. The hills have mostly bare
rocky and stony soils .The uplands have shorter and gentler slopes, exist mostly
of unconsolidated ashes, with a dense surface layer of stones and gravel.
Around thesehills and uplands extensive piedmont plains have formed. An important
separation is to be made among these very long and gentle slopes: Older piedmont
plains that have been subject to erosion and dissection, have acharacteristic desert
pavement, i.e. a cover of residual black basaltic gravel (mapping unit 12: YdV).
These dissected piedmont plains, like the uplands and hills, show an almost bare
surface, whereby all vegetation concentrates along the incised drainage lines.
Theequallyextensivelower level,youngerpiedmont plains bearshallow tomoderately
deep dark clay soils over unconsolidated pyroclastic volcanics (and/or older lake
bed deposits). Here Acacia reficiens shrubland prevails, together with Duosperma
dwarfshrubs.
c. An analogous sequence of landforms has developed intheBasement System rocks.
Hills (Mapping unit 3:HU)have steep irregular slopes,that largely consist of rock
outcrops.Thesehills aresurrounded bypiedmont plains and low uplands (Mapping
unit 19:PdU) which are dissected by adense network of numerous drainage lines.
Soils are absent, or very shallow, over weathered rock, and have a surface layer
of white angular quarts gravel ("desert pavement").
Alsohere thesoils are(over large partsoftheunit)practically devoid of vegetation,
except for the shrubs and trees along the incised drainage lines.
Downslope ofthisdissected older surface, younger piedmont plainshave developed
at a lower level (Mapping unit 16: YU). These exist of deep sandy and loamy
sediments, that support mostly a dwarfshrub vegetation (Indigofera) and that
incidentally havethe potential tosupport Sorghum shamba's indownslope position.
d. Large parts of Turkana District are occupied by almost flat extensive plains of
sediments of various origin.
The Lotikipi plains contain the local drainage basin for most of the northern half
of the District. The Tarach, Oropoi, Anam and many other rivers drain into these
plains. However their waters (apart from the Tarach) normally do not reach the
Lotikipiplainsproper,butdisappear intheirown sediments.Sandy micaceous deposits
associated with braiding riverchannels with scattered riverinewoodland and shrubland
form a large part of the plain (Mapping unit 22: PsAl and 28:AA). The formation
of riverine dunes is a characteristic feature there.
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Further downstream these river channels merge into aflatfeatureless plains,devoid
of vegetation (Mapping unit 23:PsA2).
Around Lodwar and along the lake Turkana coast, as well as along the downstream
part of the Kerioriver,extensive flat plains have been formed by lake bed deposits.
SoutheastofLodwaranextensivefieldofratherstablesubrecentdunes(mappingunit
29: D)merges gradually into an areaof activewind erosion and -deposition towards
Lake Turkana and the Kerio river delta.
Old beach ridges and old mud flats are locally clearly recognisable (Mapping units
26 and 27: PIA and PID).
Floodplain and low terraceriverinedeposits arefound along themajorrivers.These
exist ofstratified, fine sandy andclayeymicaceous sediments ofhighnatural fertility.
Thepermanently green strip ofriverineAcaciawoodland that itsupports,features as
a red ribbon along the river course on the satellite imagery.

3.2 Local landform and soil names and mapping units
Asindicatedinthechapteronmethodology,datahavebeengatheredateachobservation
point concerningthelocalherdsmens appreciation ofthesoiland vegetation typeencountered. Also vernacular soil names were collected at each point and the Turkana
wordforthesurroundinglandform.Thesewerelistedagainstthemappingunitsinwhich
the observation took place.
Unlikesurveysinthenorthwestern Districts,itprovedverydifficult tocorrelateTurkana
names with landform mapping units.
Theproblem encountered islargelyduetoanapparent incompatibility between these
local terms and the scale of the survey. It appears as if the Turkana language has a
wealth of terminology for rather minute, small extent, differences within land types
thattheexploratory surveyorotherwisewouldregard asawelldefined, homogeneous
landform.
Agood example for this situation gives the higher level piedmont plains developed
on volcanic rocks.These long and gentle slopes are covered by ablackish gravel or
stonepavement,andaremoreorlessstronglydissected byadensedrainagenetwork.
Turkanahavevarioustermsfortheintensity andsteepness ofthisincision,asthishas
animplication e.g. for the access for camels. Also the type of stoniness/gravelliness
ofthedesertpavementhasavariety ofterms,thatpartlyimplydamagetohooves,or,
on the contrary, an appreciated hoof - trimming function.
Thus,withinthedissected,gravelcoveredpiedmontplains,anumberofTurkanalandform
terms were recorded. Of these some appeared to apply also to landforms, other than
piedmont plains, such as dunes, slightly undulating plains, or even rather relief-rich
uplands.
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Table 1.Turkana landformslsoils terminology
MAJOR LANDFORM

Turkana landform name

Approximate meaningAranslation

MOUNTAINS

Emoru
Emoru ekokonyo
Emoru Iokoyen

Mountain, hill
Black, stony mountains, hills
Mountain-, hill slopes, too steep
for cattle
Mountain range with dry season
grazing

Ng'inya

HILLS

Emoru
Ng'aukon
Ng'aukon a ng'amor kirionok
Aukot
Aukot ataba
Ng'imor
Epeta mugei

Steep, stony hill
Hilly area, range of small hills
-Do- of black rock ontcrops
One small, singular hill
Kopje, koppie
Small, isolated hill, without dry
season farge
Hilly area, black stony slopes

UPLANDS
(AND HILLY AREAS)

Ng'itela
Ng'itela a ng'amor kirionok
Epeta mugei
Ng' ikamukumukui
Ng'achurro
Ng'ari
Ng'ir

Hilly, rolling uplands
-Do- of black rock ontcrops
Black, stony undulating plain
Undulating land, dissected upland
Steeply dissected land
Rounded landforms
-Do- at smaller scale,
shorter distances

DISSECTED ERIOSIONAL
PLAINS;
DISSECTED PIEDMONT
PLAINS;
DISSECTED PEDIMENTS

Ekitela
Ekitela ekokonyo
Ekitela ngasinyono
Ekitela a ng'acharra
Ekitela a ng'akoges
Ekitela a ng'amor
Ng'ikamukumukui
Ng'ikamukumukui a
ng'akoges

Raised, undulating area
-Do- with gravelly surface
-Do- with sandy ridges, dunes
-Do- with many gullies
-Do- with (rounded) gravel
Upland with rock outcrops
Undulating land (dune land)
-Do- with (rounded reddish)
gravelly surface

PLAINS,
SEDIMENTARY AREAS

Ng'aratin
Ng'aratin a ng'amor
Aro

Plain with small undulations
-Do- with black rocky ontcrop
Plain "where one can see far":
flat extensive plain
-Do- with ridges
undulating sandy plain
Flat plain (synonimous with Aro)
Locally: plain with wet season
ponding
Plain with Acacia reficiens
shrubland
Flat area
Flat area with raised land in
distance
Sedimentary area
Rise; swale; where water drains
away
Flat, sloping area
-Do-sandy

Aro nateleng
Aro asinyen
Kalapatan

Kalapatan aregai
Elapat
Apero
Epokor
Etupat
Ngatotin
Ngatotin ng'angasinyono
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Table 1 (cont.)
MAJOR LANDFORM

Turkana landform name

Approximate meaning/translation

FLAT PLAINS,
BOTTOMLANDS

Ng'ataparin

Rat area, dusty in dry season,
ponded in wet season;
"devil's lake", plain of mirages

SANDY AREAS

Ngasinyono
Ngakate lecngoi

Sandy dune soils, sandy areas
Sandy ridge, beach ridge

Table 2 Turkana names of land units/land types according tosoil
characteristics

Turkana names

Soil characteristics

Alup
Ng'arengaak
Echoto
Alup ongora
Ng'arabat
Ng'amor
Ng'atabab
Ng'akoges
Ng'asinyono
Kirionok
Ekokonyo
Apua
Lokhakungon
Echukule

Soil (general term)
Reddish brown soil
Black soil, clay soil
Brown soil
Lava
Stony, rocky, rock outcrop
Bouldcry
Gravelly, stony
Sandy
Black (of stones, rocks)
Black (of stones, rocks)
Dust, dusty
Hard stony surface
Bare soil; no grazing; sealed surface

Table3 Turkana (landform) names according to vegetation type, dominantspecies

Turkana names

Vegetation type

Amoni
Aoi
Atir
Napetet

Dense bushland
Plain with tall, open Acacia tortilis woodland
Wooded bushland of young Acacia tortilis
Alluvial/colluvial downslope fringe of piedmont plains
dominated by Acacia nubica
Plains dominated by Acacia reficiens

Aregai
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Obviously, and naturally, Turkana criteria for landform classification differ from those
in use by the Kenya Soil Survey (KSS). But also, on the other hand, the KSS
classification isdifficult to applytothevolcanic landforms ofthe District,asfor instance
the separation between volcanic hills and uplands and between uplands and dissected
plains seems arbitrary.
It is believed, that a clearer picture of the Turkana landform/soils categorisation may
emerge in more detailed surveys, and by questioning more informants independently
on the same locations.
In order to give an overview of terms recorded, Turkana words are listed according
to major landform categories in the broadest sense. See tables 1, 2 and 3.

3.3 Evaluation of soil properties relevant to primary production and range
management aspects
3.3.1 General
Methods of interpretation of data gathered, are contained in a separate volume (see
Touber, 1988).The system followed is based on the Framework for Land Evaluation
(FAO, 1987).
Which parameters play arole and how these data are interpreted isbriefly summarized
here.
Within agiven climatic zone the availability of soil water and of nutrients are the land
qualities that have a prevailing influence the primary production of rangelands. Land
qualities that are related to aspects of management are erosion hazard, accessibility
for livestock and possibilities for the construction of pans and dams.
Inreality moreparameters areofinfluence ofcourse,butdataonthesearenot obtainable
inthecontext ofthepresent siteevaluation. The land qualities are rated in the following
sections,inordertoestablish acomparison amongthevariousmapping units.The figures
given (ratings) do not pretend to have any absolute value or quantitative connotation.

3.3.2 Water availability
Soilmoisture availability depends onthecourse oftherainfall /evaporation ratio through
the seasons; the infiltration capacity of the surface soil; the available water capacity
(AWC) of the soil material and the depth of the rooting zone.
We will usetheterm Water HoldingCapacity here for thecombined effect of the three
main soil characteristics concerned: Infiltration capacity, AWC, and Rooting space.

20

Infiltration capacitydepends ontheporosity ofthesurface soil,whichinturnis influenced by such parameters as soil texture, soil structure and organic matter content.
Important isthatthe surface soil isnot "sealed". Thisisthecase oncertain soiltypes
thatare"overutilized",andwhereduetotoofrequent grazingandtramplingthevegetation
cover,theorganicmattercontentandhencestructurestabilityandporosityhavediminished.Alowinfiltration capacitycauses(partof)therainwatertorunoff alongthesurface.
Thiswaterwillnotbecomeavailabletothevegetation onthesoilwheretherainfalls.
Available watercapacityisestimated accordingtoitsconnection withthesoiltexture
(see separate volume on methodology).
The depth of the rooting zone may be limited by shallow rocks or an abrupt change
in texture orachange in chemical composition, such as astrong increase with depth
in salinity or sodicity.
Table4gives acomparison amongthemappingunitsconcerningeffective soildepth,
availablesoilwatercapacityandeventualrunoff losses.Acombinationoftheseisgiven
as "final rating", of water holding capacity in a separate column. These ratings are
expressed on the map of figure 3.
Allmappingunitswith stonyandrockysurface havebeenrated oflowwaterholding
capacity. These concern all Mountains, Hills, Plateaus, Uplands and dissected older
PiedmontplainsandLava's.However,theserockyandstonyareasmaysupport,relatively
speaking,in view of the extreme dry climatic conditions, yet an appreciable amount
ofvegetation:thisismainlyduetoanaturalsystemof"waterharvesting";runoff water
from thebaresurface collects indrainage lines,rockcrevasses andbetween boulders,
whereagoodshrubvegetationcandevelop.Also,onstonysurfaces perennialgrasses
may be protected from being extinguished under high grazing pressure conditions.
All landforms with sandy soils,wich donot recieve floodwaters from elsewhere are
rated asmoderateinwaterholdingcapacity:thelowAWC(available water capacity)
iscounteracted favourably bygoodinfiltration rates.Ahealthy,evenlydistributedcover
of Indigofera dwarfshrub is maintained.
A favourable rating has been attributed to landforms with good soil properties, and
that alsoreceivefloodwaters from elsewhere (Mappingunits 15and 16:YPandYU;
parts of 22: PsAl; 28:AA and the low component in 14:YdV + YV2).
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3.3.3 Soil chemical fertility; salinity; sodicity
Themineralcomposition ofthesoilscanplayanimportantroleinidentifying different
types of range land. It is not so much differentiating in amounts of standing crop
expected, but rather in mineral content (nutritive value) of the available forage. The
last column in Table 4 presents a comparison of mapping units as to the richness in
mineral content of the soils.

Table 4 Rating of soil characteristics,relevant toproductivecapacity*
Unit
no.

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Mapping
unit

MU
MV
HU
HV
HsV
HP
LsV
UmV
UV
UU
FV
YdV
YVi
YdV+YV2
YP
YU
YS
PnV
PdU
PsU
PsXi
PsAi
PsA2
PsA3

PsD
PIA
PID
AA
D
La
LaP

Effective
soil depth

Available
water
capacity

Runoff
losses

Final rating
water holding
capacity

Richnessin
minerals

1: large
5: small

1:high
5: low

1:low
5: high

l:high
5: low

1: high
5: low

2-5
3-5
3-5
5
4/5
2/5
3/5
3
5
4
2-3
3-4
3-2
4/3
2
2/1
4
2
4
1
2
1/3
1(3)
1(5)
1
1
2
1
1
5
5/3

3
3
3
3
3
3
3
2
3
3
3
3
3
3/2
2
3/1
3
2
3
3
3
1/4
3
3(5)
4/2
4/2
4
2
4
-

1
2A
3-5
24
4/5
2/5
3/5
2
4
24
2
3
2
3/1
2
3/1
4
2
3
2
2
1
3
3
1/4
2
1
1
1
-

-n

-12

2-A
3-5
4-5
4-5
4/5
2/5
3/5
2
4
4
3
3-5
3
5/2
2
3/1
4
2
4
3-2
2
1/3
3
5
3/4
2
3
1
3
5
5/2

*) a) Figures connected by hyphen indicate a range of ratings;
b)FiguresseparatedbyJ,indicateratingsfordifferent soiltypeswithinoneunitinup-anddownslope
position respectively;
c) Figures between brackets represent inclusions.

3
2
3
2
2
2
2
2
2
3
2
2-3
2
3/2
2
3/1
4
2-3
3
4
2
1/5
2
5
3/4
3-2
3
1
3
2
2
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Restrictionsinproductivecapacityofsoilsinaridandsemi-aridareas,duetochemical
properties,areposedbytoxicity(salinity,sodicity),ratherthanbylackofcertainminerals.
TheSugutavalleybottom(Mappingunit24:PsA3)hasextremelysalinesoils:thesurface
isformed byasaltcrust.Alsopartsofmappingunit22:PsAl haveaveryhighsalinity,
revealedbystandsofthesalt-bushSalsolakali.Highsalinityhasfurther beenobserved
alongtheincisionsofdrainagelinesinmostolderPiedmontplains:mappingunits12:
YdV, 14:YdV+YV2, 17:YS and 19:PdU; and also locally in volcanic Uplands in
the Lokori area (mapping unit 9: UV).
Ratingsofrelativelylowchemicalfertility havebeenattributedtomappingunit 17:YS
and20:PsU,becauseoftherelativelypoormineralcontentofthesoilparentmaterial.
Highchemicalfertility isattributedtoallsoilsdeveloped onrecentlydeposited alluvial
material.Thesecasesconcernofcoursetheriverinedepositsofmappingunits28:AA,
22: PsAl and the downslope component of unit 16:YU.

3.3.4 Erosion
Ashas been explained inthevolume onmethodologies, itisuseful togive ratingsof
the three main types of erosion hazard. In addition, possibilities for recuperation of
thevegetationcovershould beestimated asthisconstitutestosomeextenttheresistance
toerosion.Terminology, factors and criteriainvolved arediscussed inthe volumeon
methodologies.
Table 5 contains the conclusions for Turkana District.
Thedetachment,removalandtransportation ofsoilparticlesisacharacteristic feature
of areas whith arid climatic conditions. In fact the arid climate is the cause of the
vulnerability ofsoilstoeasydetachment:Thereishardlyaprotectivevegetationcover,
and the soils have a very low level of organic matter in the topsoil. Both water and
winderosion and -deposition havebeen,andstillarevery activesincethe(semi-)arid
climateprevailed,ofcourse.Atpresent,however,itisverydifficult toestablishcriteria
bywhichhuman induced accelerated erosioncan beseparated from erosion thattakes
place due to physiographically natural conditions.
Hence,thereisnoattempt madeheretodosuch separation:theratingsinTable5and
on Fig. 5just indicate a relative "instability" of the land under present conditions.
Secondly, as a consequence of intense and long term erosion, several landforms are
dominated by a stony or gravelly surface. This layer of gravels or stones has been
residuallyconcentrated atthesurface asaconsequenceoftheremovaloffinerparticles
bysheetand/orwinderosion.Thisprocesshasadvanced tothepresentstate,atwhich
no material can be removed any more: a "desert pavement" has formed. This,now,
can be regarded as astable "end-stage" of sheet- and wind erosion, as the impactof
rainsplashhasnoeffect; waterandwindcannotremoveanysubstantialamount ofsoil
material. The gravelly/stony surface layer protects against further degradation.

4KA **r fu»-*T«

KENYA
ARID AND SEMI-ARID LANDS

LANDFOIRMS ÂMUSOILS
OF

TURKAWA maimer

fo.S"

S O I L EROSION,

STATUS
" e A / û - 3 T A c ; e " o f SMFer e R ° s < » « ;

_ . -x>o~
U I T « "Piîe•mi.INS
( / / d \A/|ND SreoSlOM *Nt> - t>E?os,Tlt)ll
r

nobeR^rE - 5E/6RE
yAsïi C^ ULL*y EROSION

s n e e r -

M o ^ e R ^ T H SHEET" CjwLi-y fc12oiiQM
S L I ^ - H T - Mot>6rRATIE
= j K E E r ereosiory
- • D û - W(TX P P B M m N ç
VAjINb e î ï o s i o r t ANC, bKf»c«5i"nc>iV

7 J*1u'rfiiMAHemr«>e6r»TioKrTieLO t«r>«y.
-HAP MD Lc^eio CdMPiiAnow: t . r « B « H , *efc-««r. i ^
B*MMA>: U.S.VHfiptmlU. OWtr *<• KtK/AJ»t Ut/Cf ''
I

S '

'

26
Table 5 Rating forms of actual erosion*
Unit
no.

Mapping Sheet erosion Gully erosion Wind erosion Possibilities
Final rating
unit
+ deposition for recuperation (see fig. 5)
1:none.slight 1: none.slight 1:none, slight 1: good
1:slight (risk)
5: severe
5: severe
5: severe
5: poor
5:severe(risk)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

MU
3
4
MV
4
HU
HV
E
4
HsV
HP
2
LsV
3
UmV
3
E
UV
4
UU
FV
3
YdV
E
YVi
1-3
YdV+YV2 E/2
YP
1-2
3-4/1
YU
YS
E/3
PnV
1
E/3-4
PdU
3
PsU
PsXi
1
2
PsAi
PsA2
1
PsA3
1
PsD
1/3
PIA
1
2
PID
1
AA
D
2
La
2
LaP

3
4
3
2
2
1/4
2
2
2-3
2
2
2-3
2
3/1-2
1/3
1/2
3/1
1
3/1
1
1
2
1
1
1
1
1/2
2
1
71

1
1
1
1
1
2
2
1
1
1
1
2
2
2/3
2
2/1
2
1
2
1/2
1/2
2-3
2
2
3^1
3
3-5
2-3
2

3
2
3
5
3
1/3
2
1
5
3
1
4
1
4/1
1
2/1
4
2
4
3-2

n

i

3
4
3-4
E
3
2/4
2
3
E
4
2
E
2
E/2
2
2
E/3
1
E/4
2
1
2
1
1
2/3
2
3^
2
2
-/2

*) A. Figures connected by hyphen indicate a range of ratings.
B. Figures separated by ./. indicate ratings for different soil types within one mapping unit,
in up- and downslope position, respectively.
C. E = "End stage" of sheet erosion.

Mostrainfall willdisappear asrunoff watertowardsdrainage-lines.These are(partly
becauseofthis)deeplyincised.Here,someactivegullyerosioncanbeobserved,working
its way in upstream direction.
"End-stage" oferosionhasbeenindicated asaseparatecategory intheratings ofthis
land quality: it is not relevant to give arating such as "severely eroded" or "highly
resistant toerosion",both ofwhichqualifications would beapplicable.This situation
is indicated by an "E"in Table 5 and Fig.5.
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Areasofstrongsheeterosionconcernallmountainsandsteephillslopeswherethenatural
vegetation is removed (mapping units 2: MV; 3:HU; 5: HsV; and 10:UU).
Ariskfor further gullydevelopment ischaracteristic ofmostofthe(older,high-level)
piedmontplains:Mappingunits 12:YdV; 13:YV1; 17:YS;and19:PdU;andofcourse
of areas of high relief (Mapping units 4: MV; parts of 6: HP; and 9:UV)
Relatively stable landforms asfar aswatererosion isconcerned are most ofthelow
reliefmappingunits:the(younger,lowlevel)piedmontplains,thesedimentaryplains,
lacustrine plains and dunefields.
Winderosionand-accumulationisacomparativelyimportantfeature inTurkanaDistrict.
Deflation andthe formation ofsandripplesand smalldunesisalsocharacteristicand
inherenttoaridareas. Drought,strongwindsand(soil)materialsuitableforwindtransport
(i.e.fine sand,loose,dry clay,volcanic ashes,etc.) arethethreeprerequisites for the
process.Theserequirementsarefully metintheareabetweenLodwarandLakeTurkana,
along the Lake coast, the plains around the Kerioriver,the Suguta valley, etc.Also
inthe caseofwind erosion,itisimpossibletoidentify towhatextent theprocesshas
been enhanced by pastoralist landuse.
Wind erosion and deposition is presently highly active near the mouths of both the
TurkwelandKeriorivers,whereolderdunesarebeingerodedawaybysaltatingsand,
andnew,lowdunesarebeingformed.Alsoinmappingunit22:PsAl andlocallyalong
unit28:AA(Kakuma)activeduneformation takesplace,outoffreshly depositedfine
sandy alluvium.
The rating "severe wind erosion" should be applied only for those situations where
it is clear that primary production is being affected more than it used to be. This is
possiblythecaseonlywherethere-establishmentofIndigoferadwarfshrubcannotkeep
pacewiththedynamicsofdeflation andaccumulation,andwherethissituationisbrought
about by too frequent use of livestock.

3.3.5 Accessibility
Limitations in accessibility aredetermined bysteepness ofterrain forms and surface
ruggedness, because of gullies and/or stones and boulders. Such conditions restrict
livestock movements,limitingthedaily "action radius"ofherds andthusthe actually
available rangeland.
Thelessprimaryproductionperha,thewiderthisactionradiusneedstobe.Thismeans
that for example in a sub-humid ecozone a certain given stoniness (e.g. 30%cover
ofmediumandlargestones)isalessseverelimitationascomparedtothesamestoniness
cover in extreme, arid conditions.
Withotherwords,accessibilityisalandqualitythat"counts"moreheavilyundermore
aridconditions,ascomparedtoconditionsofmilderclimates.Thisaspecthasnotbeen
taken into account in the present rating system.
Apartfrom suchpermanent,yearroundrestrictionsadditionallimitationstoaccessibility
areposed during the wet season byflooding orponding and/or stickiness/muddiness
of the surface incertain areas.Theratings for these land characteristics are specified
in the volume on methodology.
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Areasofseverelylimitedaccessibilityarelargelyconfined toallmountainous andhilly
landforms,includingthehighleveluplands(mappingunits 1 tm8:MU,toUmV)and
alsothe lava's (mappingunits 30and 31: La,LaP).Steep and longslopes,rockyand
bouldery surfaces,deepgorgesandcliffs confine theaccessibility largelytoold fixed
routings of livestock tracks in these units.
Restrictionsinaccessibilityonlandoflowreliefisposedbygravellinessandstoniness
ofthesurface and/oradensenetwork of moreorlesssteeply incised drainagegullies.
Gravelly surfaces areprominent inthedissected olderpiedmontplainsandpediments
(mappingunits 12:YdV; 14:YdV+YV2; 17:YSand 19:PdU).In anumber ofcases
this gravelliness was reported tocause damage tohooves of goats and cattle.Where
gullies are steep-sided, camels are restricted in their progress.
Slightlimitationshavebeenattributedtounitswhereactiveduneformation takesplace
and/or where aloose sandy surface prevails.
Additional wet season constraints due to flooding and ponding of large stretches of
land, are mainly found in the northern half of the District.
TheextensivedrainagebasinoftheTarachandNanamriversnearingtheKenya-Soudan
border,featuresasabottomlandinthecentreoftheLotikipiPlains.Floodingandponding
occurhereinyears ofexcessive rains.Seasonalflooding mayhappen only inthereal
swampy parts that this unit contains (a minor portion of mapping unit 23:PsA2).
Anotherextensivelyflooded areainperiodsofexcessiverainsisthebottomoftheSuguta
valley (mapping unit 24: PsA4)
Localpondingandmuddinessofthesurfaceduringthewetseasonisfound inextensive
parts of the Lotikipi Plains.Itconcerns parts of unit 22:PsAl, most of unit 21: PsX;
and all of unit 23:PsA2.
Thelowerlevelpiedmontplains(mappingunit 13:YV1)aredominated bystickyand
muddysurfaces andsomelocalponding.Muddinessincombinationwithsurfacestoniness
is reportedly a factor in the cause of footrot.
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Table 6 Ratings of limitations toaccessibility*

Unit
No.

Mapping
unit

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

4
MU
MV
3
4
HU
HV
3
HsV
4
HP
1/4
LsV
1/5
UmV
3
2
UV
2
UU
FY
1
YdV
1-3
YVi
1
YdV+YV2 2/1
YP
1
1
YU
YS
3/1
PnV
1
PdU
3/1
PsU
1
PsX
1
PsAi
1
PsA2
1
PsA3
1
PsD
1
PIA
1
PID
1
AA
1
D
1
La
3
LaP
3

Constraints due
to slope,
topography
1: low
5: severe

Constraints due
to surface
rocks, sandiness,
1:low
5: severe

Permanent, year round
constraints
1:low / 5: severe
sheep/ camel cattle
goats

3
4
3
2
3
1/3
4/5
3
3
2
2
2-3
2
2/1
2
1
3/2
3
3

3
3
3
2
3
1/3
2/5
2-3

2
2
3
1
2
5
2

4
4
4
3
4
2/5
4/5
4
2
2
1-3

1/2

3/1
1/4

1/2

2

3
2

4
2

5
5
5
4
5
2/5
5/5
4
2/4
2
2
2-3
1
2/3
1
1
2
3
1/4
1
1
1
1
1
2
1
2
1
1
5
4

Additional
wet season
constraints
-: none
5: severe
3/3/3/-/(3)
(3)
3
3/3-(5)
3-(5)
1/2
73
(3)
-

a. Figures connected by hyphen indicate a range of ratings;
b. Figuresseparated by ./.indicateratingsfor different soiltypeswithinoneunit,inup-anddown
slope position respectively;
c. Figures between brackets reflect situations expected in years of "above average" rainfall.
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3.4 Evaluation of soils and landforms for irrigated agriculture
It isawidespread belief that areas ofthedryNortheastern parts of Kenyacan beput
into some kind of productive arable land, if only an irrigation infrastructure would
materiahze.
As the realisation of irrigation schemes involves considerable investments, the land
mappingunitswillbeevaluatedhereastotheirsuitabilityfor (smallscale) irrigation,
inordertoseewhethersuchinvestmentsarejustified. Requirementsthatareimportant
in the suitability assessment of land for irrigated agriculture are:
- availability of sufficient irrigation water of suitable quality
- low levels of soil salinity, and thepossibilities toprevent increased salinization by
an effective drainage system.
-Soilsofgoodwaterholdingcapacity,andwhichareotherwisesuitableasarableland.
Another (most)important requirement isthatthe localpopulation would beprepared
and able to maintain and manage such irrigation schemes.
Soils should be non-saline and non-sodic.They should be sufficiently permeable to
enableirrigationwatertopercolatethroughthesoils,thuspreventingaconstantcapillary
rise (evaporation!). This would cause soil salinity in the rooting zone.
Landthathasnoobviouslimitationstoirrigationpotentialamongtheirsoilcharacteristics
are:Mappingunit 11:FV;partof mappingunit 15:YP;thedownslope componentof
16:YU;mappingunit 18:PnV and20:PsU;parts of22:PsAl andparts ofmapping
unit 28:AA.
Inviewoftherestrictionsinwateravailabilityitseemsnaturalthatthelattertwomapping
units(AAandPsAl)deservefurther detailedsurveyingfortheassessmentofirrigation
potential.
Allotherlandistoosteepandrocky(Mappingunits 1-6:MU-HsP);havetooshallow
and/or too gravelly and stony soils (mapping units 7-10: LsV -UU; 12:YdV; parts
of 14:YdV+YV2; 17:YS; 19:PdU; and 30:La);havetoo saline soils orhave sous
with ahighrisktodevelopsalinityunderirrigation (mappingunits 13:YV1;partsof
14:YdV+YV2;theupslopepartof 16:YU;17:YS;21: PsX;23:PsA2;and24:PsA3)
orhavesoilsthataretoosandy andpermeablefor irrigation practices (mappingunits
29: D; 25-27: PsD-PID; and parts of 22: PsAl and of 28: AA)
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4 MAPPING UNIT DESCRIPTIONS
Mapping unit 1:MU
Surface area: 702 km2; 1.0% of the District.
Landform,relief:Mountains;longslopes,generallyirregular,slopesteepnessover30%;
relief energy generally over 300 m.
Rock type,soilparent material: Undifferentiated metamorphic rocks; predominantly
gneisses.
Soils: Well drained, shallow and deep, loamy sands to sandy
clay loams of various colours, with frequent rock outcrops and pockets of well
developed A-horizons.
Productivecapacity:Ingenerallow,duetofrequentrockoutcrops,andgenerallyshallow
stony soils. Locally high, where deep soil pockets with well developed A-horizon
occur. These have a good infiltration capacity and chemical fertility.
Erosion status/hazard: Rainfall runoff is anormal feature, inherent to this steep and
rocky landform. Removal of natural woody vegetation has intensified thisprocess.
Thishasalsomarkedconsequences forthelowersurroundingplains(mappingunits
16: YU and 19:PdU).
Accessibility:Severerestrictions forcattleandcamelsduetosteepnessoftopography
and stoniness of the surface.
Obs.: Information inferred from similar landforms elsewhere, satellite imagery, and
from survey flight.

Mapping unit 2: MV.
Surface area: 3229 km2; 4.6% of the District.
Landform, relief: Mountains; long, steep, irregular slopes; generally over 30%;
often of "escarpment"-like character.
Rocktype,soilparentmaterial: Undifferentiated Tertiaryvolcanicrocks,includingbasalts,
rhyolites and pyroclastic rocks.
Soils: Well drained, shallow, very gravelly, stony and rocky, very friable clay loam
of various colours.
Productive capacity: Very low due to the dominantly rocky and bouldery character
of the land, with low soil moisture reserves.
Erosion status/hazard: Due to the steep and rocky landform, runoff and erosion is a
naturalfeature. Soilmaterial ofthisunitissensitivetorainsplash impact. However,
thereislittlesoilleft, thatcanbeeroded:rocksandstonesprovideaprotectivecover
for further severe erosion.
Accessibility:Severerestrictions forcamelsandcattleduetosteepness androckiness
of the terrain.
Obs.:Information inferred from similarlandforms elsewhere;andfrom reconnaissance
flights.
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Mapping unit 3:HU.
Surface area: 1334 km2; 1.9% of the District.
Landform,relief:Singularisolatedhills,orgroupsofhillsandhillranges.Steep,irregular
slopes of variable %.
Rock type, soilparent material:Undifferentiated metamorphic rocks;mostly banded
gneisses, poor to moderately rich in ferromagnesian minerals.
Soils:Welldrained,shallow,rockyand stony,friable loamysandtosandyclayloam,
of various colour; locally over deeply weathered rock; locally with humus-rich top
soils.
Local landform/soil name: Emoru ekokonyo (hills of dark stones); Emoru lokoyen
(hills that are too steep for livestock).
Productivecapacity:Mainlylow,duetoshallownessandconsequentlylowwaterholding
capacity of the soils; this is somewhat counteracted by a fair chemical fertility.
Erosion status/hazard:Soils arepronetostrongsheeterosion.Runoff ishigh,mainly
due to stoniness, rockiness and sealing of the soil surface.
Accessibility: Severerestrictions for camel andcattledueto steepness and stoniness.
Obs.: Information inferred from similar landforms elsewhere.

Mapping unit 4: HV.
Surface area: 2808 km2; 4.0% of the District.
Landform, relief: Moderate, irregular slopes, with moderate to high relief energy in
hill ranges.
Rock type, soil parent material: Undifferentiated Tertiary volcanic rocks, Basalts,
Rhyolites and Pyroclastic rocks.
Soils:Welldrained,veryshallow,yellowishbrown,friable,locallycalcareous,extremely
gravelly and stony clay loam to silty clay loam.
Local landform/soil name:Ng'amor mugeik (black, stony areas);Epetamugei(hilly
area, black stony slopes);Ng'aukon a ng'amor kirionok (black stony, hilly land).
Productive capacity: Mainly low,due to low water holding capacity (stoniness) and
only moderate soil chemical fertility.
Erosionstatus/hazard:Overlargeareas,thesurfaceexistsofcloselypackedstonesand
gravel. This "desert pavement" can beregarded asan "end stage" of erosion; there
is no soil left to be eroded away; elsewhere, deep gullying and/or slumping of
unconsolidated pyroclasticrockiscommon.Itisnotcleartowhatextenttheseerosional
processes are accelerated, human induced, or natural geomorphological features.
Accessibility: Moderate to severerestrictions to cattle;to certain extent to goats due
to steepness, also due to damaging effects of stony surface to hooves.
Obs.: 10,59, 109.
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Mapping unit 5: HsV.
Surface area:2246 km2;3.2%ofthe District.
Landform, relief: Hills ofthestep-faulted Rift Valley escarpments (Suguta Valley).
Complexofsmall,brokenandtiltedtablelands,separatedbyscarpsandsteepvalleys.
Rock type, soil parent material: Undifferentiated volcanic rocks: Basalts capping
pyroclastic (tuffaceous) rocks with interbedded older lava's.
Soils: Predominantly welldrained, very shallow,yellowish brown,rocky, stonyand
gravelly soils of clay tofine sandy clay loam texture, mostly strongly calcareous.
On somewhat larger table lands also bouldery red clay.
Productive capacity: Lowtomoderate,duetovery lowwater holding capacity,and
in spite of a moderate to high mineral content.
Erosionstatus/hazard:Soilsareshallowduetothepredominantsteepnessofthelandform.
Rainsplash impact has little effect onthepredominantly gravel covered soils.
Accessibility:Moderaterestrictionsforsmallstock;moderatetosevererestrictionsfor
cattle andcamels.
Obs.: 110, 111.

Mapping unit 6:HP
Surface area: 140km2;0.2%ofthe District.
Landform, relief: Volcanoes,cone-shaped hills;overall slope moderate; locallystepfaulted; locally terraced due to lavaflow sequences; locally smooth slopes ofash
deposits.
Rocktype,soilparentmaterial:Recentbasalts(lavaflows),partlycoveredbypyroclastic
material andashes.
Soils:Complexofrockoutcropsandsomewhatexcessivelydrainedfine-gravellysandy
clay loams:soils comparable toparts of mapping unit 31:LaP, except for ahigher
humus content inthetopsoils.
Productive capacity: Within this climatic zone these soils are (apart from the rock
outcrops) of acomparatively high productivity duetoa fair soil moisture storage,
good infiltration capacity andhigh soil fertility.
Erosion status andhazard: Along major tracks soils maybedeeply gullied. Erosion
hazard depends largely onthesoiltexture (coarseness ofPyroclastic material)and
slope, butis estimated asgenerally low,dueto favourable infiltration capacities.
Accessibility:Moderaterestrictionsduetolocalsteepslopesandruggedrockyterrain.
Obs.:Information inferred from satelliteimageryandknowledgeofsimilarlandforms
elsewhere.

Mapping unit 7: LsV.
Surface area: 562km ;0.8%ofthe District.
Landform, relief: Step-faulted (Loriyu) plateau of gently undulating relief, broken
by minor escarpments and steep gorges, in aN- S orientated pattern.
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Rocktype,soilparentmaterial:Undifferentiated tertiaryvolcanicrocks,mainlybasalts.
Soils: Association of:
1.Well to moderately well drained, shallow to moderately deep, yellowish brown
todark red,extremely stony and bouldery clay loamtoclay.Thedeeper soilshave
a more or less dense cover of surface stones and boulders.
2. Rock outcrops.
Local landform/soil name:
Productivecapacity:Low,duetoshallowness,stoninessandrockiness.Locallymoderate,
where soils attain some depth.
Erosionstatus/hazard:Onthealmostflattogentlyundulatingplateaucomponent,water
erosion is negligible; the "end" stage of (sheet)erosion is reached on plateau rims
and steep parts.
Accessibility:Severerestrictionsduetothesurroundingescarpments,onlyafewaccess
roads to the flat top parts exist. On the plateau level itself fields of huge boulders
are an additional severe restriction in access to grazing for most stock.
Obs.:Aerialsurveyflights;information inferred from sateliteimageandsimilar landform
elsewhere.

Mapping unit 8: UmV.
Surface area: 1334 km2; 1.9% of the District.
Landform,relief:Hillyuplandareasinthesummitregionsofthelargermountain-and
hill-ranges.Generally at an altitude of morethan 1200m above sealevel. Slopesof
varying steepness; undulating to rolling and hilly relief.
Rocktype,soilparentmaterial: Undifferentiated tertiaryvolcanicrocks,basalts,trachytes
and pyroclastic rocks.
Soils:Welldrained,shallowtodeep,darkreddishbrown,gravellyandstonyclayloam.
Local landform/soil name:
Productivecapacity:Thisunitcomprisesthedryseasongrazingareas.Itfallsinasubhumidclimatezone.Dryseasonsateliteimagery(LandsatEosat)revealsayearround
greenness of vegetation.Notregardingthis climatic aspect,thesoils areconsidered
of moderate productive capacity due togood infiltration rates,moderate soilwater
holdingcapacity andchemicalfertility, andrelatively highorganicmatterinthetop
soil, insofar erosion has not degraded the land.
Erosion status/hazard:Overall ratingfor sheet erosion isassumed asmoderate;gully
erosion locally severe. The generally steep relief is aunfavourable factor, but this
maybecounteractedbyotherconditions,especiallythehigherorganicmattercontent
in the top soil, and a relative good vegetation cover. Erosion hazard is high, once
the natural vegetation is affected
Accessibility:
Moderate restrictions due to steepness and stoniness, especially for cattle.
Obs.: Information inferred from survey flights and satellite images.
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Mapping unit 9:UV.
Surface area: 7862 km ; 11.2% of the district.
Landform, relief: Uplands ofundulating torolling, occasionally hilly relief. Mainly
short,irregular orstraight slopes.Adensedrainagenetwork prevails,thatisdeeply
incised, so that lower slopes tend to besteep towards thedrainage channel.
Rocktype,soilparentmaterial:Undifferentiated tertiaryvolcanicrocks;mainly(strongly
tilted) strata of basalts, and less consolidated pyroclastic materials.
Soils:Welldrained,veryshallow,yellowishbrown,calcareous,locallysaline,extremely
gravelly and stony clay loam, in many places with adesert-pavement surface.
Locallandform/soilname:Ng'iri(smallsizedhills);Ng'ari(rounded,undulatingland);
Ng'ikamukumukui (undulatingland,shortabruptslopes);Emunyen(soilsofvarious
colour);Kapèrperè(soft rocksofpurple,bluishandwhitecolours);Ng'aukon ang'amor
kirionok (hillrangeofblackstones);Ng'itelaang'amor kirionok (uplands ofblack
stones); Ng'achurro (gullied land); Ng'acharra (land with steep gullies)
Productive capacity: Lowtovery low;very shallowness ofthe soils combined with
highrunoffratesrenderwaterholdingcapacityverylow.Yettheseareasareappreciated
aswetseason goatandcamel areas,mainlyduetotheevergreen woody vegetation
concentrated in drainage lines.
Erosionstatus/hazard:Largelythe"end"stageoferosionhasbeenreached:theresulted
concentration ofresidualgravelatthesurface actsas aprotectivelayeragainst further
deterioration. Locally gully erosion extends from drainage line incisions.
Accessibility: Locally theincised rainage lines areasevere limitation tocamelsand
toalesserextentforotherlivestock.Surfacegravel,ifveryangular/sharp,maycause
damage to hooves of goats andcattle.
Obs.: 39,42,46,55,76, 106,107, 108.

Mapping unit 10: UU.
Surface area: 1123km ; 1.6% ofthe District
Landform, relief: Uplands.
Rock type, soil parent material: Undifferentiated metamorphic rocks.
Soils: Well drained, shallow tomoderately deep, yellowish brown toyellowishred,
gravelly and stony coarse sandy loam.
Obs.:Nofield data; nocoverage byclear satellite image. Information derived from
Sombroek et al (1981).

Mapping unit 11:FV.
Surface area: 1264km2; 1.8% of the District.
Landform, relief: Footslopes. Long,gentle, somewhat irregular slopes of5 -3%, at
thefoot ofmountains andhills(bothcolluvialfootslopes andpedimentswithshallow
rock).
Rock type, soil parent material: Undifferentiated tertiary volcanic rocks andderived
colluviated material.
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Soils:Welldrained,deepandshallow,darkreddishbrown,calcareous,stony,clayloam
and clay, in places saline.
Local landform/soil name:Agule arii;Agule emor (almost flat slope from mountain
towards valley).
Productive capacity: Moderate.
Erosionstatus/hazard:Presentlyamoderatesheeterosionisobserved;theoverallrating
for degradation is favourable. Hazard of gully erosion development israther high,
due to the position at the foot of steep hill masses, and the presence of layers of
cracking clay in the subsoil of this unit.
Accessibility:Norestrictions,exceptforlocallystoninesswhich,duringtherainyseason,
in combination with wet clay soils, can cause problems for goats and cattle.
Obs.: (68), 69,(77).

Mapping unit 12:YdV.
Surface area: 3510 km2; 5.0% of the District.
Landform,relief:Piedmontplains,dissectedbyamoreorlessdeeplyinciseddrainage
system. Overall slopeextremely longandverygentle;duetoincised localdrainage
lines with very short, convex, gentle to very steep slopes.
Rock type, soil parent material: Undifferentiated volcanic rocks (largely pyroclastic
depositswithinterbeddedlayersofbasalt)andderivedcolluviumandalluvialdeposits.
Soils:Well drained, shallow tomoderately deep,dark reddish browntodark grayish
brown,calcareous, locally saline,very friable clay to loam,with adensely packed
layerofresidualgravelatthesurface.Locally,atdownslopeposition,extremelysaline.
Locallandform/soil name:Etupat(welldrainedland,wherewaterflows off; good for
rainyseasonsettlement);Ekitelaang'amor(stonyupland);Ekitelaanachik(gravelly
upland); Ng'aratin a ng'amor (plain, covered by black stones).
Productivecapacity:Low,mainlyduetoalowwaterholdingcapacityasaconsequence
ofrainwaterrunoff,combinedwithunfavourable germination/rootingconditionsfor
annual grasses.
Erosionstatus/hazard:The"end-stage"ofsheeterosionhasbeenreached,astheresulted
concentration ofresidualstonesandgravelatthesurface actsasaprotection against
rain-splashimpact.Drainagelinesshowactivestream-bankerosion.Somegullyerosion
develops from these drainage lines.
Accessibility: Norestrictions, except wheredrainage lines aretoodeeply incised;in
thesecasescamels arerestricted intheirmovement.Locallysharpgravelmaycause
damages to hooves of cattle and sheep.
Obs.: 9, 43,44, 45,47,75,(77),(81).
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Mapping unit 13: YV1.
Surface area: 7301km2; 10,4%of the District.
Landform, relief: Piedmont plain; extremely long, very gentle toalmost flat slopes,
with locally very gently undulating relief.
Rocktype,soilparentmaterial:Colluvium andalluviumderivedfrom undifferentated
volcanic materials, mainly (water lain?) pyroclastic rocks andthin basalt layers.
Soils:Moderatelywelltoimperfectlydrained,moderatelydeeptodeep,verydarkgrayish
brown todark brown, firm, strongly calcareous, locally saline, gravelly clay loam
over heavy clay, probably strongly sodic inthedeeper subsoil.
Locallandform/soilname:Aro;Kalapatan (plain "whereonecanseefar");Agulearii
(slope between mountains andplains);Ng'atotin;Nikalapatan (plainwherewateris
stagnant); Etupat (higherground between streamchannels,relatively good forwet
seasonmanyattasettlement); Amoni(dense shrubland);Nasurkeny (area"ofmany
birds" in rainy season).
Productive capacity: Moderate; good infiltration conditions combined with lowto
moderate water holding capacity andmoderate soil fertility.
Erosion status/hazard:Noobvious signs ofpresent sheet orgully erosion have been
observed. However the soils have conditions for a rapid and deep gully erosion
development. Aslight wind erosion takes place;this isinherent tothehotanddry
climate.
Accessibility:Norestrictions;inthewetseasongoatsandcattleexperiencelimitations:
thecombination ofsharpgravelandmoistclaymaycausehoof-damage and footrot.
Obs.: 16,17,48,60,61,62,63,64,66,68,72,73, 74.

Mapping unit 14:YdV+YV2.
Surface area: 2036 km2;2.9%ofthe District.
Landform,relief:Association ofdissected,higherlevelpiedmontplains(asinmapping
unit 12:YdV)andnondissected lowerlevelpiedmontplainsoflowandalmost flat
relief, locally with dune formation (YV2component).
Rock type, soil parent material: Undifferentiated volcanic rocks andmainly alluvial
sediments (YV2component)that arepartlywindblownandprobablyenriched with
volcanic ashes (Kerio river sediments and Suguta valley deposits).
Soils: Association of:
1. soils asdescribed under mapping unit 12: YdV
2.Welldrained,verydeep,palebrown,veryfriable toloose,saline,finesandyloam.
Locallandform/soilname:YdV-component:Epetamuge(plainwithblackstones); YV2component: Aro(plain, "where onecanseefar").
Productive capacity: Extremely lowonthedissected older piedmont plains,dueto
thedesertpavement(closedgravelly-stonysurfacelayer)anditsgenerallyhighsalinity
(and probably sodicity). Thevegetation occurs only along drainage lines.
Thelowerfine-sandy componenthasamoderatetohighwaterholdingcapacityand
high chemical fertility. It supports avariety ofvegetation types, among othersdue
to numerous drainage lines present.
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Erosionstatus/hazard: Theuppercomponenthasreachedthe"endstage"ofsheeterosion.
Rainwaterrunoff isofcourseanimportantcontinuingprocess.Thelowercomponent
suffers locallyfrom stream-bank erosion andaslighttomoderatewinderosion.This
is however anormal natural feature that fits in the climatic/geologic environment.
Accessibility: Locally the presence of loose, windblown sediments in the second
componentposesaconstraintinaccessibility,especiallyintheendofthedryseason.
Obs.: (32), 104, 105.

Mapping unit 15:YP
Surface area: 702 km2; 1.0% of the District.
Landform,relief:Piedmontplain.Longgentleslopes,partlyterracedduetounderlying
lavaflows. Locally badland topography due to advanced gully erosion.
Rocktype,soilparentmaterial:Subrecentvolcanicashes,partlyredeposited byalluvial
processes.
Soils:Well drained, very deep,very friable, strong brown (calcareous) fine-gravelly
coarse sandy clay loam, locally stony and coarse-gravelly.
Productive capacity: High, due to favourable infiltration, moisture storage and high
chemical fertility.
Erosion status/hazard:Locallythe areashows abadlandtopography. However,these
concern stabilized gullies. Sheetwash erosion is widespread, in spite of the good
infiltration.
Accessibility: No restrictions.
Obs.:

Mapping unit 16: YU.
Surface area: 4072 km2; 5.8% of the District.
Landform, relief: Piedmont plain, very gentle to almost flat, very long slopes, with
numerousparalleldrainagelines.Thesearemoreorlessdeeplyincisedintheupslope
parts of the piedmont plain.
Rock type, soil parent material: Colluvial and alluvial deposits derived from
undifferentiated metamorphic rocks.
Soils: Complex of:
1.Well drained, very deep, yellowish brown, compact sandy clay loam; in places
calcareous, saline, and/or sodic; with a fine gravelly surface layer.
2.Welldrained,verydeep,browntodarkbrown,loosetoveryfriable, stratified loamy
sand to sandy clay loam, in places calcareous.
Thesecondcomponent occursmostlyinadownslopepositioninrelationtothe first.
Alsothe stratified "younger" deposits dominatethe southern part ofthe unit,while
the "older" compact sandy loams are more common towards the north.
Locallandform/soilname:Epokor(sandyarea,manygullies);Asinyonoit(coarsesands);
Ngatotin ngangasinyono (flat, tilted sandy plain); Ngasinyono (sandy area); In
downslope parts :Napetet (land of Acacia nubica shrubs).
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Productive capacity: 1.soils ofthe first component have alowproductive capacity,
duetoreducedmoisturestorageasaconsequenceofsoilsealing.Vegetationismostly
scattered dwarfshrubs (Indigofera).
The 2nd component has a high productive capacity, due to its good infiltration
conditions and high chemical fertility. The unit also receives runoff water from
elsewhere.Thelattercomponentislocallyusedforopportunisticsorghumcultivation.
[Alup nganyangayek (dusty soil)]
Erosionstatus/hazard:Thefirst componentsuffers amoderatetostrongsheeterosion.
The second "younger" component is subject to some slight wind erosion.
Accessibility:Thereoccurslocallysomefloodinginthe2nd,lower,componentofthe
unit.
Obs.: 78,93,98,100,101,120,121,122,128,132,133,138,139, 142.

Mapping unit 17: YS.
Surface area: 913km2; 1.3% ofthe District.
Landform, relief: Piedmont plain: long, very gentle overall slope, that is intricately
dissected intheupslope parts,andshows anundulating meso-topography of short
convex slopes.
Rock type, soil parent material: Turkana grits, i.e. early Tertiary sandstones and
conglomerates. These areformed before thevolcanic activities took place andare
composed of sediments derived from metamorphic rocks.
Soils:Welltomoderately welldrained,veryshallowtodeep,palebrowntoyellowish
brown,calcareous,extremelygravellyclaytoloam;withapinkcolouredquartz-gravel
pavement onthe surface; in places extremely saline.
Local landform/soil name: Ekitela ekokonyo (upland, well drained undulatingplain
ofroughsurface,withgravelly,stonysurface);Ekitelaang'acharra(raisedlandwith
manygullies);Ng'ikamukumukui ang'akoges (undulating areawithpinkgravels);
Ekitela ang'akoges (plain, raised land, with pink gravels)
Productive capacity: Very low,duetovery lowsoil moisture storage (runoff losses)
and lowchemical fertility.
Erosion status/hazard:Thehigherareas(up-slopeareas)havereached an"end stage",
wherethelandiscappedbyafirm desertpavementanddissected bynumerousgullies.
However,inapositionlowerdownslopesheeterosionisastrongandongoingprocess.
Accessibility: Inthestrongly dissected parts ofthisunit,thedrainage incisions area
limitation to the access ofcamels.
Obs.: 12,(29),33,40, 41.

Mapping unit 18: PnV
Surface area: 421km2;0.6%of the District.
Landform, relief: Volcanic plain, nondissected, almost flat.
Rock type, soil parent material: Undifferentiated volcanic rocks, mainly basalts.
Soils:Moderatelywelldrained,moderatelydeep,greyishbrown,calcareous,firm,stony
and bouldery clay.
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Productivecapacity:Moderatetohigh,duetoamoderatewaterholdingcapacity and
moderate soil chemical fertility.
Erosionstatus/hazard:Sheeterosionhardlytakesplaceduetothealmostflattopography
in combination with the clay soil.
Accessibility: Surface stones and boulders arethe cause of moderate restrictions for
camel and cattle. In the wet season stickiness and muddiness of the surface is an
additional constraint.
Obs.:Information inferred fromgeologicalmaps(WalshandDodson,1969)andsatellite
imagery.

Mapping unit 19: PdU.
Surface area: 2948 km2; 4.2% of the District.
Landform, relief:Intricately dissected erosional plain (peneplain or piedmont plain).
Overall slope is very gentle to gently undulating. The meso-topography is rolling
to undulating due to the deep incisions of the densely distributed drainage system.
Rocktype,soilparentmaterial:Undifferentiated metamorphicrocks,mainlygneisses,
moderatelyrichinferromagnesian minerals(quartz-biotiteandhornblendegneisses)
Soils:Welldrained,veryshallow,yellowishredtodarkbrown,gravellyloamycoarse
sandtocoarsesandyclayloam,inplacescalcareousandsaline,andwithanextremely
gravelly surface of angular quartz.
Local landform/soil name: Ekitela lokhakungon (upland of hard ground); Ekwakwa
(whereplantseasilygerminate,mixtureofstonesandsoil);Ngitelaang'amor(uplands
with stones).
Productive capacity: Low, due to a very low moisture storage. This is slightly
counteracted by amoderate soil chemical fertility. The areaproduces ashort lived
wetseasongrazing,andreportedlyaperenniallygoodbrowse,whichalmostexclusively
occurs in and along drainage lines.
Erosionstatus/hazard:The"endstage"ofsheeterosionhasbeenreached.Thereislittle
soilmateriallefttobeerodedaway.Runoff percentageofrainfall ishigh;thedrainage
line gullies are being deepened and are extending.
Accessibility: Steepdrainage incisions arelocally alimitationtocamels.Theangular
quartz gravel causes damage to hooves of cattle and goats.
Obs.: 13,15, 22,89,90,94,95,96,97,123,124, 126, 127, 129,130, 131,135,136.

Mapping unit 20:PsU.
Surface area: 2668 km2; 3.8% of the District.
Landform, relief: Sedimentary plain, almost flat tovery gently undulating. Locally a
gently undulating meso-topography, due to subrecent dune formation.
Rocktype,soilparentmaterial:Stronglyweatheredoldersediments(probablyPleistocene
or older), derived mainly from undifferentiated metamorphic rocks.
Soils:Well drained, very deep, dark reddish brown, compact, sandy clay loam,with
a friable to coarse sandy loam top soil.
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Local landform/soil name: Amoni(dense bush,productive land); Alup ng'arengaak
(reddish brown soil); Ekitela aregai (undulating plain of Acaciareficiens, i.e. bad,
unproductivesoil);Aregaing'akalapatan (plainofAcaciareficiens bush);Alupongora
(brown soil)
Productivecapacity:Moderatetolow,duetorunoff lossesofrainwater(surface sealing)
and a low soil chemical fertility.
Erosionstatus/hazard:Soilsealingandrunoff arewidespread,butofmoderateintensity.
Locally some wind erosion.
Accessibility:Norestrictions(apartfromdenseAcaciareficiens bush,andbush-thicket
with numerous Euphorbia species).
Obs.: 25,54, 83,(91,92), (141)

Mapping unit 21:PsX.
Surface area: 2457 km2; 3.5% of the District.
Landform, relief: Almost flat, extensive, sedimentary plain.
Rock type, soil parent material: Mostly clayey sediments, derived from both
undifferentiated volcanic and metamorphic rocks.
Soils:Imperfectlydrained,verydeep,drakbrown,calcareous,salineandsodic,friable
to firm clay.
Locallandform/soilname:Aro=Kalapatan(flatplain);Echoto(claysoil);Ekitela(very
gently undulating plain).
Productive capacity: The almost flat topography combined with good infiltration
conditions andmoderatetohighsoilchemicalfertility rendertheproductivecapacity
relatively high within this climatic zone.
Erosion status/hazard: Little or no erosion takes place.
Accessibility:Norestrictions,exceptinthewetseason,whentheareaislocallyponded.
This is reportedly no restriction to wet season grazing, however.
Obs.: 49, (71) and information derived from Sombroek et al.,(1981).

Mapping unit 22: PsAl.
Surface area: 3931 km2; 5.6% of the District.
Landform,relief:Sedimentaryplain,almostflat,with(subrecent)braidingriverchannels
and recent dunes of various size.
Rock type, soil parent material: (Sub)recent sandy and clayey riverine alluvium.
Soils: Well drained, very deep,pale brown to dark brown, stratified micaceous fine
sand tofinesandy loam, locally calcareous, saline and sodic in the deeper subsoil.
Local landform/soil name: Atoot (yearly flooded area of many river channels, with
Asinyen =sandy,stratified soils);Epokor(asAtoot,buthigherground,not flooded,
andwithfrequentriverinedunes,andlackinggroundwatersupplyinthedryseason);
Etupat (rise between river channels)
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Productive capacity: Varying,but ingeneral high:dueto ahigh chemical fertility, a
moderatetohighwaterholdingcapacity,andduetooccasionalfloodwaters thatreach
the area. The unit contains land that is suitable for micro catchment constructions
and suitable patches of land for sorghum shamba's.
Erosionstatus/hazard:Winderosionand-deposition,andstreambankerosionarenatural
features in this unit.
Accessibility:Occasionalslightrestrictionsduetosteepstreambanksand/orloosesandy
surface. Wet season flooding may pose locally somerestrictions of short duration.
Obs.: 56, 57,67,
Inclusion:Locallyextremelysalinesoilconditionsareencountered inthevalleyssouth
westofKakuma.Thesehaveaverylowproductivecapacity,aresubjecttostrongsheet-,
gully- and wind erosion, and should beexcluded from micro-catchment construction
activities.

Mapping unit 23:PsA2.
Surface area: 2527 km2; 3.6% of the District.
Landform,relief:Sedimentaryplain,flatriverinedrainagebasinoftheLotikipiplains
Rock type, soil parent material: Subrecent clayey alluvium.
Soils:Imperfecüytopoorlydrained,verydeep,darkbrown,calcareous,salineandsodic,
firm clay loam; locally cracking clay. Locally flooded. Ponded only in years of
excessive rainfall.
Locallandform/soilname:Alaireng;Ngataparin(flatarea,darksoil,wherewatercollects).
Productive capacity: Apparently very low,judging from the lack of vegetation. It
is not understood why this area appears as one large plain of bare ground.
Erosion hazard: None.
Accessibility: Inaccessible when flooded/ponded.
Obs.: 70, no sufficient data.
Inclusions: local semi-permanent swamps are included in this unit.

Mapping unit 24: PsA3.
Surface area: 491 km2; 0.7% of the District.
Landform, relief: Sedimentary plain, almost flat bottomland of the Suguta Valley.
Rock type, soil parent material: Alluvial and lake-bed deposits derived from recent
and subrecent volcanic sources.
Soils: Imperfectly topoorly drained, very deep,olive brown,extremely saline,sodic
and calcareous silt loam to clay, with a salt crust at the surface.
Productive capacity: None,due to toxic levels of salt concentration and sodicity.
Erosion: None.
Accessibility: Inaccessible in wet season due to ponding/flooding.
Obs.:Information inferred from surveyflight andderivedfrom Sombroeketal.(1981).
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Mapping unit 25:PsD.
Surface area: 1053km2; 1.5% of the District.
Landform,relief:Sedimentaryplain,verygentlyundulating,withanundulatingmesotopography of low dune ridges.
Rocktype,soilparent material:Older alluvium and sub-recent windblown deposits.
Soils:Accordingtomeso-topography anassociationof 1:duneridges(accumulation),
and 2: dune valleys (deflation):
1. Somewhatexcessivelydrained,verydeep,palebrowntobrown,looseloamysand
to sand.
2.Imperfectly drained,verydeep,browntodarkbrown,friabletocompact,calcareous
and saline sandy loam with a bare, strongly sealed surface.
Locallandform/soil name:Nateleng(undulating plain);Aroekitela(plain with small
undulations); Aregai aro (plain of Acacia reficiens bushland); Aro nateleng (plain
with tallridges).
Productive capacity: Lowercomponent (2)isunproductive duetothe strong surface
sealing and runoff (see also Hemming and Trapnell, 1957). The duneridgeshave
ahighinfiltration rate,butlowwaterholdingcapacity.Thesesupportasteadycover
of Indigofera dwarfshrub.
Erosion status/hazard: Wind erosion and deposition is anatural feature, inherent to
theclimate andthis landform. Sealing and sheeterosion inthe valleys between the
ridges should not be regarded as ahuman induced degradation.
Accessibility: No restrictions, or temporary slight restrictions in the wet season due
to local ponding.
Obs.: 18, 19,20, 21,26,28.

Mapping unit 26:PIA.
Surface area: 562km2; 0.8 %of the District.
Landform, relief: Almost flat lake bed terrace (lacustrine plain), locally with mesotopographyofsmallduneridges,andextensiveflatbottomlands,devoidofvegetation.
Rock type, soil parent material: Fine sandy, silty and loamy lake bed deposits.
Soils:Very deep,yellowish brown,very friable, stratified loamyfinesand; in places
slightsaline;somewhatexcessivelytoimperfectlydrained,accordingtotopographic
position.
Local landform/soil name: Aoi (open woodland of tall Acacia tortilis); Ng'ataparin
(flat, seasonally ponded bottomland; "devil's lake":dusty plain with mirage)
Productivecapacity:Areawithaquifer neartosurface asmustbeconcluded from the
widespread presence of Acacia tortilis woodland. Good area for camels andgoats,
not suited for cattle, due to lack of grazing.
Erosion status/hazard: Wind erosion and deposition is, going from west to east,
increasingly active.Water erosion does not take place.
Accessibility: Slight to moderate wet season restrictions.
Obs.: 5, 31,34, 37.
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Mapping unit 27: PID.
Surface area: 2668km2; 3.8% of the District.
Landform, topography: Almost flat lake bed terrace (lacustrine plain) and gently
undulatingmesotopographyduetoformerandpresentbeachridgesandduneformation.
Rock type, soil parent material: Fine sandy to clayey, partly consolidated, lake bed
deposits, mostly with thick, windblown sand cover.
Soils: A complex of:
1. Somewhatexcessivelydrained,verydeep,palebrown,veryfriable toloosestratified
sand.
2. Well to imperfectly drained, very deep,dark brown to grayish brown, stratified
sandy loam to fine sand, locally calcareous, locally saline.
3. Well drained shallow, saline, gravelly loam to gravel.
Locallandform/soilname:Ekitelang'asinyono(sandyundulatingplain);Ekitelaaabei
(undulating plain with Balanites); Ngakate leengoi (sandy beach ridge).
Productive capacity:Variable;themore stable sands,i.e.thosethat arenot subjected
tostrongwindaction,supportsagoodcoverofIndigofera dwarfshrub, andscattered
Balanites.
Erosionstatus/hazard:Winderosion anddepositionisanimportantfeatureinthisarea
ofextremedryclimate.AveragewindspeedisapparentlyhighestnearlakeTurkana.
SandydepositsofKerioriverandTurkanabeachridgesprovideasourceofthesands.
Also,olderdunesarebrokendown,whilenewsandaccumulations takeplace.These
dynamics are too fast for the establishment of Indigofera dwarfshrub vegetation.
Streambankerosionisactivealongthenumerousriversthatflowtowardsthesubsiding
Turkana lake level.
Accessibility: Loose -sandyness poses ahardship towardstheend ofthedry season.
The heat is avoided by travelling at night during that period.
Obs.: 6, 7, 8, 30, 35, 36, 38, 65, 79,80.

Mapping unit 28: AA.
Surface area: 2176 km2; 3.1%of the District.
Landform,relief:Floodplainandlowterraceofmajorrivers,with(sub)recentbraiding
river channels. Locally small river dunes are common.
Rocktype,soilparentmaterial:Recent,and(sub)recentsandy,loamyandclayey riverine
alluvium.
Soils:Well to moderately well drained, very deep,pale brown to dark brown, loose
to very friable and firm, stratified, micaceous, fine sands to light clay. In places
calcareous, saline.
Local landform/soil name:Ekanyapunyapu (riverine soil of fine dusty texture (apua
=dust),goodforsorghumshamba);Ng'ataparin(wherewaterstagnates);Ngasinyono
(sandyarea);Emuriaaro(plainwithSalvadorapersica);Aguleng'itamutonan (zone
alongriverbank,many trees); Aoi (open woodland of tall Acacia tortilis).
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Productive capacity:High,duetogood infiltration rate;generally high waterholding
capacity;supplyofground-andflood water;andarelativelyhighnaturalsoil fertility
(mica's,organicmatter).Thisunitcontains suitable areasforirrigation and"microcatchment"practices.ThisunitsupportsallriverineAcaciatortilis/Salvadorapersica
woodland of Kerio, Turkwel, Tarach andother largerrivers.
Erosion: Riverbank erosion isanatural geomorphological feature. Wind erosionand
duneformation (intheTarachvalley)canbeharmfultoirrigation/micro-catchment
activities.
Accessibility: Norestrictions, except for periods of flooding.
Obs.: 23,27,99,58, 102,103, 137.

Mapping unit 29: D.
Surface area: 562km ;0.8%of the District.
Landform, relief: Stabilized dune fields, gently undulating, moderately long regular
convex -concave slopes.
Rock type, soil parent material: Wind blown deposits derived from undifferentiated
sources.
Soils:Somewhatexcessivelydrained,verydeep,palebrown,veryfriable toloose, fine
to medium sand, locally calcareous.
Productivecapacity:Lowwaterholdingcapacity,butgoodinfiltration capacityofrain
water, andmoderate soil fertility. Theunit supports anevenly distributed standof
dwarfshrubs (Indigoferaspinosa).Thesoilsurfaceisloose,doesnotsuffer anysealing
or capping, sothat seedlings can germinate anddevelop.
Erosion status/hazard: Sheet orgully erosion hasnot been observed (except locally
alongtheTurkwelriverincision,whereTurkanagrithardrockoccursatshallowdepth,
hereabadlandtopographyhasdeveloped).Winderosionanddepositionisacontinuous
process,butnotofsuchintensitythatnaturalvegetationcovercandevelop withthe
renewed surface.
Accessibility:Norestrictions.Intheendofthedryseasontheloosesandysurfacecan
pose some constraints.
Obs.: 1,3,4.

Mapping unit 30: La.
Surface area: 281km2;0.4%of the District.
Landform, relief:Lavaflow; flat toundulating,withextremely irregularrugged stony
and rocky meso topography.
Rock type, soil parent material: Subrecent volcanic rocks, Basalts.
Soils: Rock outcrops, stones, boulders.
Local landform/soil name: Emor ng'arabat.
Productivecapacity:Naturalvegetationislargelyofwoodynature.Itfinds itsfoothold
in rock crevasses, where apparently rain water runoff collects. In spite of severe
restrictions, the area is reportedly good for wetseason goat herding over an eight
monthperiod,inwhichmanyatta'shavetobeshifted after everyoneortwomonths.
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Accessibility: Severe restrictions due to irregular surface.
Obs.: Inormation inferred from satelite image and information on similar landforms
elsewhere (Marsabit district).

Mapping unit 31: LaP.
Surface area: 702 km2; 1.0% of the District.
Landform, relief: Lavaflows of locally extremely irregular mesotopography, orwith
"terraced" topography due to infills of volcanic ashes.
Rocktype,soilparent material:Recent basalts,partlycovered byvolcanic ashesand
pyroclastic rocks.
Soils: Association of:
1.rock outcrops
2. Well drained fine gravelly ash soils of varying depth.
Productivecapacity:verylowonrockoutcrops.Moderatetohighonvolcanicashsoils,
due tomoderate tohigh waterholding capacity,high soilchemical fertility and fair
top soil conditions.
Erosionstatus/hazard:Probablylocallygullydevelopment,toalimitedextent.Ingeneral
soil of high infiltration capacity and resistance to erosion.
Accessibility:
Moderate to severe restrictions locally, due to lava outcrops.
Obs.: None, information inferred from satellite image interpretation.
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1 INTRODUCTION

TheGTZ-funded Range Management Handbook Project aims atthe inventory ofthe
natural resources of the arid and semi-arid lands of Kenya, and the interpretation of
thesedataintermsofrecommendationsfor sustained forms ofrangelanduse.Results
will be presented inthe form of reports and maps at a 1 : IM scale for each district
separately. These areto beused bythe Ministry of Livestock Development for both
planningatministeriallevel,aswellasafirstorientationforextensionofficers atdistrict
location or grazing block level.
Thestudyisessentially amultidisciplinary one,inwhich areengaged aclimatologist;
avegetation/rangeecologist;alandforms/soils specialist;ahydrologistandalivestock
agronomist.
The Winand Staring Centre participates in the project byproviding the expertise for
thelandforms andsoilsinventoryandforitsinterpretationintermsofproductivecapacity
of rangelands and limitations to range land use.
TheRMH-project started in 1986andwillbeon-goingtoatleast December 1991.Of
theninedistrictsconcerned,sofarthesurveyoftheMarsabit,Wajir,Samburu,Mandera,
Baringo and Isiolo Districts, have been completed.
The present report concerns Turkana District, and results from the sixth consultancy
to the Range Management Handbook Project.
Theconsultanttravelled toKenyaonthe 1stofSeptember 1990tocarryouttheabove
mentioned survey in Turkana District.
See Annex II for the Itinerary. Annex III contains the terms of reference.
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2ACHIEVEMENTSANDCONSTRAINTSOFTHETURKANADISTRICTSURVEY

2.1 Survey preparation
Infield surveys of large areasfor which only ashorttimeperiod isavailable (70,000
km insixweekstimeinthepresentcase),theinterpretation ofremotesensingmaterial
isofcrucialimportance.Priortofield survey,afewdayswerespentontheproduction
ofaninterpretation mapatscale 1:500 000ofthewholeDistrict.Thirtyfivedifferent
interpretationmappingunitswereidentified withthehelpofa1:500 000scalesatellite
images(EOSATTematicMapperof1984and 1985).Abasemapwaskindlyprovided
bytheKenyaSoilSurvey.MorethanhalfoftheDistrictiscoveredbygeologicalmaps.
These provide very valuable information in addition to theExploratory Soil Mapof
Kenya at scale 1 : 1000 000 by Sombroek et al. (1982).
The interpretation map, a copy of which was provided to each of the participating
consultantspriortothefield survey,proveduseful asageneraloverviewandappeared
sufficiently accurate in most salient physiographic boundaries.

2.2 Field survey
The survey team consisted of a teamleader/technical adviser (Dr. Walther) and his
counterpart oftheministryofLivestockDevelopment(Mr.Shabaani),avegetation/range
ecologist (Dr. Herlocker),alandform/soils specialist (Touber) and ahydrologist (Dr.
Bake).Ananthropologist (Dr.Mueller-Demf) andalivestockmarketingspecialist(Dr.
Shabari) also visited the survey area in approximately the same period.
Field checkswere located atpointsidentified beforehand asrepresentative according
to the satellite image interpretation map. The vegetation scientist and soil surveyor
conducted theirobservations simultaneously atthesamesitesinmostofthearea.Soil
and landform characteristics that play a role in the performance of rangeland were
recorded,i.e.topography,steepness,drainagecondition,soilmoistureavailability,rooting
space,degreeofsurface sealing,signsofrainwaterrun-off, flooding, ponding,humus
content ofthe topsoil,calcareousness, salinity andpH(atthe standard depths of 10,
40and 90cm),soilconsistence andtexture.Atmost ofthesites soilfertility samples
were taken. These were delivered at the N.A.L. for a "Mehlig" analysis, i.e. major
nutrients,carboncontent,pHandsalinity.Unfortunately,resultsoftheseanalyseswere
not available as yet by the time of report preparation.
Thecooperationbetweenthesoilsurveyorandthevegetation scientististoensurethat
theexistingcorrelationbetweenlandforms/soilsandvegetationisexpressedinthemaps
tobeproduced.Thevegetationscientist,aswasthecaseintheprevioussurveys,initiated
interviews with localpeoplewhichnotonlyrevealed aspects onvegetation statusand
trend.Italsoprovided thesurveyors withlocalsoilandlandform names.Infact these
vernacular names stand for landform-soil-vegetation complexes with their inherent
productioncapacitiesandmanagementaspectsthroughoutthevariousseasons.Inmost
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ofthepreviousdistrictsurveysitappearednoproblemtocorrelatethislocalinformation
to the delineated physiographic mapping units.
Unfortunately, adrawback was experienced in this respect, as the Turkana soil and
landformterminologyisnotalwayscompatiblewiththeKenyaSoilSurvey classification
of physiography in its concepts throughout the District. Also criteria for separating
one soil type from the other were not altogether clear in anumber of cases.
Field survey took place between 5September and 19October, with ashort break in
thefirst weekofOctober.SometimewasspentonsurveyingpartsofElgeyoMarakwet
and West Pokot Districts during the second field work period.

2.3 Map and report preparation
After the field survey period are-interpretation was done of the Landsat Imagery.
Fielddatawereputtogetheronthebasisofwhichthirtyoneunitswereidentified.These
have been presented on a 1 : 1.000 000 scale map that forms a final draft map and
legend for publication inthe handbook. Finalisation of the completetechnical report
materialized in November 1990/ January 1991,Wageningen.
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ANNEX H:
Itinerary

Sat
Sun
Mon

Tue
Wed
Thu

Fri
Mon
Tue
Wed
Thu
Sat
Sun
Tue
Wed
Sat
Sun
Mon
Tue
Wed
Thu
Fri
Sat
Sun
Mon
Tue
Wed
Thu

1 Sep TravelAmsterdam-Frankfurt -Nairobi.MeetProjectChiefTechnical
Adviser Dr. Walther.
2 Sep. Assemble field trip necessities; shopping.
3 Sep. MeetMr.Wokabi,ActingHead,KenyaSoilSurvey.ArrangeforSurvey
equipment.
MeetingwithProjectteammembers,Drs.Walther,Shabaani,Herlocker,
Bake at Ministry of Livestock Development.
4 Sep. CollectfieldequipmentKSS,arrangephotocopiesoftopographicmaps,
complete shopping, collect petty cash at GTZ office, load vehicle.
5 Sep. Travel Nairobi - Kitale - Lodwar.
6 Sep. VisitMr.Chumakemer,act.District Livestock Development Officer.
Attemptstomeetvariousrelatedinstitutions ,aotheTurkanaDrought
Contingency Planning Unit(TDCPU),partofTurkana Rehabilitation
Project (TRP); the Turkana District Planning Unit, Mr. Kersten.
7 Sep. - Sun 9 Sep. Carry out field observations in Lodwar area.
10 Sep. VisitTurkanaPlanningUnitInfo Centre;Visitstovarious ministries;
VisitTurkanaResourceEvaluation andMonitoringUnit,Dr.Macheti,
acting head, and Dr. Gufu Oba, Range Ecologist.
11 Sep. Carry out field observations in Lodwar area.
12 Sep. Survey flight over northern Turkana District.
13 Sep. - Fri 14Sep. Carry out field observations in Lodwar area.
15 Sep. Shift base camp to Kakuma. Field observations.
16 Sep. - Mon 17Sep.
Carry out field observations in Kakuma-Lokichoggio area.
18 Sep. Shift base camp from Kakuma to Kaikwor.
19 Sep. - Fri 21 Sep.
Carry out field observations in the Kaikwor-Lokitaung area.
22 Sep. TravelKaikwor-Lokitaung -Loruth Kaado-Todenyang -KalokolLodwar.
23 Sep. Measure EC samples, review data.
24 Sep. Survey flight over the Lotikipi Plains.
25 Sep. Survey flight over southern Turkana; Loriyu Plateau; Suguta valley;
Turkwel dam and river course. Observations Lorugumu area.
26 Sep. Carry out field observations in Lorugumu area.
27 Sep. Travel Lodwar - Lokichar - Lokori.
28 Sep. Carry out field observations in the Lokori area.
29 Sep. Carry out field observations Lokori - Kapedo area.
Travel Kapedo -Nairobi.
30 Sep. Measure EC samples, review field data.
1 Oct. Petty cash accounts at GTZ office; shopping; review data at KSS.
2 Oct. Review satellite imagery. Bring vehicle to garage for service.
3 Oct. Review data and satellite imagery at KSS.
4 Oct. Meetmr.vonBoguslawsky,teamleader,GermanAssistedSettlement
Project(GASP),GTZ,onpossibleconsultancy.MeetingwithDr.Walther
onfurtherfieldtripplanning.Collectpettycash atGTZoffice. Load
vehicle.
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Fri
Sat
Sun
Mon
Tue
Wed
Thu
Fri
Sat
Sun
Mon
Tue
Wed
Thu
Fri
Sat
Sun

Wed
Thu

5 Oct. Travel Nairobi - Nakuru - Marigat - Kapedo. Meet chief, arrange
personnel for guidance into Suguta valley.
6 Oct. Travel Kapedo - Suguta - Lokori.
7 Oct. Carry out field observations Lokori area.
8 Oct. Travel Lokori - Lotongipi - Sigor. Car failure. Proceed to Kitale.
9 Oct. Arrange for repair vehicle.Travel Kitale -Iten;meet District Range
Officer; Proceed to Kamwarer; meet Mr. Siele, Divisional Range
Assistant.
10 Oct. Carry out field oservations in southern Kerio Valley.
11 Oct. TravelKamwarer-Tot.Carryoutfield observationsmid-KerioValley.
Meet the Divisional assistant Veterinarian.
12 Oct. Carry out field osservations in northern Kerio Valley.
13 Oct. TravelTot-Sigor.Carryoutfieldobservationsinsoutheastern WestPokot District.
14 Oct. Carry out field observations in southeastern West-Pokot; southern
Turkana; travel Sigor - Lodwar.
15 Oct. Measure EC samples; review field data.
16 Oct. TravelLodwar-Katilu.MeetDivisionalVeterinarianandRange Officer.
17 Oct. Carry out field observations in Katilu area.
18 Oct. Carry out field observations in Loperot area.
Travel Katilu - Kitale.
19 Oct. Travel Kitale - Nairobi.
20 Oct. Arrangereturn ofequipment; measurepH/ECsamples;prepareNAL
samples hst; review data.
21 Oct. -Wed 31 Oct.
PrepareTurkanaDistrictLandforms andSoilsMapandLegend;prepare
Landforms and Soils map of Elgeyo Marakwet District.
31 Oct. Departure Nairobi - Zuerich.
1 Nov. Arrival Zuerich - Amsterdam.
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ANNEX ni:
Terms of reference

1. The area investigation includes the Districts Isiolo, Turkana, Garissa, Elgeyo
Marakwet, West Pokot.
2. Field work will be complemented by desk work on soils.
3. Field work will include certified spatial occurance of generalized soil types in
more than one land unit.
4. To point out erodibility or performance to erodibility and erosion hazards by
wind/water.Thisisnecessaryforthenumberofstockwhichmightbeconsidered
to use one specific area.
5. Toimproveknowledgeonsoilsduringfieldwork,wheneverpossible,especially
inrespecttosoilfertility,whichmighteffect growingperformance offorageplants.
6. Information ontheperformance (soilfertility etc.)oferodedsoilsshouldbegiven.
7. Recommendations should begivenwheretoprotectthesoil(i.e.whichsoiltype
and Range unit).
8. Geomorphological occurrence of the major units such as slope gradients and
exposure should be included.
9. To assist in mapping Range units (vegetation included).
10. To cooperate with the other scientists expecially during field work.
11. Results:
11.1 Generalized draft maps(asproduced forMarsabitDistrict)ofrelated soils ofthe
indicated areas.
11.2 Description ofthenewlygroupedsoilswhichiseasilyunderstandableandusable
by related (non-soil trained) personnel.
11.3 Description of soil fertility -if possible with the present informations available
andtheinformations collectedduringfield workanditsconsequencesfortheuse
of a particular Range.
11.4 Generalized maps of the Districts Wajir, Mandera and Garissa.
11.5 Concise descriptions on the grouped soils of the above districts.
11.6 Suggestions for further work/research.
11.7 In case alterations of the programme and needs might occur due to government
decisions, it will be discussed with the consultant.

Note:
If itisnecessary toget analysis of soils -esp.soil fertility-arrangements withN.A.L.
and KSS will bedone.

