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SUMMARY .

Within the framework of. the Training Project in Pedologuy of the
Agricultural University of Wageningen, the Netherlands, a
research has been made on volcanic depressions in the Chukalarea,
Kenya, from the middle of January 18B6 to the middls of |April
1986,
The specific objectives of this study bhave been to locate the
present volcanic depressions, to find cut something about | their
origin, to defims the sgil-types appearing in them, to Find gut
which improvements can bs carried out in the present used farming
systems, and which crops can ke introduced in the depressiors.

[1H

In this area there are about 140 most 2lliptical shaped vo;canic
depressions 1in consolidated lahars, all of them with a certain
dirsction, corresponding with the direction of the lahar—flows.
About their origin there are Four theories:

- Buring the deposition of the lahar the large amount of | water
drains out of the mudflow to the surface, concentrates, and
forms 1little lakes, After consolidation of the lahar and thse
disappearance of the water, depressions stay behind.

— Due to local differsnces in texture and watercontent,| some
parts with a Finer texture and a higher watercontent sinkito a
lower level during the consolidation.

~ During the deposition of the lahar, a crust is Formed due to
evaporation of the water in the upper layers, and subsidence
occurs because the lower parts are still Flowing.

- During the deposition of the lahar large parts of ice (pieces
of glaciers) wers present within or upon it. The melting of the
ice casused subsidence.

Soils o©on the bottoms of the depressions are Vertisols, Gleysols
and gleyic and ferric Acriscls. To the upper-slopes there| is &
general spil-segquence, ending in chromic, humic or dystric
fAocrisols pr in humic por dystric Nitpsocls.

When the growing seasons, normally starting at the beginning of
the rainy seasons, are adjusted and start at the beginning pf the
dry seasons, because of the ponding-prohlem in the rainy seasons,
some crops with short growing periods such as sorghum, | swest
potato, cocoyam and tannia have good possibilities to give good
yields. When ridges are introduced, crops like tomato, cabbage
and green gram may do well. When & drainage—system is introduced,
the ponding-problem is solved, and several crops like sugarcane,
also have good possiblities. The present functions cattle-dip and
waterhole will disappear then.
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Chapter 1. INTRODUCTION.

1.1. Background.

Within the framework of the Chuka Project, the third phase of ths
Training Project in Pedolaogy (T.P.I.P.2 in Kenya, researches are
made into the subject of volcanic depressions. All the activities
of the T.P.1.P. are carried out in close consultation with her

kenyan counterpart, the Kenya Soil Survey (K.5.5.), part C
National Agricultural Laboratories in Nairobi.
The objectives of the Chuka Project are:

£ the

a) to produce & reconnaissance soil map of scals 1:100.000 of the

map sheets of Chuka and that of Ishiara, both scale 1:50
of the Survey of Kenya, together with a detailed report
landevaluation to assess the suitability of a numbe
landuses, and

.000,
and a
r of

b) to train post-graduate students in soil science, agronomy,

vegetation and agricultural economics of the Agricultural
University of Wageningen (A.U.W.J, the Natherlandsé The
training consists of graduate-students work as well as

research work for MSc—-thesis.

Tha funds for the Chuka Project are provided by the ﬁgricultural
University of Wageningen and are sstimated on a project length of
1% months. The selection of the two map shests was spslled out in

fFull cooperation with thas K.S.S.

The funds for the travel to Kenya are provided by Bureau

Buitenland of the State University of Utrecht, the Netherl
after approval of Stichting Werkgroep Studiereizsn DOntwikkel
landen (W.5.0.), The Hagus, the Netherlands.

1.2 Objectives of the study.

In general the underlying study deals with the second bBbr
objective. It also deals with the First project objective, b
a different way. The study is a detailed survey of a phenc

ands,
ings-

0 ject
ut in
manan

that is too small to pay much attention to, within the context of
the reconnaissance soil map, but is too interesting and too

important for the local population to let go.
More specified cbjectives of this study are:

al) Location of the present volcanic depressions in the research

area with the help of aerial photographs.

b)Y Find out somsthing about their origin., Check if there i
pattern in their position or if there is a correlation
other geological pheanomena,

c) Defina the scil types éppearing in the volcanic depressio

s a
with

ns.




d) Find out in cooperation with agronomy students
improvements can be carried out in the present used farming
suystems, and which crops can be introduced in the depressions.,

1.3. Location of the research area.

For ths location of thes research area see Figure 1.
The arsa is located 160 km north-east of Nairobi,

on the

which

sast—

slopes of Mount Kenya, and consists of parts of Embu district,

Maru district and Kitui district. .
The arsa has been chosen becauss of thas many

tion influenced the choice of the research area.

agricultural
davelopments going on there. Besides, the big ecological varia-




Figure 1 The location of the research arsa.
(after: Atlas of Kenya)d
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Chapter 2. WORKING METHOD.

2.1. Rerial photo-interpretation.

Aerial photographs of the Chuka and Ishiara map shest have | bean
studied, as far as thsy concernad the area influenced by volcanic
activity: areas now covered by lahars and lavaflows. A [first
draft map of the wvolcanic depressions was made with | this
information. The map has been used in the field to locate the
volcanic depressions.

2.2. Desvelopment of theories.

after studying +the available literature and aftesr pauing | some
visits +to volecanic depressions in the research arsa, several
theories weres developed. All of those have besn considered to be
the possible origin of the veolcanic depressions. These thepries
have been worked put, and after that, arguments had to be sought,
to reject or accept the theories.

2.3. Field methods.

These arguments had to be sought in the field, where also the
different soil types had to be defined.
Most of the arguments have come from the longitudinal and cross
sections made in several volcanic depressions, and From
measuremasnts of certain directions in the volcanic depressions.
Augerings in the spil have been done down to 520 om, in order to
reach the lahar, the hard rock 1lying beneath the soil.
Everywhere, the wupper 150 cm of the spil has had special
attention and ‘has been sampled according to the standard FAO
methods (FAQ, 1877), Guidelines for soil profile descriptionl.
Spil ecolours have been described by the Munsell schems (OYAMA &
TAKEHARA, 18B7). 5S0il classification has been done according to
the FAD method (FAOD-UNESCO, 1974) with adjustments accordipg to
the Kenyan concept (SIDERIUS & VAN DER POUW, 18B02. A numbsr of
praofile pits and one large profile trench have been dug in order
to get some additional information.

Profile pits dug and sampled by other soil scisnce students) have
- providsed usefull chemical data.
Some spil samples have been taken for measuring the soil rsaction
(pH) and the electric conductivity.
Most types of the volcanic depressions have been visited and in
all of them the relationship between phuysiographical positicn and
soil type, the soil seguence, has bheen defined, together with the
present land wss. Detailed spil maps have been made of] two
volcanic depressions,
In almost svery volcanic depression a small interview with a
local farmer has been done. Q[uestions have been asked about! the
waterheight in the depressions during thes rainy ssasons,| and
about FfFarming in the volcanic depressions, or why they were not
farming in the depression.




2.4. Office work: land-evaluation and report writing.

Using the Field data, chemical data, optained from the Kenya Soil
Survey, literature and interim reports from rslated studies jwith-
in the framework of the Chuka project, a land-svaluation ha§ been
carried out Ffor sevaral Crops having possibilitiss i the
voleanic depressions, according to thes FAO methods Fan, 8831,

Finally, maps and figures have been drawn and this report has
been written,




Chapter 3. GEQLOGY AND GEOMORPHOLOGY.

3.1. Geology of the research area.

Figurs 2 shows the geclogical map of Central Kenya.

L3 research area
* - Mt Kenya

quaternary sediments
o quaternary volcanics
tertiary volcanics
basement {precambrium)
intrusives -

Figure 2 Geological map of central Kenya. (1:3,000,000)
(source: Survey of Kenya, 13582 : PR

From this Figure becomes clear, that in the survey area Base¢
System rocks, belonging to the Mozambique Belt, angd
Precambrium age, form the floor on whichk 811 the other rocks
the area lie. These rocks are composed of heterogsnous migmg
gneisses, granulites and schists of varied and complex origin.

ent’
of
of
tic

In the Miocene (Tertiar) these Basament System rocks had formed a

pensplain which hecame covered by volcanics from Mount Kenya £

- Om
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the north-west: the Tartiary VUolcanics. Most of thess vchanlcs

ara ths so called lashars. Lahars are consolidated mudflow

fraom

tha slopes of the volcano and enbed all kinds of valcanic rocks,

such as phonolite, in a matrix of pyroclastics.

The parts of the Basement System arsa which are not coversed by
the Tertiary volcanic rocks have uridergone variou$ erosion | cycli

and form the Uplands, Hills and Mountains. There are some

Hill

and Mountain complexes in the area, which are mostly graniteid or

(ultra’ mafic Intrusivaes which are more erosion resistant
their surroundings, consisting of gneisses and schists.

Some intrusions of ultra basics (hornblenditesl, caused by a
high grade of metamorphism in the surrounding gneisses
migmatites, resulting in zanes rich in granulites.

than

very
and

Some Hills are built up from the sams rocks as the rocks in| their

surroundings but form the Hills because parts of these racks
covered by volecanic rocks which (partially) have been ercded
but protected the underlying rocks against srosion.

were
now,

In the Pleistocens there was som2 new voleanic activity from the
Nyambeni volcanoes, especially north of the area. Some riverbeds

got filled wp by plivine basalts coming From ths north

the

Quaternary Uolecanics. Some riverbeds Fillings still exist as
ridges in the area. Under these basalts the pleistocens riverbed

deposits can be found. Also plateau basalts have bsen found

Quaternary Sedimentary rocks only cover a small part of the|arsa.

Some remains of Quaternary terraces are found together with
recent alluvial deposits.

3.2. Lahars.

the

Because of the Fact that the pheﬁmmenun volcanic depression in

this area only appears when the parent material is lahar of

thea

Mount Kenya Uolcanic Group, the phenomenon lahar is given special

attention here.

Among the strictly volcanic processes which widsely distribute
- debris, both coarse and fine,_is the volecanic mudflow, termed in

Java ’1ahar
Various agancies can cause a lahar:

s Small mudf lows nf a qu1te urdlnarg, i.e. non-volcanic,

kind
ocour commonly and help to distribute and re-distribute the
apron of volecanic ash. A&t first the volcanic ashes cool,

after that the ashes become waterloggsd. The ashas can bpcoms
waterlogged by the torrential rains that ™ accompany and follow

some eruptions, and form a ’‘cold lahar’ In Java thase are
termed 'rain lahars’. Rain due to CDﬂdEﬂSBtan of vapou} of
volcanic origin is not a8 necessary accompanlmanti af
. eruptions, but rain Falling in the ordinary course of events,

especially tropical rain, may be guite sufficient to Ccause

extensive sliding and redistribution of unconsolidated a

mudflows (COTTON, 19443 . An exampls is ths Vesuvius arup%

i
i

i
§
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H
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Italy, in 1806.

- Major lahars, on the other hand, have resulted from a mip

of ’‘nuees ardentes’ with river waters, causing a 'hot .lg
Nusaes ardentes ars 'glowing clouds’, consisting of a mi
of extremely hot, incandescent fine ash and coarser

Fragments permeated with hot gases (THORNBURY, 1954)
example is the Merapi eruption, Java,

- Many great lahars in Java have bheen caused by the
evacuation of crater lakes. This type can cause 'hot lah
resulting from uprise of cumulo-domes in the lakes or
aruptions which blow up through them, or it can cause
lahars’, caused by the sudden escape of crater—lake w
liberated as a result of an eruption or otherwise (CO
13440, Examples are found at St.Vincent, Antilles (1502)
at the Keloet volecano, Java, (1B35 and 1819).

_ i
~ Other destructive mudflows have heen ascribed to the melti

gling
har*.
xture
rock
. Bn

rapid
ars’,
From
‘vold
aters
TTON,
, and

ng of

snow and glacier ice by volcanic heat (COTTON, 1344), cauéing a

'cold l1ahar’. A very disastrous sxample is the "md
accompanying the stuption of the Nevado  del Ruiz, Col
£1885), in which thousands of people died.

The watesr mixes with the voleaniec ash and forms a wvast

dflow
ombia

muddy

stream, and this sweeps along also cparser debris, including in

some cases great guantities of large boulders of lava
Lahars Ffollow mainly channels already existing, Filling
temporarily to the brim with rushing torrents, but mostly le
them empty again. The whole stream travels far and may sprea
and deposit its load of debris on level land at the base oq
volecano., Stiff Flows come to rest in thick convex tongues, b
the case «of those containing much water the surface be
Finally *that of a thin fluid’ and spreads out a8
horizontally (COTTON, 18443,

rock.
them
aving
d out

the
Ut in
comes
1most

-During ths eventual settlement and draining out of lahar-

transportad matesrial specific landforms arise. Very exte
Fields. of mounds and hummocky  landscapes on the p
peripharical to the volcanc are most common. Examples are
mound field of Tasikmalajas near the Galunggung volcano, Java
. mound field " at Bandaisan, Japan; and the mound field " in
" Tongariro National Park, New Zeaiand. Depressions in lahars,
in the Chuka area in Kenya have so far not besn reported.

. pther areas. -

nsive
lains
the
., the

like

the -
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basamant system area., ...

3.3. Geomorphology of the research arsa.

The ressarch area can be divided in two distinct gsomorphological

~units: the volcanic deposits of Mt. Kenya in the West and tha

basement system terrain in the East of the area.
Mt. Kenya which is a remnant of a Tertiary wvoleano, has =a
relatively Flat profile. The Western part of the area cmmprlses
the Eastern part of Mt, Kenya slopes, up to 2000 m. Thesa slopas
are classified as mountain footridgss.

The mountain footridges are strongly dissected by perennial
streams and rivers, descending from tha mountain. The [major
streams, Nithi, Tungu and Naka river have cut gorges in tha
volcanics., The valleys whigh dissect the mpuntain footridges ars
an cther geomprhological unit.

The wvolcanic depasits gradually bscome thinner towards the [East.
The lowest, relatively thin, Fflows reflect the Flat sub-Miocene
peneplain landscape over which they spread widely. Now thess
Flows are strongly ercded and dissected. They form so callsed
uplands as a transition From the mountain fontrldges to the

In the volcanic deposits the so called volcanic depressions are

situated which are classified as bottomlands. These are
elliptical shaped, concave depressions which mostly have no
outlet. In the rainy ssason water accumulates in these

depressions, causing small lakes or swamps.,

The basement system Fforms a dissected, rolling landscapes,
classified as uplands. These uplands are the remnants of| the
basement system rocks which have been lowered well below the
level of the sub Miocene peneplain. The higher isclated parts of
these uplands, with slopes of 30% or more but with & relief of
less than 300 m, are celled hills. The parts of the basement

system with steep slopes and 8 relief of more than 300 m)| are
classified as mountains.

Another landform is formed by the remnants of the river tercgaces

~.which -are -called - alluvial plain if they ars recognizabl as

terraces bscause of their flat topography and their alluvial
deposits. Mopst  of the tesrrace remalns are to strongly dissscted
to bs called alluvial plain.

'The .village ‘of Materi is situated on a Fflat area built wup of -
basalts and bcrdersdw~inrtherwest by a small - scarp, which is - -

called a platsau.

The last landfForms distinguished in the research area are | the

footslopes. The footslopes border same of the hills and mountains

in the Eastern part of the area and sre Furmad bu cnllublal“
materials from these mountains and hills., ' '




3.4. Theoriaes about the origin of volcanic depressioﬁs.

After tha literature study and the study of the

photographs, several theories about the origin of the v
depressions were propossd. For esach of these theories a
characteristics of the volecanic deprassions were made

should be found in or around the depressions to suppart or
the theory.

-~ Escape of gas.

The hot lahars, which are the result of the mingling of
ardentes with riverwater, and the hot lahars formad

uprise of a cumulo dome in a craterlake, contain a lot
and vapour in the matrix of mud, ashes and boulders. W

asrial
olcanic
list of
which
Oh jsect

NUEESs
by the
éf gas
hen the

mudflow looses its speed the gas concentrates and ascapés to

the atmosphere whern the lahar depasits.

This proces should form circular shaped depressions spre
the area in a random way. To support this theory ther
must be porous consclidated lahar because not all g
vapour can gscape immediately after deposition of the £1

~ Faults in lahar or basement system rocks.
Due to tension faults in the basement system rocks and

consolidated lahars, loose surface material disappea
‘depressions are formed.

ad over
e also
as and
ol .

in the
rs and

The depressions must be situated in lines with the| same

direction as the Ffaults and each depression shou
orientated in that direction. There must alsc be =a
tension faults becauss there are many depressions
resgarch area. '

.= Subsidenca of lahar dus to undermining I.

lq be
lqt of
in the

'b%ue to éubsurfacs erosion by groundwater caves are formed. When.

the consolidated lahar above a cave subsides a depress
Formed.

ion 1is

. This means that the Formation of the volcanic - depressions is

still pgoing on, &and that the lahar is permeable aor has

a 1ot

of cracks whers water can go through. To support this theory,

caves must be found and-seepage must occur,

- Subsidence of lahar due ta undermining II.- - -

In the contact zpne of the basement system rocks and the
consolidated lahar subsurface erosion occurs dus to a diffesrant
_permeability of both types of rocks. As a result of subsidence:

the volecanic depressions are Formed.
- The volcanic depressions should be found only in areas

where

the lahar is thin and where the caves, Formed by the subsutrface

erosion, can collapse.

10
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- A smallnm hole.

Another theory about the-origin of the valdanic depressions is

the disappsarance of surface matsesrial by way of ai hole
egquivalent to a swallow hole in a karst region.
Apart of a hole in the lowest point of the depressions| also
subsurface erosion must occur to transport the disappearing
material. :

- Concentration of water on tha lahar surface. .

After the lahar has been deposited and before consolidation of
the lahar, the water escapes out of the matrix toc the surface,
because its specific gravity is lower than the specific grhavity
of the snlid materials in tha lahar. This water concentrates on
the still transformable surface of the lahar and little [lakes
are Fformed. After consolidation of the lahar and disappearance
of the water, depressions stay behind.

~. Differences in texture of the lahar.

In most of the descriptions of landforms in a lahar landscape,
somewhat conical mounds that have been left by cparse deris
are described. These mounds, which have heights up to 15 m, ars
situated in a simular way as the volcanic depressions | (see
Figure 3 and appendix 17. - '

Figure 3 The summit of Galunggung volcano, Java, and | the
moundfield of Tasikmalaja. (After Escher, 1820%

11



JAGGER (1830; in COTTON, 18443, who has describeg the
moundfield now existing where the debris of the Bandasian in
Japan cama to rest, Finds that the material has sunk awaé_from
its highest 1level, which corresponded with the tops c§ the
mounds, Thess mounds and the simular mounds described by
'BARTHUM (18926; in COTTION, 184%4), and GRANGE (13931; in COTTON,
1944), all have hard bouldery cores.
The explanation for the origin of the mounds can zalso bhe| used
For the origin of the volcanic depressions. In contrast! with
the hard bouldery cores which form the mounds, a lahar [(could
also contain parts with a Finer texture and a higher
watercontent. When the lahar deposits and the surface sinks to
a lower lsvel, thesa parts should sink to a lowser level| than

its surrcundlngs due to a difference in texture and
watercontant.,

Equivalent of the development of a volcanic sinkhole.

The origin of the volcanic depressions could be the same as ths
developmant of voleanic sinkholes in lavaflows., When a lavaflow
cools down a solid crust is formed and beneath this crust the
lava -still Flows. The vplcanic sinkholes are formed by
subsidence after the removal of fluid lava beneath the solid
crust, RAlss in the lahar a crust can be formed due to
evaporation of the water in the upper layers of the lahar,
while beneath this crust the lahar still flows. Eguivalent to
the formation of the 51nkholes the volcanic depressions are
formed by subsidence. :

ic
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3.5. Uoleanic depressions.

Nearly all the volcanic depressions in the Chuka area are

- slliptical depressions in consolidated mudflows, called lahars of

the Mount Kenya Volcanic Group.
The lahars in the area are slightly porous. Remnants of small gas

bubbles are pressnt, but the lahars are almost impermeable. No
major cracks in the lahar have been found.

Dn the Chuka mapsheet there are about 140 volcanic depressions
(see appendix 1), but indications have beaen found that there have
been many more depressions, mainly in the north-west of the
mapsheat, which have been cut by a stream by backward erosion and
now Fform a valley upper—-esnd, not recognizable anymore as a
volcanic depression. Uslcanic depressions have been found|which

{am

drain into a stream nearby (e.g. the wvolcanic depressions
- Karurumo—-II, Kasafari-I1 and Kithangani-I, see appendix 2J,.
‘Beologically seen it won’t take much time, Ffor these depressions

to become part of a valley. Soc the velcanic depressions ars
fFossile landforms which slowly disappear. Aerial photagraphs
indicate many places of valley upper—ends being originally
volocanic depressions. For a list of the main characteristics of
the volecanic depressions, is referred to appendix 2.

"The elliptical shape of the volcanic dspressions was proven by
the cross sections and longitudinal sections through the

depressions done by hand augering (Figure 4, 5, B and 73. ! From
these sections can be

: [:D:aurgering .
: E“Emurram I
- }lahar

!

i -

P , loo_m

Figure 4 Cross section of the volcanic depression at
Kyamboa Pri. School.
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F’ig'uré:;‘_.i Longi tudinal sec!:tiioh of the volcanic depression at Kyamboa Pri. Scheol..
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Figure 7 Longitudinal"'ééé_tidn of the volecanic depression at Kegonge Sec. School.
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Figure B Cross section of the volecanic depressicn at !
o Kegonge Sec. School. '

seen that the slopes in the cross sections are much stesper| than
the slopes of the longitudinal sections. The goal of Bvery
augering has bheen to reach the lahar. Materisl has heen Found
which is called ‘*rotten rock’, weathered lahar. It consists of
white pulverized material. The best places to see it are! the
‘murram’ pit at the Embu - Ishiara road near Ugweri, and saveral
places along the Embu — Chuka road near Kyeni.
Looking at the cross and longitudinal sections it seems that ths
present surface relisf is bigger than the relief of the surface
of the rotten rock. In the depressions the soil depth ranges!from
100 cm to 150 cm, but on the mountain footridges soil depth! can
be several meters. Augerings have been done up to 550 comi and
still no rotten rock was reached From the  augerings can be
concluded however, hecause traces of weathered lahar in the scils
and houlders of r851stant lahar and .phonolite at the surface ‘were
Found, that originally the present sucface aof the landscape has

.7 been the surface of the lahar.. The,weathering-i”fthe=middlé'LDE”’“”

“the " depression has not been so strong as on the edges  of | the
depressiocn and in the surroundings on ths mountain Footridges and
the uplands, possibliu due to thE“diffarent drainage conditions
and biological activity.”™ —°° © 750 L

In the centre of tha voleanic depressions the surface of | the
rotten rock is mostly almost flat, or very gently sloping (fibure
¥ and 5).  In the centre of the volcanic depression at Kegnnga
Sec. Schuol where seems to be a hole in the middle, a datailed
survey has hsen carried out: 22 aupgerings and a larga prafile
trench (Bm * 1 m * 1.3 m) in an area of 286 m * 10 m. From éthe
cross section and the longitudinal section (Figure B and 3) can
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Figure B Detailed cross section of the centrs of the volecanic
depression at Kegonge Sec. School (incl. profile
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Figure 9 Detailed longitudinal saction of thas centre of the
volcanic depression at Kegonge Sec. School.

be seen that the weathersd lahar surfaée “the rotten  rocki  is
very gently sloping towards the lowast pﬂlnt .at -augering no. 3,

- but _thers - is - no such thingas a hole where water - and/or soil

h materlal disappears into tha dasp

_'From the sections no evidence is obtained that brings volcanic
depressions in relation with faults. 0On the aerial photographs
some Faults have bsen recognized,  but none of them is connected
_with the volcanic depressions.— -« 7 o0 |

In the field it has been noticed that the volcanic depressions in
the Chuka area all have a certain direction. . The largest ax%s of -
the elliptical depressions is directed -in a way that seems  to

have something to do with the diresction: from where the lahar+flow
~has come (Ffigure 107,
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In the north of the research arsa, the-volcanic deprassions show
a west-east direction, and the direction from whers the lahar-
Flow came is the same wast-east direction. In ths area bstwsen
Chuka &and Runyenjies the depressions have a northwest-southeast
directicn, also corresponding with the direction from where tha
lahar came. The volcanic depressions in the south-western part of
the research area are s special cass. These depressions; show
various directions, corresponding with the lahars that have! flown
around the Basement System outcrops (like Karue hill) which are
situated there. Southeast of Xarwe hill a valley has arised
hecause the lahars havs not filled up the arsa completsely.

i

Some of the depressions are connected. For instance the

deptrassion at Weru has a subsurface drainage into the bearbg

depression Kithangani-I1I. The depression Kamarungu-1 is draining
its water over the surface into the depression KamarunguwIIi The
depression at Kyambpoa Prim. Schopl is now & large dapre§sion,
originating from two dspressions, now connacted. A cross section

has bheen made that shows the narrow crossing betuween thé tuwo
depressions (Figurs 11).

: E::];augering
: Eg%g murram
lahar

C | | I ;o
NO: 42 4140 4 43 ’ 0 100 m

_ Figure 11 Cross section of the volcanic dspression at Kyamh

o Pri Schonl: croassing betwsen the tuwo depressions.-

The depression there is only 50 m wide. In the other parts éE the

.depression it is 160 m wide. . Also the surface of the rotten rock ..

is not - flat but sloping to hnth sides. It is pnsaibls thét in
future more depressions will become connected..- - - i
i

In many volcanic depressions,  the so called 'murram’ appeérs in

the soil. Murram is a local nams for very hard irnn~manganssa
concretions. It appears in layers which are as hard as rnck and
almost impossible to penetrate by auger (Figure 5, & and 7). In

~ many depressicns it has been noticed that most. and hardest murram
"lappears .’ in.. the north-sast to -south-east <corners of the

depress;ons. e.g. the depressions at Kegonge Sec. School (figure
6 and 73, Kyamboa Pri. School (figure 5), Gikuuri-II, Kanyambora,
Karigiri, Karurumo-1 and the murram pits at Ugweri
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and Kasafari (appendix 2). The precence of murram in the suoil is
due to certain drainage conditions. Formerly the depressions had
a8 subsurface drainage-in-north-sast-—to south=gast’ direction.
Becauss the present drainage-direction is mostly smuth—aast it
is clesar that drainage conditions hava changed . It is possibla
that wvarious overturns, part pf tectonic movements in the
Pleistocene, played a role. Tsmporary changes in drainage can
have been due to some overturns. More information on  the
overturns can be found in the genological raport of the rasearch
area by VELDKAMP & UISSER., |

In most of the volcanic depressions a pond is formed in the rainy
sgasons, which varies in depth in the various depressions Egom 10
cm. up to 300 cm. In very wet years, like 1861, ths pands can
become even deeper. Shortly after the rains ths water-laval is
dropping - very guickly, because the spils at 'the sidses ara! very
permeable. Most of the water Flows away underground, oveﬁ the
almost impermeable rotten rock. Most of  the water is not
disappearing through svaporation, because the elactrlc

‘conductivity, which should be high if there is much evapcration

is wvery low. In a3 few depressions there is still a pond or
ponds, in - the dry seasons. This is due to almost imperﬁeabls
heavy clays (mostly classifisd as Gleysols) which cause the water
tn stagnate. In the east of the ressarch a@rea the volcanic
depressions are drisr, and in some cases ponding never occurs,
due to a diffesrent climate.

18



3.6. The origin of the volecanic depressions,

By combination of the study of the literaturs and of ths

asrial

photographs with the field observations;  most of "thé “hypothesis
- {section 3.%4.) could be rejected. All will bhe discussed below.

3.6.1. Re)ectsd hypothesis.

- Escaps of gas.

None of the volcanic depressions that have bsen examined is
circular shaped. They all have slliptical Forms, accept from a

few with irregular shape. Besides the shape of tha depressinns

they are also too big to be Formed by an escape of cuncengratad
gas or vapour. A rough estimation of the volume of the hig
depression at Kyamboa gives a velums of 700,000 m3. an the
depression at Kegonge it is estimated at 800,000 m3. This \means

that - the lahar should have had a very high gas or

vapour

content. However, only a few small pores and gas huhble§ have

been found in the consolidated lahar.

~VUalecanic depressions  have been found situated next ta§ gach
agther, which means there should have been two big% gas-

concentrations close to each other, which seems

tec be

impossible. It would be logical when during the concentration

of the gas one big depression is Formed.
~ Faults in labar or basament system rocks.

This theory is not very likely because thers are a

lot of

volcanic depressions in the resesarch area . It’s unlikely that

thay a1l have been formed due to faults. Both on the

asrial

photographs and in the field, only a few faults have | baen
discovered and mast of these are not tension Ffaults but
transcurrent faults. ~In the lahar no faults have been Found at

all.
Just a few depressions seem to be situated in

a | line

corresponding with the direction of most of the Ffaults J(Weru

and Xithangani - I+IIJ  but in-fFact they are situated

ini the

uf dirsction of the laharflam (Flgura 10) llka the other volcanic’

“_deprES51mns

~ Subsidence of lahar due to undasrmining I.

s . : AP R .
The origin of the volecanic depressions-due to undermining ® is .-

also not vary likeluy. No caves or major cracks in the lahar, in

. which material could disappear, -have been Found,
Besides a2 small sespage horizon behind the materfall
"Bitwa nesar Kathungu, no sespage was found,

in] the

Finally, according to this thesory the formation of the volcanic
depressions should still be going on. In reality thaga'are

. disappearing by erosion.
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~ Subsidence of lahar due to undermining II.

According to  this theory scvbsiurface erosion ococurs iﬁ ‘the
contact zone of the basement system rocks and the cmnsnlidated
lahar due to a different permsability of both tupes of rocks.
The erosion should be caused by the lateral mavemeﬁt of
groundwater over the basement system rocks.

There is no evidence for the existence of caves in this contact
zone. In most of the arsa, coversd by the lahar, the lahar is
to thick (up to 100 m> to collapse if there were caves in the
contact =zone. Only around the basement system outcrops and in
the East of the area the lahar is thin enough to collapsé but
the wvolcanic depressions are not limited to this areas !cnlg
Like the rprevious theory, according to this theory the
development of the volcanic depressions should continue while
in Fact they are disappsaring.

- 3 swallow hole.

. i
3.6.2. Possible ocrigins. %

- Concentration of wate; on the lahar surface.

i

’;

The detailed survey of the centre of the volcanic depressiLn
Kegonge Sec. School (Figure B8 and 9) has praved that there
no swallow hole in the middle of the volcanic depressions.

at
is

The proces of water draining out of the mudfiow to the surface

" has been described before by MOHR & UAN BAREN, 1872., The

decrease of speed, necessary for the lahar to deposit and! the
water to drain out, took place because the area where| the
valcanic depressions are situated is a former plateau. Dnlg the
elliptical form of the volcanic deprassions cannot be explalned
well by this theory.

‘;
- Diffarences in texture of the lahar. !

= Equivalent of the developmant of a volcanic sinkhols.

. : g :
Evergthlng seams in favcur of - thlS thenrg, "but there was no
. possibility to examine the-lahar below and besides the volcanlc
depressions  on its texture due.to lack of time and espec allg
material (no drillings could be made in unuwsathered Har).
Also no useful exposure has been found to examine the poséible
difference in texture.
What supports the theory is the location of the volecanic
depressions, which are situated in the same pattern as | the
mounds, described in section 3.4. (Figure 3 and appendix |13,
and the elliptical shape of. ths. depressions which resemhlesitheT-
conical forms of the mounds described in the literature.

The direction of the volcanic depressions, the same as | the
direction of the lahars, supports this theory. However, ! no
svidence has been found about the existence of haoles or tunnsls
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‘Figures 12b.1 and 12b.2 are showing the next stages in
.development of the volcanic depressions. The upper layers of

. middle oF ths volcanic deprassions-has-not- been-  wsathared

* depressions.

-volecanic depressions.  In this situation also in the highest

side of the depressions.

in the lahar that didn’t collapss. Also there is no ev}dence
that the lahar has formed a solid crust, which is strong

enough to endure for a while, It may be possible
depressions uwere formed hecause the crust was pulled
smoothly due to pressure-differences below the crust.

~ Subsidence due to the presence of ica.

that
down

This theory is based on recent observations of wvolcanic

eruptions, It is known that larpe pieces of ice (parts
glaciers) are carried along with mudstreams (KROONENBERG (1

of
986,

personal communication). Mount Xenya has at the moment a

snowcovar above 43800 m. and saveral glaciers. It is known
there has been more snow and ice on Mount Kenya, because
volume of ice is decrsasing. |
It  is ‘thought that during the time when the lahar was %D
large parts of the glaciers bhrpke off and were carried a
with it, either upon or within the lahar. This ice melted a
some fime when tha lahar had - completely or almost - sto
moving. This resulted in a subsidence of fthe lahar
depressions were formed. The slliptic shape of the depress
could have bheen developed becauss the pisces of ice had su
shapa. It is likely that most pieces of ice were carried in
lahar with their longest axis in the dirsction of ths Flouw.

3.7. Davelopment of the volcanic deprassions.

The weathering of the lahar in the volcanic depressions has
been homogensous in all parts of the depressions.

The schematic development of the volcanic depressions is show
figure 12, derived from the loengitudinal and cross sect
(Figure 4,5,8 and 7) and augsrings in the other volc
depressions (appendix 2.

Starting point of the weathering of the volcanic depressioné
shoun in figure i2a. The volcanic depressions, formed by on
the previous theories (section 3.4. and 3.6.), consist only
mixture of wvolecanic ash, mud and phonelitse that has
consolidated to a hard rock. ' o ' -

consplidated are weathered,” in figure 12b.1 can be ssen that
strong as the edges and the surroundings of the depressions.
is possibly due to the different drainage conditions
biological activity in the very poorly drained ceantres of

Figure 12b.2  shows the weathering that occurs in some oOf
of the depression, the left side of the figure, the weathe

seems to have been less strong. In these cases very resis
rock, with a high phonolite content, can alwsys be found on
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The Ffinal stage of the developmant is shown in Figure 1acL The
surface of the rotten rock is slightly inverse to the relief, due
to tha difference in weathering in the still
middle of the volcanic depressian.
this invarsion
much more,

poartlg drained
It is not very likalg\ that
of the rotten rock surfasce is going to

increase
because due to the permeability of the socil the juwatser

in the middle of the voleanic deprassion can drain quickly  over
the almost impermeable rotten rock

A first stage

|

’C'hcrf | - %
, |
// W %

|

B middle stage

C fmal stage

N ——

|
. - é
Figure 12 Schematic deavelopment of tha_vnlcanic depressions, 3
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Chapter 4. CLIMATE. . e R
| |
i
4.1. Rainfall. ‘

' |
The research area is situated at the windward side of Mt. Kenya.
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Figure 13 The average annual rainfall 1
|
(source: Jaetzold, 18983) !

The rainfall varies from an average annual rainfall of EEOQ’m& in
the north-west, at an altitude of 2000 m, to less than 750 mm
nsar the Tanma river, at 700 m, in the sastern part of the aresa
(sas figure 13), The variation in rainfall is mainly due to |the
variation in altitude which, in gensral, . increases frcm;eas@ to--
——--west, - hut . also the water recycling effect of Mt, Kenya forest.
The influence of the altitude on the amount of rainfall can i
be sesn in the eastern part of the arsa. The Nuyamatu and Kigiro
mountainous areas re|ceive an average anmual rainfall of mors Hhan
800 mm while the surrcunding area receives not more than 750-800
'mm of rainfall per year.  In the area where the 'volc@nic“ :
depressions are situated the annual rainfall varies from 1550 mm -

to 1000 mm, the stations shown at figure 14 represent the easgern
and western part of this area. )

|

~of the rainfall is concentrated in two rainy seasans. ?her
- First rainy season is from March to. May with-most-rain fallingpin =7
Aprily T The - second rainy season lasts from October to Decembar
with most rain falling in November. !

i
i
The dry seasons can be divided in a short dry season during

January and February and a longer dry season lasting from Juneito
September. During these dry seasons still some rain falls in_tﬁe

|
also

Most
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western half of the area, in contrast with the sastern part of
the &area where during the long dry season no rain Ffalls.| This
contrast even exists in the small arsa whers ths volcanic
depressions are situated (Figure 1i4). o

Most of the precipitation, during all seasons is in | short
showers with high intensities,

Bf great importance for the agricultural production i§ the
reliability of the rainfall. Thes reliability of the rainfall in
the research area is shown in Figure 15 and Ffigure 16. | These
Figures give the amount of rain in mm which is exceeded in at
least B out of 10 years. The thick lines connect the points with
the same B0% reliability of rainfall.
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Figure 15 80% reliahility of rainfall in agrohumid
period of fFirst rainyg season
- (source: Jaetzold, 18B3)
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Figure 168 B0% reliability of rainfall in agrobumid
period of second rainyg season
(source: Jastzold, 1833
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_appear in the Nyambatu and. Kibiro mountainous-arsa.

For the area with the volcanic depressions the BO% reliahility of
rainfall varies from 1150 mm to 650 mm.

4.2. Temperaturs.

Like the annual rainfall, the mean annual temperature zones show
an east-west tendency (ses fig. 173, the lower east part of the
area is relatively warm and the higher western part is cooler.
The maan annual temperature varies from 15-18 ol in tha narthmest
part of the arsa to 24-30 oC in the eastern part. The vnlcanlc
depressions are situated in the area with annual temperatures
that vary from 20 to 2% ofl. The mean maximum temperature in this
area varies from 26 to 30 oC and the mean minimum temperature
varies from 14 to 1B oC.

i

® Chuks

® Runyenjes

®Enz _1{//

- mean annual mean maximum mean minimum
zone temperature temperaturs - temperature

oC ©al ol
U i5-18 22-24 10-12 -
Iy 18-20 2426 ig-14
I11 20~-22 25-28 14-16
I1 ee-24 . 28-30. . - i6-18
I 24—-30 i . 30-3b 18-24

Figura 17 Temperature zones (source: Braun, 138820

%.3. Potential evapotranspiration.

pccording to  Braun 1882, the average annual - potential
evapotranspiration  (Epl)” "varies Ffrom 1200 to 2000 mm. -in! the

north-west of the arsa to 1650 to 2300 mm in the sast of| the

research area (sesg fig. 210, i
The ratio of the average annual rainfall (r) and .the. average

_annual_potential-svapotranspiration—varies-from 80%-in the north-"""

west to 25-40% in the =sast of the area. Higher ratios in theieast
-

H
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Chapter 5. SOILS.

5.1. Soils in the volcanic depressions. ;
i
The soils in the volcanic depressions and on their slopa$ are
strongly related with the physiography. : : §
All soils are developed on consolidated lahars, which are
weathered to soils with a clayey texture. 0On the reconnaissance
soil map of the research area these soils are not specified. They
are 1in one mapping unit: the bottomlands. In the semi-detailed
surveys the soils have the code BV, which means spils of the
bottomlands developed on consolidated lahars. The variety of
soils does not appear on the map however,
Because of the concave relief of these volcanic deprassions the
soils are strongly influenced by the groundwater. It depends on
the size of the depression, on the drainage-class and on the
length of the ponding periocd which type of scil is dsvelaped
For a map of the soils in the volcanic depressions see fFigure 18.
There is a general soil-sequence in the area from the bctto@s of
the volcanic depressions to the upper—-slopes, the transition to
the physiographic units mountain footridges or uplands: %

Soil type : Bottom of Lowegr to dggar
deprassion middle slopae slgpe

i
|
§
i

- pellic Vertisaols

- vertic Gleysols

- dystric/humic Slsysaols

~ gleyic Acrisols

~ ferric Acrisocls

= chromic/humic/orthic Acrisols
- dustric/humic Nitosols X

b I

X X X

For the description of the soil units seses appendix 3.

Pellic Vertisols, soils with a clayey texture, ars davalcpgd in

..hig wvolcanic depressions, ponded in two periods of the gear.
~ Because the groundwater disappsars quickly  after--ths raingVQ;-
" seasons, the soil dries out and large cracks are Fformed.. These
- ecracks arg Filled up with top-scil material or surface matsrlal

When the soil turns wet again, it expands, and the- spemlfic
gllgai’—ralief (micro—basins and knolls) is Formed.
When the grounduater-level does not drop below 100-130 cm, cnlg.

- vaertic properties-can be déveloped;-because- the-snil does- nat dary

enough t6 form large cracks., In this case the sgils are vartic
Gleysols.

In smaller dapressxnns or in depressions mhichmdc,nut,drg»nutr‘w"m.
“common soil-types are dystric or humic Bleysols. All these soils

have a high lutum—-content C(about BO%3 throughout the prclea;-and

- have reduced ’ B-horizon. They have hydromorphic propercties
i

within 50 cm. :
The most common soils on the” hcttsms of the volecanic depres%inns

|

5
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LSOILS IN THE VOLCANIC DEPRESSIONS
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Soils in the volcanic depressions.
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are gleyic Acrisnls, soils with hudromorphic propertiss within S0
cm and an argillic B-horizon. These soils have a lighter texture
than the previous soils. These soils appear on the bottoms of the
volecanic depressions—as well-—as on the lower =slopes af the
depressions. They are a transition to the scils on the slnpas.
They appear in depressions which are ponded frequently, and in
depressions which are occasionally or rarely ponded. Du? to
their position, on the sides of the depressions, some gleyic
Acrisols contain ‘murram’, because of the varuing gruun@matar
table. ]

The gleyic Acrisols change into Ferric Acriscls, socils with an
argillic B-horizon and ferric propertiss: many coarse m@ttles
and/cr discrete nodules. Most murram is found in these soils,
somatimes in thick layers starting within 100 cm. These spils are
situated on ths lowesr and middls slopes of the volcanic
depressions. In depressions with little or no water in the rainy
seasons, Farric Acrisols are found on the bottom of the

 depressions. In the sastern part of the Chuka map-sheet,  with

i
drier conditions, a farric Acrisol has been found on the uppar—

slope of a depression (Kithangani-IJ. In these soils the
groundwater level is mostly very deep.

On the middle and upper slopes, soils are developed which gdcn t
have hydromorphic properties or ferric properties. These are the
chromic, humic and orthic Acrisols, spils mostly with a tcp soil
of silty clay, and a sub soil of clay. Within 150 cm. theiclag-
content decreases. Thess soils can be the transition to the
Nitosols, like in the western and northern part of the Chuké map-
sheet, or can bs the present Final stage of scil—develngment,
like in the southeastern part of the Chuka map-shest (Kanyambora,
Kamarungu-I & II). They are not ponded, and no watarl@gging
occurs, i

In the biggest part of the Chuka map-sheet extrem=ly deep,§ uell

" drained, dark reddish brown soils ars the main soils. Alsc an the

upper—slupes of the volcanic depressions they are the main SDllS
They are classified as dystric and humic Nitosols CKengan

conecept: "Nitisols)., They have a deeply stretched clay |bulge

(argillic B horizon), but the increase in clay percentage is only
gradual from the A to the B horizon, and there is no or only a
slight decreasse from the.B.to.the. C horizon. The term—’nitic’~ B

" horizon has been proposed on the basis of the availabls | soil

information mainly fFrom Xenya (SIDERIUS & VAN DER - POUW, - 1380).

- The soils have Favourable physical properties, such as a | high

aggregate stability.

~Dn a few places in thea south-sastern part of the Chuka map-sheet

humic  or chromic Cambisols are-found-on-the uppsr slopes of  tha”

volcanic depressions. Thesesoils are lacking claytransport,, and .
only have an altered B horizon (cambic B horizonj, lacking
properties of other diagnostic B horizons.

In the volcanic depressions at Kyamboz Prim. School and Kegonge

" rSEC.~SChDDl destailed spoil-maps have been made (figure 18 and§203

mainly on the basis of the augerings which have been done for tha
genlogical survey (see chapter 3). For maps of the augerlngs in
these two deprassions ses appendix 4 and 5.

From Ffigure 19 it is clear that the depression at Kgamboa
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5.2 Chemical data of the soils.

consists of two depressions, now connected. The narrow créssing
also is reflected in the scils. 0Only a small part there consists
of GBleysols. Murram has beent found only in the south-sast corner
and below the crossing of the two depressions. In the nnrth-east
corner no augerings have besn done, so thers is no infcrmatlnn
about the presence of murram there. In this depression istill
ponds exist at the end of the dry season, but by than theg hava
almost dried up. The groundwater-level was about 110 cm below ths
surface (Just hefors the rainy season) so only vertic propertias
could ke developed.

From Figure 20 the existence of murram in the nort-east to south-
sast corner of the dspression is very clsar. On the cpp051ta side
no murram has been Ffound. That side has steeper slopes which is
reflected in the scgils. Like in the depression of Kgambca,gthere
is a spil-sequence Gleysocl - gleyic Acrisol - ferric Acriscl -
dystric Nitosol. i g

In the wvolcanic depressions are twec profile pits, from which
samples have been analysed in -"the “National Agricultural
Laboratories in Nairobi. In eight other volcanic depressions,
soil samples were collectsd which were analysed on soil reaction
(pHY and eslectric conductivity (EC).

PROFILE DESCRIPTION NO. 30

Date/ ssason : 21/06/85; end rainy ssason

Sheet-phservation no : leg/3-30 '

Coordinates : 3543 E, 898505 N

Elgvation : 1 1170 m

Author : W, Simons

‘Seil mapping unit : BU

Spil classification -FAD : dystric GLEYSDL

~ Soil Taxonomy : haplaguept

Geoclogy . : Mt. Xenya Volecanic Group

FParent material : consplidated lahars

Physiography : Bottomland g
- Maero-relief - sy undulating o 3
-Blope (langth, shape and pattern) : complex:
" 8Slope gradisent : 1% '

Position on siops. R |

Meso- and micro-relief : nil §

Vegetatiaon/ landuse LT o3 pasture, used For grazing oo
.. Erosion - Pt o nil T

Rock outcrops ¢+ nil

Surface stoniness. - onil

Dverwash - : : nil

Surface runoff = : ~ 1 ‘pandad

Surface seal1ng/crust1ng/cracking"hwstrnng crustlng,“s mm_thick - -

~“Dirainage class : poorly drained

Flooding : Frequent and regular

Groundwater level Cactual) : temporary shallow

Presence of salts/ alkali : nil
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|
Soilfauna influsnces : limited 1
}
l
]

Expected rooting dspth : moderately deep
Horizons:
Ah 0-8 cm Black (7.5YR 2/0) when moist; clay; strong fFine

subangular blocky structure; £irm when méist,
slightly sticky and plastic when wet; common
biopares; common fine roots; clesar and wawvy
transition to: %

1

Cg 8-85/45 cm Dark grayish brown (10YR 4/2) when moist; clay;
many Fine prominent yellowish red mottlas;%strcng
coarse subangular blocky structure; firm when
moist, slightly sticky and plastic when wet; common
bioporss; common medium and Fine roots; clear and
smooth transition to: %

Cpcs 25/45~6B5 cm  Dark grayish brown (10YR 4/2) when maist; very
gravelly clay; may fine prominent red mottles;
strong coarse subangular blocky structura;gfirm
when moist, slightly sticky and plastic when wet;
vary frequent spherical iron concretions, %-20 mm;

: : |
few biopores; common Fine roots; clear andjsmncth

transition to: ;
|
G B5-90+ cm Dark gragish brown (10YR /22 when moist; élag;
strongly cohaerent parous massive structure; Firm
when moist, slightly stickuy and plastic when wet;
vary few bhispores; no roots. |

E
]
3
Remark: ironstone layer at 30-35 cm,

Sgil test report:

Depth in cm 0-8 B-25/45  25/45-55 £5-90
_ Bravel % ; . R -
CTSand % - 23 15 . 33 13
U811t % ... 5 15 8 7
. Clay % _ 52 70 58 80
“Texture class - - - C C c c
-~ pH-H20 1:2.5 suspension- - - . S.1.-...-.. 5.0 5.2 - - | B.1
“-pH=KC1 1:2.5 o 3.3 3.5 4.1 i 4.9
EC (ms/cm) 1:2.5 - 0.05 0.07 0.05 g 0.18B
C % BB 0.88 . 0.83. ,Wgwo.szﬂ
~CEC~(me/s100gy " =7 o 246 18.5 14,2 1 10.2
gxch. Ca (mes/100g) _ 2.1 1.9 1.7 i 3.5
“exch. Mg (me/100g) 0.7 0.6 0.7 L 2.5
exch. K (ma/100g) 0.4. 0.2 0.2 L 0.2
exch, Na (me/100g) 0.2 0.2 0.2 % 0.2
i
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sum cations (me/100g) 3.3 2.8 2.7

5.3
Bas. sat. (%) 13 15

Qualitative CaCO3 + + + +
Depth in cCm 0-20 !

pH 5.5 |
total Na (me/100g> 0.70

total K  (me/100g) 0.32 1
total Ca (m=/100g) : 2.4

total Mg (me/100g> 0.7 i
total Mn (m=/100g2 1.40

available P mg/kg 5 i

N % 0.18 E

C ¢ 1.8

Hp (me/100g)

remarks: toxicities bracksted, deficiencies underlined
Hp = sxchangeabls acidity

- S .

- PROFILE DESCRIPTION NO. 17

Date/ season 01/06/85; end rainy seasan

Sheet-observation no . 1228/3-17
Coprdinates .z 32830 E, 889537 N
Elevation :

~Authors .. L. : I, Aalders & H. Nobbs,

J. van Hees & A. de Roo
Scil mapping unit : BUY

S0il classification -FaD gleyic Rerisol

= Seil Taxonomy
Geology _ Mt. Kenya Uolcanic Broup
Parent materiasl ' : consolidated lahars
Physiography y : : Bottomiand
-Macro-relief : Flat
Slope (length, shape and pattern) : -
Slope gradient : 8%
Position on slope r -
Meso- and micro-ralief S : nil 5
7" Vegetation/ landuse _ , : waterplants/ - - R
~ Erosion ": very slight shest erasion
Rock outcrops. : : nil _ 5
Surface staniness . .:onil.
" Dverwash ‘ —_— : nil
Surfaca runoff ' : very slom
Surface sealing/crusting/éracking :--nil>
Drainage class : 1mperfectlg
Flooding : Drocasionally
: - Groundwater level (actual) :rtampcrarg muderatalg daep
o - . Presence-of -salts/:alkali’ - v nil : S e
7 Spilfauna influences . : limited SR
Expected rooting depth ' ' : very deep i
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Horizons:

AH1 0-35/%40 cm

Very dark reddish brown (SYR 2/4) when moist; clay;
moderate fine granularc structure;-very Er:able when
moist, slightly sticky and slightlg plastic when

wet; many biopores; gradual and wavy transition to:

AHEZ 35/40- 55/70 cm  Dark brown (7.5YR 3/2) when moist; clay; moderate

Bt 65/70-105/110

Fine subangular blocky and granular structurs; many
medium distinct black mottling and common coarse
prominant orange mottling (SYR B/8); very friahle
when moist, sticky and slightly plastic when wet;
many biopores; Frequent, medium roots; gradual and
wavy transition to

- ;

em Dark brown (7.SYR 3/4) when moist; clagL with
fragments weathered rock; common medium distinct
black, red and yellow mottles; moderats fiha sub--.
angular blocky structurs; patchg thin manganasa
cutans; friable whan m51st slightiy stickg and
slightlg plastic when wet; many biopores; yerg Fow

. coarse. and common fine roots; gradual and wawvy.

transition to: E

Btg 105/110-130+ cm Brcmﬁ (7.8YR 3/4) when maoist; clay; fraq@ent

Scil test report:

Depth in cm

e by Srate iy TS e i . Sl S PV S e T St TS e Y S s TR S S

littie black concretions; strong medium angular
blocky structure; broken thin manganese cutans;
very friable when moist, sticky and sllghtlg

"plastic when wet; wvery Few coarse and ccmmon Fine

roots. ;

e ey e e L i e S i, S S e . s

Gravel %
Sand % B ie B 12

- Silt % 36 24 .20 14
Clay % 58 B4 72 74
Taxture class c C c c

__pH—HED‘l:E.SM,“_ 5.0 . 5.0-- 4.8 - 85,0 -
pH-KC1 1:2.5 $.4. 4.8 . 4.3 -&?l--
EC (ms/em) 1:2.5 0.04 C.04 0.04% 0@03
c % 1.8 1.2 1.1 1.0
CEC (mes/100gJ 24.7 23.5 8.7 16.5
exch. Ca ((me/100g) 5.0 - 3.2 . 2.0 1.3
exch. Mg ((me/100g) 1.0 1.0 0.5 0.3
exch., K (me/100g) 0.8 - 0.1 0.1 0.1
exch..Na . (mg/100g> 0.1 o.2 Sl ¢ IR g.1
TEB Cma/iOOg) 6.3 1.5 2.7 1.8
Bas., sat. 25 8 14 i1

_Qualitative CaCGB_ + + . +
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Depth in cm o-20
pH 5.2
total Na (me/100g) 0.2
total K (me/100g) 0.25
total Ca (me/100g) 5.2
total Mg (me/100g> 1.4 |
total Mn (me/100g)J 0.80
availahle P {ppm3l 38

N (%) 0.10
| ) 1.37
Hp (m.a. %) 0.5

remarks: toxicities bracketad, deficienciss underlinesd
Hp = exchangeable acidity ; TEB = total exch. bhases

SOIL SAMPLES.

_ e e e e e o e e e e e e e e e s e i e e e e s e e e e
Location . depth (cm) pH-~HE0 EC (mU/cml %mil
Mumbuni-1I 0—-20 4.8 84 ferric ﬂCFlSDl

$0-B60O 4.5 107
100-110 4.6 103
Karigiri - 0—~20 1.5 1i0 gleuyic Rcrlsnl
40-60 7.4 43 §
100-110 8.2 87
Kiamugi 0-20 4.7 a8 dystric blegsml
4Y0-60 4.5 108 |
100-110 5.0 B8O g
Gikuuri-II 0-20 5.1 77 pellic Uertlsal
o $0~-50 6.0 31
100-110 5.5 58 |
Ruklra-II 0-20 Y.7 85 pellic Vertisol .
I T L e e e '&0"’80 S S-E 7y I T 1‘ o
' 100-110 ' 5.2 74 g
Kyamboa P.S.0-20 4,45 110 vartic Eiagsal
40-60 4.97 84
1100~110 5.72 45 §
— e e e e e e e e e e o e e e e e e e e o --
Kegonge S$.5.0-20 t.03 133 dystric @legsnl
) N $0-60 . 4.24 Sige : I
100-110 .51 ios :
L Kivuria N Q—EOL;-M_ - 'S;ES_. 48 Ferric Acrisol
S $0-60 5.18 . 73
100-110 5.42 B0
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" Ca

' -~ The depressions are not-saline,

-~ N is very low in all profiles;

-environment. The dapressions ars slightly more acid,

conductivity as their snvironment,
- The volcanic depressions have less axchangeabla cations
especially Mg, but also K and Ca.

and-is deficisnct- o
- Therse is a P-deficiency in one of the tuo vclcanlc dapres

The chemical data from the profile pits in the volecanic
depressions can be compared with two profile pits whic are
nearby the upper-slopes of the depression. The depression at
Xigumo has a socil sequence from a gleyic Acrisol (17) to a|humic
Nitosol (1823 on the Mountain Footridges, and the depression at
Kavengero has a soll sequence from a dystric Gleysol (30) (to a
humic Acrisol (239) on the Plateau:

profile pit: | 17 1B : 30 239
pH-H20 ! 5.0/5.0 5.2/5.5 : 5.1/6.1 5.8/5.1
pH-KC1 I I ¥ P 1 4,7/5.2 H 3.3/4.8 5i0/4.3
EC {mmhos/cml! 0.,04/0.03 g.04/0.04 | 0.05/0.18 0.07/0.05
C %> { 1.58/1.00 1.46/70.37 | 2.16/70.57 2.85/0.48
CEC (me/100gli 24.7/1B.5 £0.5/715,1 | et.8710.2 31.5/16.1

(me/100g>! 5.0/1.3 4.0/3.2 i 2.1/3.5 7.7/3.8

-Mg--(me/100g3! 1.0/0.3 —e2.4/0.6 1} 0.65/2.45 3.55/2.50
K (me/100gd! 0.22/0.07 0.12/0.05 | 0.35/0.15 1.85/0.58
Na (me/100gli! 0.05/0.12 0.04/0.0% | 0.22/0.23 0.17/0.16
TEB (me/100gl! B6.27/1.73 6.56/3.89 | 3.32/8.33 13.37/7.05
Bas. Sat (%) | 285.4/10.8 32.0/e5.8 13.5/62.1 42.4/43.8
fual. CaCg3 ! + / + + / + ! + / + ? / +
pH i 5.2 5.7 [ 5.8 5.7

Na ((me %) i 0.17 0.156 H 0.70 0.14

K (me %3 i 0.25 0.18 i 0.32 1.16
Ca me %) ! 5.2 7.2 ! 2.4 11.2

Mg (me %) t 1.4 3.3 ! 0.7 3.6

Mn (me %2 H 0.80 0.88 ! 1.40 1.24

P (ppm) H 38 ' 32 i & 52

N (%3 ' 0.10 0.24 i 0.1B 0.17

C (%) ! 1.37 1.63 H .88 2.55
Hp (me XD ! 0.5 - | -

remarks: toxicities bracketed, deficiencies underlined.

From these data the following can be concluded on the chemical
properties of the soils in the volcanic depressions:
=~ BSpil reaction = (pH-H20) doesn’t differ much  From the

they hava the same low eslectric

(TEBJ,

sians.
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.Chaptar B. LANDUSE.

6.1. Current landuse. -~ e

Rll the wvolcanic depressions in the Chuka area are used hQ the
local psopls.

The volcanic depressions are, due to the frequent ponding nf the
middle of the deprassions, an ideal place to fetch drinklng*water
nearby, both for humans and cattle. Even in the dry seasansgwater
can be fetched in most of the depressions hy digging a8 shallow
hole in their centre .

Besides the possibility to fetch water in ths depraessions, ! they
are alsp in use by the local Farmers to grow crops. However, most
Farmers 1let their cattle graze on the pasture, which is ths
natural vegetation nowadauys. For the currant landuse of the
depressions see appendix 2. From the 1listing of the! main
characteristics of the volcanic depressions can be sean that,
like the spils, the landuse also has a certain seguence due to
climate and drainags. The landuse-sequence is given from the
lowest point in the depression to the higher surrounding aresa.

E
In the flat middle of the volcanic depression the current landuse
is extensive grazing if the drainage is very poor or poor and if
there is regulsar and freguent ponding (e.g. Kyamboa pri. schcnl).
If the drainage is imperfectly or muderatelg well and the
fFreguent and regular ponding is very short or absent crops are
grown in the centre of the depressicnas. The crops found in;thesa
deprassions are: suweest potatpes, sorghum, tobacco, sugafcane,
bananas, beans and in parts of the area with less ralnfall avan
maize 15 grown in the middle of the depressions.
In some depressions the centres are imperfectly or well dralnad
but no crops are grown. This because these parts cf the
depressions are owned by the governement and the farmers are not
allowsd to Farm this land.

The crops on the lower slopes of the edges of the wvoleanic
- depressions, with a gradient betwsen @ and 10%, are usually maize

-~ and bananas hut alsoc sugarcane, sorghum, tobacco and cowpeas are
groun . '

On the middle slopes, with a rolling topography, the same crops
ars grown as on the lower slopes. In the sast of the Chuka area
some cotton, millet -and-French beans-are grown. —0Only- an " the
slopes with very desp well drained. SDllS,k and-if the climate is
suitable, coffee is grown.

On . the upper siopes and the surrounding area of the vm%canic
depressions, coffee is growun in the depressions which are
situated in the suitable climate zone for coffee. In the other

_depressions, in the sast of the Chuka area, with less rainfall,

maize, tobacco, cotton, cowpeas and beans are grown.
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S The “land qualltles cmn51dered are:

Rt

Chapter 7. LAND EVALUATION.

7.1. Introducticn.

In an attempt to increase the agricultural productivity onm the
Flat bottoms of the volcanic depressions, the land suitability
for several crops has bheen estimated. This physical; land
evaluation of the depressions, has been carried out according to
the Kenyan approach of the land evaluation by matching its: land
gualities and the landuse requirements.
The land gualities of the bottoms of the voleanic depressions are
described in ssction 7.2. The requiremasnts of the various | kinds
of landuse are described in section 7.3, and the phusical | land
suitability is described in section 7.4.

The volcanic depressions can be divided in two big groups;

depressions with ponding during the rainy seasons, depregsions
without ponding and drained ones. For the depressions mlthout
ponding a normal land evaluastion can be done with the rnormal
growing periocds, startlng at the bheginning of the rainy seasons.
- For .. the -valcanic depressions with ponding - different- growing
periods are proposed: planting and sowing of new crops at the end
of the rainy season, when the ponds disappsar, instséd of
planting and sowing at the beginning of a new rainy season. |

A complete physical landevaluation has been done For two volcanic
depressions with ponding with sufficient chemical data, and for
several others, from which only the land gquality available
nutrients has been estimated. Some land gqualities are different
in the dry season and rainy season. Thae ratings have§ been
examined both for growing periods during the rainy seasong and
for growing periods during the dry seasons. This has been done in
case thers are crops, suitable For this climate, which tolerate

periods of waterlogging or crops which need periods of
waterlogging.

_7 2. Land qualities,

Ihe phgsical suitability of land is determined bg many differant:
land qualities, which arse often clesely related.

~-The "perind Ffor the.normal growing season is 200. or 165 |.days -

(march—septembar or cktober-march). The growing pericd in pondsad
volcanic deprassznns is 105 or.. 120. days (decembher—march or-ijune—
september) T
The rating of the land qualltles has heen done according to the ”»

Proposal 3rd approximation for ratlng of land gualities ¥ ¢ WEEDA
, 19851, :

— availability of water: available moisture zone (AMZ2) .

: moisture storage capacity (HSC)
- temparature

- availability of nutrients
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- hindrance by salinity and/or alkalinity

— resistance to erosion

— availahility of oxygen for root growth

- possibilities for land preparation

= hindrance of natural vegetation

- hindrance of overgrazing and octher mismanagement
- absence of Flooding

The land quality water availahility is not yet developed in; this
approximation. This rating has bsen done according to the ” 2nd
approximation for rating of land gualities ” ( BRAUN & UAN DE
WES, 1877). | L
The availability of water is thought to be dependent c@ the
climate or agro-climatic zones and on the moisture storags
capacity of the soil. ' §

The climate Factor is the ratio between the annual precipitation
(rr) and the annual averagse evapotranspiration Ea. With this%ratio
an eastimation can be made of days per year with Ffull moisture,
accarding to: amount of days full moisture = 100/0.8 X r/Eo.
The agro-climatic zone map (BRAUN, 1880 ) gives 7 zones for
moisture availability (figure 21). :

.. No.gf .zone . . r/E0.100% - descriptiaon — 0000 T

I : 80 humid

11 B5-80 subhumid

-rr 50-65 ...  semi-humid Cee e

IV 4H0-50 . sami-humid to semi-arid
Y 25-%0 semi—arid

vl ‘ 15-25 arid

VI <15 vary arid

" Figure 21. Agro-climatic zones. (scurce BRAUN, 1S80)

The spil Ffactor consists of the total productive available
moisture (TPAM in mm) and the hindrance to root davelqpment




(effective sojldepth, bulkdensity). The rating Ffor @ this
snil-moisture capacity can be found in the 2nd approximation.

It is assumed that in the volcanic depressions with ponding the
moisture availability in the special growing season is
sufficient, dus to the high groundwater-level,

The ratings for the other land gqualities can be found in the 3rd
approximation.

The land qualities of several volcanic depressions ars 1lstad
below. The land quality availahle nutrients is estimated for most
of the deprassions, according to the available chemical data From
the profile pits no 30 and 17.

depres. grow AMZ MSC Temp pH Nutr Sal. Oxy Erns Land Nat. Qver Pond

per. zone av. Alk. av. res., Prap veg gra.
(ponded>
Kavengero norm III 2 2 2 4% 1 4 1 2 1 1 =
(302 spec III 2 = 2 4w 1 3 1 2 1 1 c
Kigumo norm 11 2 3 2 2 1 3 1 1 1 1 4
17> spec 11 2 I 2 & 1 2 1 1 1 1. 1.
Kegonge norm IT 1 3 3 22 1 4 1 2 1 1 5
spec 11 1 | 3 (2) 1 3 1 2 1 1 2
Rukira-IIlnorm Il 2 3 2 (2 1 S 1 2 1 1 5
spec II 2 3 2 ¢23 1 3 i =4 1 1 2
Kyamboa norm 11 1 3 2 (2) 1 H iz 1 1 5
spec IT 1 3 2 22 1 3 1 Fad 1 1 =
Karigiri norm IT g 3 2 (27 1 H 1 1 1 1 =1
spec il 2 3 2 (23 1 3 1 1 1 1 g
Kiamugi norm 1T 2 3 2 (23 1 Y 1 e 1 1 5
spec 11 2 3 2 22 1 3 1 2 1 1 2
Gikuuri norm I1 2 3 2 a2 1 4 1 = 1 1 5
(II> spac IT 2 3 2 (22 1 3 1 2 1 1 z
Kivuria norm 11 2 3 1 22 1 3 1 i 1 1 4
spec IT 2 3 1 <232 1 2 1 1 1 i 1
(not ponded)
- Mumbini-I norm- IIL 2 2---2 (2" 1 1.71° A T -

——p e s

7 7.3. Land-use requiremsnts,cs T

Crop~requirements for mnine crops, common in the Chuka—Ishzara

area, listed in the reports of the sample-strips (Bongers and

~ Pulles, 189872 - the semi—detailed soil surveys which have | been

- carried out in the ressarch area -, have been used For the land-

evaluation in the volcanic depressions. These crops are: maize,

bullrush millet, sorghum, cowpsa, bean, cassava, cotton, coffee
and tea.

Howsver, becauss of the special conditions in the wvoleanic

PSS e e - R - P . .. - - lie )



Cre

depressions, such as the different growing periods because

of the

$3

ponding-probhlem, it has been examined which kinds of crops are
adjusted to these conditions. The crop—requirements of the
Following crops, with possible good yields, have besn axaminedr'
cocoyam, tannia, sweset potato, sugarcane, green gram, tnmato and
cabbage. Because of lack of information, only the global crop-
reguirements are listed:
orop ! growing ! tempera- i rainfall | drought | water-
| pericd | turs i grow.per.; resist. | logging
{ (days) | (oC3 i Cmm) ! { Fssist.
£
swest potato ' 120-150 | warm+coel | >750 (*) | high I &ed/high
sorghum i 100-1%0 | 24-30 1 300-3BC | medium | med/high
cocouyam ' 180 | S00-1B0O m.! >1250 (*3) low i bigh
tannia H iBC | 900-1800 m.! >1250 (*){ low I high
cabhage ! 100-150 | 15-20 ! 3o-500 4 T i low
tomato ! B0-120 | 18-25 i 400-B0OO0 | 7 i %Dw
gresn gram t 75-80 | <1500 m. i BSO (*) | medium | med/low
hean { B0-120 | 15-20 i 300-500 | low i med/low
sugarcane i 270-1200) 22-30 i 1500 (*) | low i @sd/hlgh
cassava i 3B5-730 ¢ 25-25 i 12580 (**%3}] high ! ;ow
(%3 annual rainfall. E
(**3: no gcad glelds in areas with a markedlg bimodal ralnfall
e o I
crop | texture | rogt | reaction i nutrients i Sali-
} class * | depthi pH BH i i nity
i FnCuti ! opt range i reg spec, (| tol.
sweet pot. | + + | i 5.8-B.0 ! high high X ||
sorghum . |+ + + i mod | 5.5-6.5 5.0-8.5 | med. high N |i low
cocouam ]+ o+ i ' 4.5-8.0 | high high K i
tannia - P+ + H ! 4.5-8.0 | high high K il
cahbage i + { shal | 8.0-7.5 t high i med
tomato H + - ! omod 5.0-7.0 { high | low
green grami: + + ! mod |} &6.0-7.0 5.5-7.5 i ! med
. -bean -t o+ + . -3 mod V B.0-7.0  5.5-7.5 ] med. = }olow
" sugarcans | + + ! deep | B5.0-7.5 4.5-B.5 ! high high N | m/1
.cassava A + + +.1 deep | ' 5.5-6.5 | low o I low
* F=Fine M=medium C=cparse UL=very coarse .
Sources: LANDON (1384>, ACLAND (19713, MACDONALD (18SB4),
' “NBUGI 19782, Ul T e e
Y AN J5 Phgsical land- suitahilitg.
‘ land qualitxes of the volcanic depr3531cns are matched lwith
-~ the land-use requirements. The_tablse.with-the fFinal suitsbility —
classes is listed below: : '




depression maize millet sarghum cowpea bean cassava cotton coffee

/ tea
Kavengero norm N N N N N N N N
spec N N N* N N N N N
Kigumo norm N N 53 N N N 53 N
spac N 53 53 53 S3 N 53 N
Kegongse norm N N N N N N N | N
spec N N N N N N N N
Rukira-II norm N N N N N N N N
spec N N 53 N N N N N
Kyamboa norm N N N N N N N N
spec N N 53 N N N N N
Karigiri norm N N N N N N N N
spec N N 53 N N N N N
Xiamugi norm N N N N N N N N
spec N N 53 N N N N N
Gikuuri<IInarm N N . N N N N N N
spec N N 53 N N N N N
Kivuria norm N N Se N N N ‘853 N
spec N . 53 s se 52 N s3 N
Mumbuni-I norm S3 S1 53 53 g3 se s2 N
51 = highly suitable N*¥ = if P and Mg deficien?ies
S2 = moderately suitable are overcome, it becomes
S3 = marginally suitable marginally suitable:| S3
N = unsuitable

From these data it can be concluded that most of the wvolcanic
depressions are not suitable to grow the common crops in the
Chuka-~Ishiara area during the common growing periods. However,
when the growing periods are changed, especially sorghum is
suitable to grow. The difference bstween depressions without
ponding. (Mumbuni-I1) or very little ponding (Kivuria and Xigumo?
and the freguently ponded depressions is clsar: some crops, such
as bean, cowpea, cotton and millet have a few possihilities only
there. The Mumbuni-depression gives even better results.
The physical lanrd suitability for the other crops mentionsd! above
can only be estimated. When the land gualities and tha land-use

—--requirsments - are --matchad- it becomes clear that - the, fcllom1ng

crops have good pDSSlbllltlES in the ponded depre551ons,i when
planted or seeded shortly after the rainy seasons: swest patata,
. sorghum, cocogam. and tannia.  UWhen ridges are used, by whlch the
"drainage becomes moderately wsll or well, there are; also
possiblities for- tomato, gresn gram and_cabhaga. Howsver,  the low

- pH can give problems: sometimes; . -and probably fertilizers-have to -

be used. In volcanic depressions with little or no panding,gthere
are wvery good possihilities for sugarcane also. A fsw. of [ these .
crops (sugarcane, sweet potato, and cabbage) ars grown alreédg in

the Kigump-depression. 5

- Finally, when -a system is introduced to drain the depresélnns

there will be much more possibilities to grow crops. Homever, the
cattle-dip and waterhole functions of the volcanic depr3551nns
ara lost than.
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In the volcanic depression at Kuyamboa Pri. School, thes largest
one, the government of Kenya is examining the switablity FfFor
Fishery. It is thought to dig a water-supply canal from the
Bitwa, a stream nearby, to the depression and a second c&nal to
drain water away. Bscause tha soil is not so very psrmaahle here
- tha heavy clays cause the water to stagnate and Fform onds,
which still sxist at the snd of the dry seasons, unlike qcst of
tha other depressions, in which the ponds-disappear quickly - it
seems not & bad idea. In the ressarch-area it is the only
depression that has this possibility. On the map below, the best
possible route for the supply~canal is shown (Figura 22).

20D
CONTOURS (M)
oo RIVER
C:ty UOLCANIS DEPRESSION
AT KYEMEOE SOHOOL
— i = - !:h [ T
@ - VILLAGE
0 - 1KM
| S —

Figure 22. Water-supply canal for fishery in the volecanic
depression at Xyamboa Pri. School.
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Chapter 8. CONCLUSIONS AND SUBGESTIONS.

B B ..-i“.

The

— about the geology and geomorphology

D

Conclusions.

Following main conclusions can be mada:

On the south-western slopes of Mount Kenya there are about 140
mostly elliptical formed depressions in consplidated lahars,
From wvoleanic oarigin, Théy all have a direction - QF the
largest axis of the ellips - , which corresponds with the

direction of the laharfFlouws.
About their origin there are Four theories:

~ about the soils

Buring the deposition of the lahar the large amount of water
drains out of the mudflow to the surface, cnncentratesh and
Forms little lakes. After consnolidation of the lahar apd the
disappearance of the water, depressions stay behind. The
direction is caused by tha still slowly flowing lahar before
the complete deposition of the lahar.
Dus to local differences in texture and watercontent of the
lahar, some parts sink to a lower level during depcs;tlnn and
consolidation, The direction is caused by the still slomlg
flowing lahar. |

During the deposition of the lahar, a crust is formed bg the

svaporation of water in the upper layers, and subsidence
occurs becauss the lower parts are still Fflowing., The
directinn is caused by the still flowing lahar.
Bue to melting of glacisr ice, captured in the lahar during
the movement and the deposition of the lahar, some parts sink
to a lower level during deposition of the lahar.

There is a general soil seguence from the bottoms to the upper
.slopes of the depressions, . depending on climate, drainage class

-and ponding. This seguencs is:

pellic vertisol

vertic / dgstric / humic gleysonl

gleyic acrispl. U

ferric acrisol .

chromic 7 humic / mrthlc acrisol

dystric /7 humic nitosol. - TR

Apart Ffrom the chromic / humic / orthic acrisols angd the
nitosols, all these ' soil-types appear on the bottoms of - the

volcanlc dapressxans.

- abaut the landuse o

Most of the bottoms of the depressions are pastures useg fFor
grazing cattls. With the exception of three depressions no
crops are grown,  because.of the farmers’ fear of ponding or
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B.2. Suggestions.

because the depressions are governement property. The slaopes of

the volcanic depressions are in use to grow various kinds of
crops.

about the landsuitability

When the growing periods are adjusted (growing periods june -
september and december - march) some crops, like sorghum, sweet
potatn, cocoyam and tannia can be grown on the bottoms of the
depressions. In depressions with no ponding also sugarcabe is
possible. When ridges arg used, some other crops likse tpmata,
cabbage and green gram have possibilitiss. In one depression
there are plans for fishery.

|

The research on the origin o©of the depressions shoulh be

concentrated on possible textural differences in the lahar by
taking rock-samples below the depressions and in the surroundings

of the depressiocns. Some vital information on the draining but of

lahars and the genesis of specific landforms can possibly be
callaected in Colombia, in the area of the Nevado del Ruiz,| whers

 recently a2 lahar came down. :

47



REFERENCES.

ACLAND, J.D. €1971), East African crops.

BONGERS, N. & PULLES, J. (18873, Semi dstailled soilsurvays

of

the Rukariri, Ishiara, Katana and Chuka-Kiegumo—Katwana
Agric.
2

sample strips. Dep. o©of Spoil Science and Geoclogy,
University Wageningen.

BRAUN, H.M.H. (19B2), Agro-climatic zone map of Kenuya 1380,
scale 1:1,000,000., (In: SOMBROEK et al., 1882J.

i

BRAUN, H.M.H. & R.F. UAN DE WEG (1877), Proposals for rating of

land gualities, 2nd approximation. KSS Intasrnal
Communication No,7.

COTTON, C.A. (1844), Volcanoes as landscapa forms.

FAD (1974), FAD-UNESCO Spil map of the world 1:5,000,000,
Uolume I Lagend

FAD (1877), Guidalines For soil profile description (second
edition).

FAD (1983>, Guidelinas: Land evaluation for rainfed agriculturs.

BEOLOGICAL SURVEY DOF KENYA ( J, The geoclogy of Mount Kenya.

JAETZOLD, R. et al. (1883), Farm managemsnt handbook of Kenga

voluma 2.
LANDON, JTR. (ed.> (19843, Booker Tropical socil manual.
MACDONALD, . I. & J. LOW (138423, Tropical field craps.

MOKR, E.£.J., F.A. UAN BAREN & J. UAN SCHUYLENBORGH (13722,
Tropical seils. ‘ .

NGUGI, D.N., P K. KARAL & W. NGUYOD (1878) Fast African
ﬁgrlculturs.

oyaMs, M. & H. TAKEHQRQ (1987), Revissd Standard. Soil.Color .. .

Charts

PANNEKDOEK, A.J. (red.) (1873), Algemene geologie. .

' SIDERIUS, W. & B.J.A. UAN DER POUW €1880), The application of

the FAO/UNESCO terminology of the soil map of the
legend faor sgil classification in Kanya.

48

worid




SOMBROEK, W.G.

H.M.H. BRAUN & B.J.A. VAN DER POUW (19823,

Explaratory snil map and agroclimatic zone map of Kenga,

1880,
THORNBURY, W.D.
T.P.1.P. (18853,

Chuka area.

scale i:1,000,000.

(1354%), Principles of geomorphology.

A priliminary exploratory soil survey

VELDKAMP, T. & P. VISSER (in prep.J,

Chuka and Ishiara mapshesat,

WEEDA, A. (19B85),

The geological map of

scale 1:50,000.

Proposals for rating of land gualities,

approximation.

KSS Internal Communication

43

af the

i
i
Fhe
g

3rd




APPENDICES




[ . - . . . —

VOLCANIC. DEPRESSIONS IN THE CHUKA AREA J

4l

i

e

' P

L LI

of

. - '--‘1‘ o \‘—'/ 7
ks
Eo : “ [ .

k=1
L}
RUNYENJES N : |
- ¢ & e T? Q “""‘-‘Z"
7 b4 - 4 qq\
e, o
. a % o . ]
i * S o
o @
Q 4
Cilwet [\ o [=Y Oo
© o o °
¢ o' Q9 QO e :

. . i

0 . o33

o Q o ﬂog' Kpersns

g © Vot s -
= N o % a 9 ® 2 e
2 Qe o Q’ . .
o 3% o 8 O g M {
: G Mhuess S N, . Q : i
- 2 0 s . 5. ° . .
1 o « e % o o 0 ﬂ : 3 km




- APPENDIX 2.  VOLCANIC DEFRESSIONS IN THE CHUK& ARERA

Listing of the main characteristices of the velcanic

depressions. A soil-sequence is given from the lowest

. point in the deprecsion to the higher surrounding ares.
The crops which grow on the soils are slso listed.

Name GIKUURI-1
East—coordinates . - 273330
South~coordinates 2718
Birection {degrees) 2107030
Depth of water in rainy season(cm) 200
Depth of rotten rock (cm) ¥
Exietence of murram -
Drained by stream? N0
SoIL LAaNDUSE

- DYSTRIC GLEYSOL EXTENSIVE GR&ZING
VERTIE GBLEYSOL EXTENMSIVE GRAZING
FERRIC ACRISOL M& I ZE-BANANASD
DYSTRIC NITOSOL COFFEE
Name . ' : GIKUURI-TI
‘East—-coordinates 373335
South—~coordinates - - - - - : 275
Pirection (degrees) 335155
Depth of water in rainy season({om) 250
Depth of rotten rock (cm) 180
Exictence of murram ENE CORNER
Drained by stream? , NO
SOIL LANDUSE
PELLIC VERTISOL EXTENSIVE GRSZIING
DYSTRIC GLEYSOL EXTENSIVE GRAZING .
FERRIT &ACRISOL ' D MAlIZE-BANAGNAS

DYSTRIC MNITOGSOL COFFEE-MAIZE—BANANAT




. Name
Fast-coordinates

- South~cecrdinates
Direction (degrees)

" Depth of water in vrainy seasenlcom)

- Pepth of rotten rock {cm)

Existence of murram
- Prained by stream?

- SDIL

- DYSTRIC GLEYSOL
FERRIC ACRISOL
DYSTRIC NITOSOL

- Name : ‘
East-coordinastes
Socuth—-coordinates
Direction (degreec)

Depth of water in rainy season(cm)

- Depth of rotten voek

Existence of murram

Brained by stream?

S0IL

- MERTIC GLEYSOL
CHROMIC ACRISOL

Name
tast~coerdinates

T South—coordinates

‘Direction (degrees)

Depth of water in rainy season(cm)
{cm)y -

- bepth of rotten rock
Existence of Murvam
“Drained by stream?

- sOIL

GLEYIC ACRISOL
CHROMIC ACRISOL

{ct)

GIKUURI-IT11
373327

2740
330150
200

>

NO

LANDUSE

——— . 2t ey e

EXTENSIVE GRAZING
MA T ZE-BANANAS
COFFEE

KAMARUNGU-T
374168
23132
0/G
13
120

YES

LaNDUSE

EXTENSIVE GRAZING
COFFEE-BEANS-COWPEAS

KAMURUNGU-1 I
374117 .
2524

- 3407160

200
1240

NO

LanNDUSE

EXTENSIVE GRAZING
MATIZE-COW PEAS-BAN,




- Name KANYUAMBORS

East-coordinates 74312

- Seuth-coordinates 2736
Direction (degregs) 295/115°

- Depth of water in rainy season{cm) 100

. Depth of rotten rock (om) 25
Existence of murram - NNE TO ssE

- Drained by stream? NG

© 80IL : LAaNDUSE

- DYSTRIC GLEYSOL - [(BARE SOIL)
FERRIC ACRISOL MAIZE
CHROMIC AaCRISOL TOBACLCH

. Name - - o : KARIGIRI
‘East-coordinates - .. . . 374240
South~coordinates 1625
Direction (degrees) 290,110
Depth of water in rainy sesson(om) 250
Depth of rotten rock tem) 125
Existence of murram NNE CORNER

" Drained by stream? . : N
S50IL LANDUSE
GLEYIC aCRISOL EXTENSIVE GRAZING
FERRIC ACRISOL MAIZE

- DYSTRIC NITOSOL L . M&IZE

- Name -~ - - R v " KARURLUMBOG-I
Esst-coordinates ' BC P31 3]

- South~coordinates ' ' 2805
Directien (degrees) 210130

- Depth of water in rainy season{ocm) 150

-~ Depth of rotten rock (cm) >
Existence of murram NE CORNER
Prained by stream? _ . No
sQIL. T - LaNDUSE

" GLEYIC aCRISOL EXTENSIVE GRAZING
FERRIC ACRISOL MAIZE ~ BANANAS

DYSTRIC NITOSOL " MAIZE -~ COTTON




Name
East—coordinates
South~coordinates
Direction (degrees)
Depth of water in rainy seasancm)
- Depth of rotten rvock (em)
Existence of murram

- Drained by stream?

- 80IL

- FERRIC ACRISOL
DYSTRIC NITOSOL

. Name

East-coordinates
South-coordinates

Direction (degrees)

- Pepth of water in rainy season(cm)
Dapth of retten rock (em)
Existence of muvrram.

Drained by stream?

S0IL

GLEYIC ACRISOL
FERRIC ACRISOL
CHROMIC CAMBISOL
HUMIC CAMBISOL

- Name _
East-coordinates

" South-coordinates

Direction (degrees) -
Depth of water in rainy seasonfom)
- Depth of rotten rock {am)
Existence of murram ..

Drained by stream?

- SsOIL

' GLEYIC ACRISOL
FERRIC ACKRISOL
- DYSTRIC NITGSOL ...

KaRURUMO-11]
373520

2812
32067140

o

>

- YES

LaNDUSE

MAIZE
COTTOM

KASAFART -1
374010
2837
3357155
15
130
EVERYWHERE
MO

LANDUSE

- e e e e s

EXTENSIVE GRAZING
EXTENSIVE GR&ZING
‘MONEL - BE&aNS
‘MONEL’ BEANS

KASAFARI -11
373947
=846
325/145
a

-YES

LANDUSE

SORGHUM

COFFEE~COTTON~SORGH . -




Name
East—coordinatea

: South*conrdinates

Directian (degrees)

KAVENGERD
374133
2650

Depth of water in rainy seascn{em)l50

Depth of votten roek {com)

- Existence of. murram
Drained by stream?

- SO0IL

—— ey

- DYSTRIC GLEYSOL

. Name
East-coordinates
South-coordinzstes
Direction (degrees)

Depth of water in rainy seasonf{comd
Depth of votten voek {m)

Exigstence of murram
“Drained by stream?

SOIL

DYSTRIC GLEYSOL
GLEYIC ACRISOL
- FERRIC ACRISOL
DYSTRIC MNITOSOL

“Name
East-cooerdinates
" South-coordinates

Direction (degrees) : -
. Depth of water in rainy season(om)
- Depth of rotten roek

Existence of murram
-Drained by stream?.

- 80IL

" DYSTRIC GLEYSOL
FERRIC ACRISOL
DYSTRIC NITaSOL

>
IN CENTRE
NO

LANDUSE

EXTENSIVE GRAZING

KEGONGE SEC, SCHOOL
373703
2506
33571585
300
110
ENE CORNER
NGO '

LANDUSE

EXTENSIVE GRAZING
EXTENSIVE GRAZING
MAIZE~COFFEE
COFFEE~BEANS

KIAMUG]
373935

1953
23557073
ise
110

NO

LANDUSE

R e el

EXTENSIVE GRAZING
MAIZE-COWPEAS
COFFEE-MAIZE




- Name :
Esst-coordinates
South—coordinates
Direction (degrees)

Depth of water in rainy season(cm)
Depth of rotten rock {om)

Existence of murram
Drained by stream?

- 8DIL

GLEYIC ACRISOL
?

HUMIC NITOSOL

Name
East-coordinates

- South-coordinates
Divection (degrees)

- Depth of water in rainy season{cm)
Depth of rotten rock {em)

Existence of murram
- .Drained by stream?

SOIL

BLEYIC &CRISOL
FERRIC ACRISOL

. Name :
East-coordinates
" South-coordinates

Direction (degresc)--
rainy season{com)
(cm},f;b

Depth of water in

—~Depth.of.rotten rock.

Existence of murvam
~Drained by stream?

- SOIL

""" GLEYIC ACRISOL
DYSTRIC NITOSOL

KIGUME
373845
2515

38
?

NG

LANDUSE

SWEET POTATO-CABBAGE
SUGARCANE - MAIZE
COFFEE

KITHANGANT ~1
374347

2228
310/1320

a

>

YES

LANDUSE

EXTENSIVE GRAZING
MATZE~COMPEAS

KITHANGANI-11
374317

2215
316/130
1546

}_ .

5 No

LANDUSE

—— iy i e v

EXTENSIVE GRAZING
SORGHUM=MI LLET—COMWP




Name

East-coordinates
Socuth-coordinates

Divection (degrees)

Depth of water in rainy seasonfom)

 Depth of rotten rock {cm)

Existence of murram

- Drained by stream?

SoiL

PELLIC VERTISOQL

' FERRIC ACRISOL
- DYSTRIC NITOSOL

" kMame

East-coordinates
Seuth-coordinates

Direction (degrees)

Depth of water in rainy season{cm)
Depth of rotten rock ()

Existence of murram

Drained by stream?

SOIL

GLEYIC ACRISOL

DYSTRIC NITQSOL

Name
Ezst—coordinates

- South-coardinates

Direction (degrees)

"Depth of water in rainy seasonf{cm)

Depth of rotten vock {om)

Existence of murram

- Drained by stream?

“SOIL

-GLEYIC ACRISOL
DYSTRIC NITOSOL

KITHUNGUTHIA—1
373326
2911
300,140
200
2350

MO

LANDUSE

EXTENSIVE GR&AZING
MaIZE
COFFEE~BEANS

KITHUNGUTHIA-11

s7azaz
2918

250,050

200

>

NG

LAaMDUSE

EXTEMSIVE GRAZING
COFFEE-MAIZE

KITHUNGUTHIA-III
3732321
2912
3357130
100
b

NGO

LANDUSE

EXTENSIVE GRAZING
MAIZE-COFFEE




Name KIVURIA

East—coordinates Z7avao
South-coordinates 2430
Direction (degqrees) 3357155
Depth of water in rainy season{cm) 120
Depth of rotten vock (om) 160
Existence of murram -
Drained by stream? NG
sSOIL - LANDUSE
- FERRIC ACRISOL 7 SWEET POTATOES/MALIZE
DYETRIC NITGOSOL ) COFFEE-BEANS
- Name ' KyamMBOs PRI, SCHOOL
Esst—coordinates : 273748 o '
. Bouth—coordinates 2543
Direction (degrees) 2957115 3427162
" Depth of water in rainy season(cm) 300
Depth of rotten rock {cm) 130
- Existence of murvam. ‘NE CORNER
. Drained by stream? ' NO
- 801L : LANDUSE
CMERTIC GLEYSOL EXTENSIVE GRAZING
HUMIC GLEYSOL EXTENSIVE GRAZING
- FERRIC aACRISOL MAIZE-SUGARCANE
CHROMIC ACRISOL M& T ZE~BANANGS
CDYSTRIC NITOSOL COFFEE-BEANS
Name MaaB]
East—cecordinates _ 374055
- Seuth—coordinates - : 2300
Direction {(degrees) 285/75
" Depth of water in rainy seasonf{cm) GO
-. Depth of rotten rock (cm) b
Existence of murram -
- Drained by stream? o ALM
- 80IL : LANDLSE
- GLEYIC ACRISGL EXTENSIVE GRAZING
FERRIC ~ACRISOL BAMNANAS~M&TZE

DYSTRIC NITOSGL — “=v — = = COEREE




Mame
East-coordinates
South-coordinates
Pirection (degrees)

- Pepth of water in rainy season(cm)

Depth of rotten vock fcm)
- Existence of murram
Drained by stream?

S0IL

" FERRIC ACRISOL

-FERRIC ACRISOL
DYSTRIC NITOSOL

Name

"East-coordinates
Scuth-coordinates

Direction (degrees)

.Depth of water in rainy seagon(om)
Depth of rotten rock (cm)

- Existence of murram

- Drained by stream?

SOIL

HUMIC GLEYSOL
DYSTRIC NITOSOL

Name
East-coordinates
_South~coordinates
Jdirection (degrees) - ‘
Depth of water irn Yainy Eeaaan(cm)
Depth of rotten rock (cm)
Ixistence of murram

3ra1ned b; stream?.

.SUIL

GLEYIC ACRISOL
TIYSTRIC NITOSOL.

MUMBUMNI ~-1

374420
1643

2357075
0

2350

CENTRE

NGO

LaMDUSE

— e ——— e

MA 1 ZE-SORGHUM
TOBACCO
MAIZE-BEANS

MUMBUNI ~11

- 374418

1650
2e3/065
S0
165

MO

LANDUSE

EXTENSIVE GRAZING
MAIZE-SORGHUM

ND&GONE
374113
2444

2957118

@0
?

NO

LANDUSE

SUGAHRCANE - BANANAS
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Name
East—-coordinates
South~coordinates

Direction (degrees).

Depth of water in rainy seascn(cm)
Depth of rotten rock {(cm)
Existence of murram

. Drained by stream?

SOIL

. DYSTRIC GLEYSOL
FERRIC ACRISGL
- DYSTRIC NITOSOL

MName
East-coordinstes
- SBouth—coaordinates

Pirection (degrees)

- Depth of water in rainy season(cm)
Depth of rotten rock
Existence of murram
- Drained by stream?

- 8DIL

. FERRIC ACRISOL

DYSTRIC WNITGSOL

Name
East-coordinates
South~ceordinates

-Direction- (degrees) - :
- Depth of water in rainy ssason(cm)
. Depth of rotten rock <o)
Existence of murram
Drained by stream?

CsoIL

PELLIC‘UERTISUL
CHROMIC ACRISOL

.DYSTRIC NITOSOL

RUBATE

374051
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2407060
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S
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Name
East-coordinates
South-coordinates
Direction (degrees)
Depth of water in rainy season(cm)
. Depth of rotten rock (cm)
- Existence of murram:
Drained by stream?

. SOIL

R ]

FERRIC ACRISOL

- DYSTRIC NITOSOL

Name

" East—coordinates

South—cocrdinates

Direction (degrees)

~Depth of water in rainy season(com)
Depth of rotten rock {(cm)
"Existence of murram

‘Drained by stream?

- B0OIL

SLEYIC ACRISOL
CHROMIC ACRISOL

RUKIRA-111

373215
2952

210/0630

=00

150

NG

LANDUSE

SORBHUM
COFFEE-EXT .GRAZING

WERU
374300
2155
3167130
a
>

YES
LANDUSE

MATZE-POTATOES
COTTON-FRENCH BEANS




APPENDIX 3. SOIL UNITS IN THE VOLCANIC DEPRESSIONS,

Soil unit Pellic Vertisel

- ACreaqe

Number of augerings in unit
Parent material

Macro relief

Erosion

Rockiness/stoniness

Land ‘use

Soils, general

- Range of characteristics
scolour
stexture
sstructure
sconsistence

Chemical properties

Diagnostic properties

Classification
Representative profile
In general

$3

iconsolidated lshars

:flat

tnil

tnil

tpasture, used for grazing

ipoorly drained, very deep, brownish
black, firm, clay

1A B! brownish black
tA,Br clay
iA,B: firm when moist, sticky and
plastic when wet
spH: 0-20 om 4.8
40-80 em 3.2
116 om 5.2
EC: 0-20 om 95 mV/cm
40~60 cm 74 mV/cm
136 em 74 mV/em
tgilgai micrerelief, slickensides,
hydromorphic properties within S0 om
ipellic Vertisol
taugering at Rukira-Il
tpending twice & year, 100 cm deep




Soil unit Vertic Gleysol

Acreaqge -

Number of augerings in unit
Parent material

Macro relief

Erosion
Rockiness/stoniness

t.and use

Soils, general

Range of characteristics
scolour

stexture
yStructure

sConsistence

Chemical propertiss

Diagnostic properties

Classification
Representative profile
In general

113

tconsolidated lahars

iflat

tnil

ifairly stony

tpasture, used for gqrazing
ipoorly drained, deep, very dark
reddish brown to brownicsh gray,
firm, clay

tAl very dark reddich brown
B: brownish gray
:4,B: clay
tA: medium subangular blocky
B: fine anqular blocky
1A,B; firm when moist, sticky and
plastic when wet
spH: 0-20 om 4.5
40-60 cm 5.0
1i0 em 5.7
EC: 0-20 om 110 mi/em
40-60 cm 84 mV/em
it em 43 mV/om
tvertic properties, hydromorfic
properties within 50 om
tvertic Gleysol
iprofile pit 1. Kyamboa Pri, School
iponding twice a year, 200 com deep




Seil unit Humic Gleysol

Actreage

MNumber of asugerings in upit
Parent material

Macro relief

Erosion
Rockiness/stoniness

Land use

Seils, general

Range of characteristics
scalour

stexture
ystructure

jconsistence

Chemical properties
Diagnostic préperties

Classification
Representative profile
In general

t3

iconsolidated lahars

:flat

inil

ifairly rocky, fairly steny

ipasture, used fer grazing

ipoorly drained, deep, brownish black
to brownish gray, firm, clay

tA: brownish black

B: brownish gray

A,B: clay

:A: fine subangular blocky
B: fine angular blocky

rzﬁ,B: firm when meist, sticky and

plastic when wet
ithydromerphic properties within 30
cm, umbric & horizon
thumic Gleysol
tprofile pit 3. Kyamboa Pri. School
iponding twice 3 year, 200 om deep -




Seil unit Dystric Gleysol

Acreage

Number of augerings in unit :26

Parent materia)
Macro relief
Erosion
Reckiness/stoniness
Land use

Soils, general

Range of characteristies
ycolour

stexture
yStructure

sconsistence

Chemical properties

Disgnostic properties
Classification
Representative profile
in general

tconsolidated lahars

:flat

tnil

inil

‘pasture, used for grazing
timperfectly to poorly drained, deep
to very deep, dull yellowish brown
to brownish gray, firm, clay

141 dull yellowish brown

B: brown to gravish brown

C: brownish gray

1A,B,0: clay

:A,Bifine to medium subangular blocky

C: weak fine subangular blocky

iRyB,Ct firm when meist, sticky and
plastic when wet

tpH: 0-20 em 4.0
40-50 cm 4.2
116 em 4.5
EC: 0-20 om 133 mWom
48~-60 em 122 mV/em
110 om 108 mV/cm

thydromorphic properties within 50 om
tdystric Gleysel .

tprofile groove at Kegonge Sec School
iponding twice a year, various depths




Soil unit Gleyic Acrisol

Acreage

MNumber of augerings in unit
Parent material

Macro relief

Erosion

Rockiness/stoniness

Land use

Soils, genersl

Range of characteristics
sColour

stexture

yStructure
sconsistence

Chemical properties

Diagnostic properties
Clagsification

Representative profile
in general

131

iconsolidated lahars

:flat te gently undulating

tnil

tnil .

tpasture, used for grazing, food
creps (sugarcane, sweet potato,
banana, cabbage) :
tpoorly drsined, deep to very deep,
grayish brown, firm, silty clay to
tlay

tAtbrown

B:grayish brown

C:brown to grayish yellow bhrown
ifirsilty clay

Biclay

Cieilty clay to clay

A, Cifriable when meist,sticky and
slightly plastic when wet

B: firm when moist,sticky and
plastic when wet

tpH: 6-40 om 3.0

40-63 eom 9.0

65-105 om 4.9

185-130. cm 5.0
EC t-40 om  0.04 mmbos/om

40-65 om G.04 mmhos/cm
65~-105 em 6,04 mmnhos/om
105-130 om 0.03 mmhos/cm

shydraomorphic properties within S0
em, Argillie B horizon
tgleyic Acrisel
tauqering at Kegenge schoel
ipanding twice 3 year, various depths




Soil unit Ferric Acrisol

Acreage

Number of augerings in unit
Parent material

Macro relief

Erosion
Rockiness/stoniness

Land use

Seils, genersl

Range of characteristics

o0lour

stexture

ystructure
sconsistence

Chemical properties

Diagnostic properties
Classification
Representative profile
In general

$31

iconsolidated lahars

tundulating

inil to moderate sheet erceion
:nil

ifood creps {(maize, bananas, sweet
potatoes, sorghum), tobacco
imoderately well to well drained,
moderately deep to very deep,very
dark reddish brown, firm,silty clay
to clay, sometimes with murram
within 120 cm

iRtvery dark reddish brown
Bivery dark reddish brown to
brownish gray
tAtsilty clay
Biclay
tAtfriable when moist, sticky and
plastic when wet
B:firm when moist, sticky and
plastic when wet
IpH 0-20 om 5.69
40-60 om 5.18
100110 om  5.42
EC 0-26 om 46 mV/cm
40-&00 em 73 m\om
160-110 om &0 m/om
iferric properties, Argillic B
:ferric Acrisol
iaugering st Kyambos school
tponding twice a year, various depths




Soil unit Humic Acrisol

Acreage

Number of augerings in unit
Parent material

Macro relief

Erosion
Rockiness/stoniness

Land use

Soils, general

Range of characteristics
scolour
ytexture
yStructure
yConsistence

Chemical properties
Diagnostic properties
Classification
Representstive profile
In general

onsolidated lahars

ndulating

il

il

ood crops (maize, banapas)
mederstely well drained, very deep,
very dark reddish brown, firm, clay

e B4 ee ER a8 ®E wa  um
“*h2 T 2N

Aifriable when moist, sticky and
plastic when wet

Bifirm when moist, sticky and
plastic when wet

tbnbric A, Argillic B horizon
thumic Acrisol

raugering &t Kyambos school
toccasional ponding




Soil unit Chromic Acrisol

Acreage

Number of augerings in unit
Parent material

Macro relief

Erosion
Reckiness/stoniness

Land use

Seile, general

Range of characteristics
ycolour
stexture

sStructure
yconsistence

Chemical properties
Diagnostic properties
Classification
Representative profile
In general

H

sconsolidated lahars

igently undulating

1slight sheet erosion

tnil

tfood crops {(beans, cotton, cowpeas)
twell drained, very deep, very dark
reddish brown, very friable to firm,
silty clay to clay

1A,B,C: very dark reddish brown

:A,C1 silty clay

B: clay

tA: very frishle when moist, slightly
sticky and slightly plastic when
wet

B: friable to firm when meist,
sticky and slightly plastic when
wet

C: frisble when moist, slightly
sticky and slightly plastic when
wet

tArgillic B, chromic properties

:Chromic Acrisel

tAugering at Kamarungu

:flooding absent




Soil unit Orthic Acrisel

ficreaqe

Number of augerings in unit
Parent material

Macro relief

Erocsion

Reckiness/stoniness

Land use

Soils, general

Range of characteristies
ycolour
,texture

sstructure
sCconsistence

Chemical properties
Diagnustic properties
Classification
Representative profile
In general

1

conselidated lahare

undulating to rolling

tmoderate sheet and slightly rill
inil

scash crops (coffes)

twell drasined, extremely deep, very
dark reddish brown, very friable to
firm, silty clay to clay

1R, B,C: very dark reddish brown
A silty clay
B,C: clay

:Ar very friable when meist, sticky
and plastic when wet

B,C: firm when meist,; sticky and

plastic when wet

sdrgillic B horizon

i0rthic Acrisol

tiugering at Kyambos Pri. School

1flooding absent




Soil unit Humic Nitosol

Acreage

Number of sugerings in unit

Parent material
Macro relief
Erosion
Rockiness/stoniness
Land use

Soils, general

Range of characteristics
scolour
ytexture

ystructure
soonsistence

Chemical properties
Diagnostic properties
Classification
Representative profile
In general

%Y

tconsolidated lahars

tundulating

snil

tnil

ifood crops (beans)

cash crops (coffee, cotton)
imbderately well drained, extremely
deep, dark reddish brown, friable to
firm, silty eclay to clay

t&,B: dark reddish brown
1A silty clay
B: clay

: frisble when moist, sticky and
plastic when wet
B: firm when moist, sticky and
plastic when wet

tbmbriec A, Argillic B » 150 om
tHumic Nitosol

taugering at Kasafari
:flooding absent

- m




Soil unit Dystric Nitosol

Acreage

Mumber of augerings in unit
Parent material

Macro relief

Erosion
Rockiness/staniness

Land use

Soils, general

Range of characteristics
ycoloeur
s texture

sStructure
consistence

Chemical properties

Diagnostic properties
Classification
Representative profile
In generazl

122

sconsolidated lahars

igently undulating

tnil

H{F

:food creps (maize, beans, potatoes)
cash crops (coffee, cotton)
isomewhat excessively drained,
extremely deep, very dark reddish
brown, friable to firm, silty clay
to clay

1R, Bt very dark reddish brown

1Ay silty clay

B: clay

tA! very frisble to friable when
moist, slightly sticky to stxcky
and plastic when wet-

B: friable to firm when moist,sticky
and plastic when wet

tpH 0-20 cm 5.2

EC 0-20 cm ©.04 mmhos/cm

tArgillic B hoerizon

tDystric Nitosol

taugering at Kyamboa Pri., School

ifleoding abzent :




Soil unit Chromic Cambisol

acresge

Number of augerings in unit
Parent material

Macro relief

Erosion
Rockiness/stoniness

Land use

Soils, general

Range of characteristies
scelour

,texture
sStructure
yconsistence

Chemical properties
Diagnostic properties
Classification
Representative profile
in general

2
consclidated lshars
rolling

relight sheet erosion

intl

iextensive grazing

isomewhat excessively drained,
extremely deep, very dark reddish
brown to dark brewn, very friable,
silty clay loam

i1 very dark reddish brown

B: dark brown

1/3,Br silty clay loam

1R,B: very friable when moist,
slightly sticky and slightly
plastic when wet

:Cambic B horizon, chromic properties
iChromic Cambisol

taugering st Kasafari-]

:flooding absent




Seil unit Humic Cambisol

ficreage ]

Mumber of asugerings in unit
Parent material

Macra relief

Erosion

Rockiness/stoninecss

Land use

Seils, genersl

Range of characteristics
ycolour

ytexture
sStructure
sconsistence

Chemical properties
Diagnostic properties
Classification
Reprezentative profile
In general

|

iconselidated lahars

1gently undulating

thil

il

scash crops (‘Monel’ beans)

iwell drained, extremely deep, dark
reddish  brown t0 dark brown,
friable, cilty clay lcam

181 dark reddish brown
B: dark brown
tA,Br silty clay loam

tA: friable when moist, slightly
sticky and slightly plastic
- when wet
B: friable when moist, sticky and
plastic when wet

tUmbric &, Cambic B herizon
tHumic Cambiscl

raugering at Kasafari-l
:flooding absent
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Scanned from original by ISRIC - World Soil Information, as ICSU
World Data Centre for Scils. The purpose is to make a safe
depository for endangered documents and to make the accrued
information available for consultation, following Fair Use
Guidelines, Every effort is taken to respect Copyright of the
materials within the archives where the identification of the
Copyright holder is clear and, where feasible, to contact the
originators. For questions please contact soil.isric@wur.nl
indicating the item reference number concerned.
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