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Preface

In fhis report the results are represented of a research on soils
in the Kisii District in Kenya.

The writer of this report participated in the Training Project in
Pedology in Kisii in order to do practical work during his study

in tropical soil scieqce on the Agricultural University of the
Netherlands in Wageningen.,

After finishing a so0il survey in the Magombo market area,hNorth

fast of Kisii town,a research on a special subject- the differences
in soil profile development as a result of a local spring - was
carried out in the same area.

The fieldwork was carried out in the months february and march
1975,during which so0il samples were taken which have been studied
on the Agricultural University of Wageningen in 1975 and 1976,

The fieldwork was supervised by ir W,G.Wielemaker and ing H.W.Boxem,
and the study in Wageningen by professor J.Bennemajall of them are

stafi members of the Agricultural University,
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Introduction

In the Magombo market area - the area in which a detailed soail
survey had been carried ocut - springs were commonly seen.

Since the rainfall was rather high (an average of about 1800 mm

a year),the infiltration speed of the soils about 14 m/24 h ,and
the underlying hardrock quite impermeab;e,it was expected that the
water was moving laterally over the rock through the under part of
the soil profile in the direction of the springs,causing a subsur-
face water erosion,

The water,carrying ions and possibly soil particles,should have an
impact on the soils around the springse ‘

Apart from the possible influence on the soils,it was%asily seen
that the springs had a strong impact on the landscapé.They were
cutting backwards the valleys or,when they occurred in the transition
zone hill-valleybottom,they were the cause of steep linear slopes.
Initially,a kind of round pits of 10- 20 m diameter and 1 to 5 m
deep,frequently occurring in clusters on the hill slopes,uwere
taken for old spring locations,but later on they seemed to be
originating from human beings livung there lbng before the Kisii
people came. )
The springs are very important for the people living in the area
because most of the springs provide water of excellent quality

for drinking and cooking and thus keep the area clear of diseases
like for instance cholera.,

In this study the research on the soils is stressed,but also some
geomorphological data of some valleys,typical for the area,have

been added,
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1, Methods and Material

First of all a number of springs and their valleys and a number of
a kind of "round pits" were selected from aerial photographs and
subjected to investigations includin§ geomorphology,soils and
occurrance of rock,

Than one spring was selected and the soils around it checked by
augerhole observationsjone augering has been carried out by motor
auger until a depth of 11.00 m.

Two profile pits were dug to about 7.50 m depth : one on the
watershed near the top of the hill (profile 35) and one about 150 m
downwards just above the spot whers the water flew out of the

rock (profile 15). .
Detailed soil profile descriptions were made and the following
samples were taken ¢

a.,mixed samples from every horizon for chemical analyses.
b.undisturbed samples for thin sections from some important horizons.
c.unditurbed ring samples from every 10 cm,starting from the sur-
face to a depth of 4 m (profile 15) and 3 m (profile 3 S),for

organic carbon and bulk density research.

deundisturbed ring samples for pF research,

e.water samples from profile 15,taken from groundwater which flew
into the pit,from the spring near profile 1S and from some springs

in the neighbqurhoud.

f.some samples,disturbed and undisturbed and for thin sections,have
been taken from the place where the water was flowing out of the

rock,These samples have been indicated by the word "spring".

The ring samples for pF research and for organic carbon and bulk
density research have been analyzed in the laboratory of the
Training Project in Pedolaogy in “isii,Kenya.

The organic carbon content has been determined according the method
of wélkley and Black,

The other samples were send to Holland for further analyses.

That analyses included

grain size distribution (texture)
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mineraloagy of clay fraction,by x-ray diffraction method.

pH pH—HZU , pH-KC1 , pH—CaClz.

pf : so0il moisture tension - soil moisture content

free iron and aluminium)method: Schwertmann 1964 and Duchaufour

amorphous iron }~ et Souchier 1966

c .tion exchange capacity(CEC)

exchangeable bases } NHd-acetate pH 7 method

okiceé‘(lZ) by x=ray fluorescention method (XRFS) except :
sodium : emission spectometrically (ES)
magnesium : atomic adsorption (AAS)
ferro-ferri : by HF method

thin section research

The analyses of the water samples included :
amounts of cations (Ca,Mg,K,Na)

amount of SiD2

nH

The percentages of the oxides were used in norm calculations.
A goethite norm of the clay fraction and a epinorm of the non-clay
traction were calculated by computer programme and a katanorm

calculation of the non-clay fraction was carried out by hand.

Finally the soils éwre classified according Soil Taxonomy (1975),
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2., The Environment

2.le Location of the Area

The research has been done within the Magombo market area in the
Kisii district in Kenya,where previous to the research a detailed
soil survey had been carried out.

see location map on previous page

The two profile pits were situated about 2 km East of Magombo
market,300 m North from the point where ths rocad from Magombo market
to Kenyenya passes the bridge near Kenyerere School,on the left side
of the stream. (see also point 3.1.)

Topographical map (1962),scale 1 : 50 000 ,sheet 130/2 Kisii ,

74,7 £E , 9926,3 N , .
The altitude varies from about 1800 m in the valleys to about
¥900 m on the hilltops.

The altitudes of profile pit 1S and 35 are 1865 and 1880 m above

sealevel respectively,

2.2. Geology

The parent material in the area includes mainly - according to.the
geological map - andesite rock of the Bukoban system of late
Precambrium age.However,it is quite possible that over the Bukoban
system younger materials = mainly volcanic ash = have been deposited.
The rocktype has also been a subject of this research.Thin sections
from the two profile .pits and from a piece of rock showed that

the parent material was arcose sandstone or indurated tuff,indu-
rated tuff being the most likely,

It is not yet clear whether all the parent material in the area

is indurated tuff or partly andesite,

In the rock a.layering can be recognized with a dip of 10-12 %

to the tast-South East,

Locally conglomerate rock is found,
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The rock in the area is dipping 10~12 % to the East -5outh East

and the consequence is that the mainstreams are running from the
North East to the South west (roughly).

Another result of the dip of the rock is the tendency of the streams
to a slightly movement eastwards in the valleys,ieaving steep

slopes (15-~30 %) on the valleysides facing West and sloping to
moderately steep slopes (5-15 %) on the valleysides facing East.
Another explanation faor the mentioned differences in slope can

be found in the way of deposition of the volcanic ash coming from
the East.

Two types of springs can be distinguished : -

a., springs in the transition zone hill=-valleybottom.They are the
cause of steep linear slopes on the valleyside,and have the tendency
to widen the valleybottom.lLocally landslides have been found,
probably caused by this type of spring.

be springs on the hill slopes.Water flowing out of this type of
spring will gradually remove material and erode backwards and/or
headwards into the hill side.This process,known as spring sapping,
can produce quite large valley heads and is in same places even

branching the valleys.

a number of springs and their valleys have been drawn :

figqure 2
type a., in the transition zone hill-valley bottom

cross sections :

or 3

0 = spring

stream

& - — -



valley forms produced by springs of type a.
figure 3

“vuliey bottom

=10~

T = linear slope

convex.slope

> 3>
]

I

concave slops

cross section A-=B

aerial view

7 landslide agrial view

aerial view

spring type b. on the hill slopes :

bel. occurring on the lower convex hills as well in the higher
steeply dissected area,

figure 4

spring

cross section A-=B i

aerial view
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be2. occurring in the transition zone steeply dissected area-hilly
area.

figure 5

D
A%
R

Soil ;:)'l: daep
humug Phage

A B

. aerial view cross section A-B -

b.3, occurring in steeply dissected area (slopes 20=-40 %)

figure 6

aerial vieuws

cross section A-B B



. o -12-

A point of discussion is the appearance of biq rounded pits on the
hill slopes.Usually they have a diameter of 5-15 m and a depth
of l—&fm.They occur separate or in clusters,

The shape of the "pits" is showed in the next cross sections :

s% s'\g
Ope

shape of shallower pits shape of dseper pits
figure 7

The origin of these pits is not clearj;initially they were taken

for old spring locaticns,probably of iron ags.

In a pyrethrum field, just a few meters from such a pit,East of

Magombo market,iron slacks,pot sherds and pieces of a grinding

stone have been found by the writer.Probably this was formerly

a smelting site.

photograph : banana plants and maize standing in a "pit" near
Nyambaria School,
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The possibility of landslides is not ruled out for a number of
these pits,but especially for the deeper pits this ;s not likely.
By dr Sombroek (oral consultation) they were thought to be caused
by subsidences of underlying rock,but in my opinion are those
subsidences not likely in view of the type of rock.

People living around the pits don’t know exactly how the pits

came there.Socme of them said that formerly elephants :came to drink
there,and others said that these pits were cattle boma’s (a kind
of corral where they kept the cattle at night) where some soil

was moved out while removing the manura,

the latter explanation seems to me quite fair,

In Kisii history nothing is known about the pits.

Archaeological research in the area has bsen done by John R.F.Bower,
He found numerous sites with archaeological remains,and mentions

a concentration of sites near Nyambaria School -~ the place where
writer found a concentration of pits and numerous pot sherds -

but doesn;t speak about the pits,

Anyway, it seems the most likely that the pits originate from

human activity,

2.4, Hydrology

The area in which the research has been done is a part of the

catchment area of the Gucha river,

Although in the dry season the precipitation is very low,the main

streams in the wider valleys are néuer dry.

Important are the "dams" of mostly conglomerate rock at the end

of the flat bottomed,wet valleys.On these places the valleys are

narrowing,and the streams running through have rapids,sometimes

over a length of 50-500 m with a height difference ofi 10-30 m,

In the lower part of the flat valley bottoms semps are found,

Two types of groundwater table occur and coherent with them two

types of springs :

a. The main groundwater table of the valley bottoms.Connected
with this water table are the springs in the transition zon%
hill-valley bottaom,

bs The perched groundwater table above the rock in the hills.
Connected with this water table are the springs on the hill

slopes.
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A1l over the area man cagn find springs;a number of them will be
dry at the end of the dry season.

The drainage direction of the minor streams is from North UWest

to South East,of the bigger streams from North East to South uWest.
The infiltration in the soil is very rapidjnear the profiles 1S

and 35S an infiltration speedhas been measured of 12-14 m/24 hrs.

2.5, Climate

There is no meteorological station siruated in the surveyed area.
figures of rainfall,evapotranspiration and temperature are esti-
mated from figures of neighbouring stations.

These stations are

Nyanturubo , registration number : 90 34 03l,altitude : 1680 m

90 34 032, 1890 m
altitude profile pits :1865 and 1880 m

Murumba ’

fean minimum temperatures are about 10% and maximum temperztures
can reach 29‘E in Magombo.
The yearly rainfall amounts three out of four years more than

1600 mm (statist. v.Maurik).s

The diagrams on page 15 show the rainfall and evapotranspiration
figures of Nyanturubo (South West of Magombo) and Murumba (tiorth
West of Magomﬁo).

_We can notice that there is :

- a dry spell during december, january and february

- a rainy season during march,april,may and june

—~ a drier month july

-a second rainy season during august,september and october



e
il0
100
180
160
140 1
130
1004

§0 1

sointall ol fvapotranspiration Diagrams.,

graph 1 graph 2
inii,cvanturubo 90 34 051 Kisii,Furumba 20 34 93w
Pt s above sealevel 1890 m above snal. vl

N

- o -

R
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= monthly rainfall in mm
e il = Epo : the mean consumptive water use of a cron ot
the end of the vegetative period with on iral
water availability.

( eege a fully closed tea crop)

7SS . ‘ ) .
J = pestimate of the available stored water VYor a cran

in full production throughout the year,e.q. tea.

lpo = (3,82 x the evaporation of an open water surface,
fhe storage capacity is calculated for a soil with a rootahle

depth of 1 m and a moisture content of 20 % between PF 2 and 'V o,

A more detailed study about the climate of the area can be found
in preliminary report no 8 : D.,van Maurik (1974) The landquality
water availability for some soils in the Kisii and South Nyanza

Districts in Kenya.
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2.0, Vegetation and Landuse

veoetation

The area is belonging to the Western moist forest zone (WM ,

1 : 250 000 Climate and Vegetation Map of South West Kenya)

The original vegetaion has bevn a moist montane forestjeventhough
the settlement of the area is guite recent there are not even
secondary forests present,but remniscant elements of these forests
can be found,mostly on very steep slopes,

On the steeper hills small forest plantations of Cupressus sp.
and Eucalyptus sp. can be found,the latter on the valley bottoms
also.

Cn the wet valley bottoms swamps occur with typical swamp shrubs

as Sesbania keniensis and Gomphocarpus semilunatus, .

landuse

Mearly all the land has been taken into cultivationjlooking at the
landscape man can distinguish a pattern of narrow strips from the
valley bottoms to the hilltops,separated and divided into small plots
by hedres,commonly of fffauritius thorn,

The population density accounts about 450 persons/kmz.

The type of farming is smallholder-farming with farmsizes varying

from 1 to 10 ha,and the following crops are the most important :

-maize,qrass (grazing),tea and pyrethrum,

Uther crops are :

vegetables,passion fruits,fingermillet,Irish patatoes,sweet pata-
toes,pineapples,bananas,sugar cane(for chewing),beans,fruit trees
(avocado,orange).

The wood of the small forest plantations of Cypress and Eucalyptus

is used for timber and charcaol.

The tough,thin,low feeding-value grass from the shallow soils

(Loudetia kagerensis) and from the valley bottoms (Imperata cylindrica)

is used for thatching,.
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3. SOILS
3.1, Situation of the profile pits and short description of the
soil profiles.

The two profile pits were situated about 2 km East of Magombo

market ¢

figure B

\Kenyenya
road

~-—3— = stream

o = spring — 7 = valley bottom

—————

Soil profile 35S is on the watershed near the top of the hill,and
profile 1S is about 150 m downwards just above the spot where
the water flows out of the rock.

cross section .A=-B :

figure 9

photograph on front page : spring and site of profile pit 1S.

A



Short description of the soil profiles.

brofile 1S
A very deep,dark reddish brown,very fine clayey soil with a good
structure and a high biological activity.

A 8 horizon is present.

2t
One of its main characteristics is the great thickness of the
A-horizon,

This so0il occurs on the bottom of smaller valleys running down

larger slopes,

Profile 35

A very deep,dark reddish brown to yellowish red,very fine clayey

soil with a good structure and a high biological activity, '

A B?t horizon is present.The thickness of the A horizon is not so
great as in profile 1S.

This is the far most important soil in the area : it covers 67 %

of the surface on the detailed soil map of the Magombo market area.

Spring
Some samples have been indicated by the word "spring".These samples
have been taken from the surface of the spot where the water uwas

flowing out of the rock,
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3.2, Results and Discussion

3.2.1e Texture

Profile 1S has a clay content (%< 2u) of 50 % of the fine earth

fraction in the Al horizon,and 60=-70 % in the B

from the top of the B

2 horizon.Beginning

= horizon the clay content is gradually
decreasing downwards (from 50 to 29 %).

The clay content in the B is low (29 %) because in this layer

iron concretions are presgai in the sand fraction,

The requirements for an argillic horizon are present :

The argillic horizon contains about 20 % more clay than the A horizon
(must be at least 8 % more),and it has oriented clay in 1 % or more

of the cross section.(see thin section research)

At the surface of the spot where the water is flowing out of the
rock,the clay has been washed out.This sample has a clay content
of only 10 % and should have about 40 % clay,which is the content

of the corresponding layer in profile 15,

Profile 35

The percentage of clay in the A, is 62 %,in the B, 73 % and a

1 2
decrease downwards was not yet obvious on the bottom of the profile

pit : still 70 % on 740 cm depth,

2
oriented clay in 1 percent or more of the cross section (see thin

The B, meets some requirements for an argillic horimon : it has

section research).However,it is not clear whether the 82 horizon
meets the requirements for clay content of an argillic horizon

or not,because the percentage of fine clay has not been determined.
If the total clay content exceeds 60 % in the eluvial horizon,the
argillic horizon must have at least 8 % more fing.clay,

On account of the oriented clay in future the B, will be considered

2
as an argillic horizon,

The graph on previous page shows the grain size distributions
of two horizons of profile 15 and two corresponding horizons of °
1

profile 3S. !

It can easily be seen that the plotted grain size distribution
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of all horizons are quite similar,

{for graph : clay content - depth ,see point .3.,2.7.

for detailed results of texture analysis,see appendix.

photograph : view from the bottom of profile pit 15
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3.2.2e Mineralogy of the clay fraction

fiineralogical research has been done on the clay fraction of a

number of samples by means of the x-ray diffraction method.

preparation of the samples :
The cations on the clay were exchanged by Mg++ ions.After x-ray
diffraction records some sgmples were treated with glycerol,and

some with K* ions and heatened till 600°C.

Profile 1S

The 7 R clay mineral kaolinite is present all over the profile,
and it 1s dominant from the surface to a depth of 650 cm.

On 500-650 cm depth some montmorillonite clay is praesent,and the
amount of it is increasing downwards to be dominating from a depth
of 750 cm,

There is a little bit of illite (10 K) and possibly some chlorite.
Concerning the non-clay minerals : all samples contain a small

amount of quartz and feldspars and goethite is also present,

Profile 35
Kaolinite is dominant in all samples.

Small amounts of quartz and feldspars occur.

Summary of the results :
In the samples from profile 35 the clay mineral kaolinite is

dominant,while in profile 1S5 a transition kaolinite-montmorillo-

nite occurs.,

for more detailed report : see appendix,

3.2.3. pH

The pH-H20 ’

determined,

pH=KC1l and the pH=CaCl, of all samples have been

2

The graphs on page 22 show the results, o

Y

From O to about 600 cm depth the pH of profile 15 is higher than

that of profile 3Sjbelow 600 cm there is not much difference in pH,
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hraphs : pH - depth (m)
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profile 35S

graph 4 ; profile 1S

.' Remarkable is the guick decrease in pH-H_0 in profile 1S5 on 210~

215 cm depthj;on this depth a discontinuogs iron pan is present.
Another point of interest is ApH (pH-H20 - pH=KC1),

In profile 1S aApH is relatively small bstween 2 m,the under boundary
of the Al horizon,and 6 m depth from where montmorillonite clay

is going to dominate.In profile 35 where a transition kaolinite-
montmorillonite doesn’t occur,ppH is nearly constant untill 5 m

depth from where it is increasing.

see appendix for analysis results.,.
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Organic Carbon and Bulk Density

From each profile ring samples were taken every 10 cm up to a

depth of 410 cm for profile 15 and to 300 cm for profile 3S.

The bulk density (kg/l) and the organic carbon content of each

-3

sample have been determinedjthe organic carbon according the method

of wWalkley and Black,

The results are shown in the next two graphs.

Graph 6e.depth (m) - organic carbon (vol %),on logarithmic scale.
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The two graphs on page 23 and 24 show the quite similar organic
carbon profile of the two soils.from 0O to 68 cm profile 3S has
more organic € than 1Sjbelow 6b cm profile 15 is higher in carbon
content,

The bulk density of profile 15 tends to decrease towards the sur-
face,while the b.d, of profile 35S doesn’t show such a trend.

Both profiles show a significant decrease in organic carbon content
in a layer just below the surface(profile 15 : 20-40 cm depth;
profile 35 : 10-30 cm depth),accompanied by a decrease in bulk
density while one should expect an increase in bulk density.This
layer wasn’t visible in the field.

Below the layer mentioned above the org.C content is higher,in
profile 1S even higher than at the surface.In the graph depth-
organic carbon on logarithmic scale(page 23) it can be seen that
roughly between 20 and 100 cm depth there is more organic carbon
than one should expect from the slope gradient of the straight
lines Jjust above and just beneath these depths.This could be an
indication of a sombric horizon,but the layer doesn’t fit the
requirements for soil colour of the sombric horizon (lower value
or chroma or both than the overlying haorizon).However,also the

possibility of a buried A, .horizon should be kept in mind.because

the appearance of ash raiﬁs in the past is not ruled out,

Because of the irreqularity of the organic carbon content the soils
have to be classified on subgroup level as "cumulic" instead of '
“"pachic", '

The Al horizons of both profiles meet the requirements for a

mollic epipedon,However profile 35 is not a Mollisol because in
some part of the argillic horizon the base saturation is less

than 50 %,

for analysis results,see appendix.
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342454 pF

In graph 8,9-and 10 the negative logarithm of the so0il moisture
tension (pF)has been plotted against the soil moisture content

for various depths of the two profiles.

The moisture content at the permanent wilting point (pF 4.2) is
still 20-35 %,consequently about one third of the soil moisture

is not auailaﬁle for plant growth,

At the point of saturation (pF 0) the water content will be rather
high : 50-60 %.

In profile 1S a relatively large amount of the water is held at
about pF 3 and,except for the epipedon,only 5-10 % of the soil
moisture is held in betwsen pF 0 and pF 3,However,the big leap in
soil moisture content at pF 3 could be caused by an analytical
error due to different determination methods of pF 2.8 and pF 3,
The moisture contemt at field capacity (pF 2) in profile 15 is
45-55 % for the upper horizons and 52-60 % for the lower horizons.
Profile 35 shows a more gradually release of the soil moisture.

The moisture content at field capacity in profile 35 is 45-52 %,

Graph 8., :Profile 1S pF - soil moisture content
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Graph 9:Profile 15 pF - soil moisture content
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3.2.6, Free Iron and Aluminium and Amorphous Iron

On a number of samples the content on free iron and aluminium

and on amorphous iron has been determined,using a Tamm solution
according the method of Duchaufour et Socuchier (1966) and Schuert-
mann (1964),

In the next graph all the results have been plotted against the
depth below the surface.

Graph 11 : Free iron and aluminium and amorphous iron = depth,.

wt %

P U

depth
(m) | st

Both profiles show a decrease of amorphous iron with increasing
depth.The free iron content of profile 15 is rapidly increasing
in the zone of "rotten rock" on 650-730 cm depthjbelow this zone

it is decreasing gradually,

4

In profile 35 the free iron content is first increasing untill

\
N
)
’/

200 cm,than decreasing untill 350 cm depth and than increasing

again downwards,
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The conduct of free aluminium is quite opposite in the two profiles.
Joth contents increase untill 350 cm depth but downwards the con-
tent in profile 1S is strongly decreaéing(From 13 to 5 %) while

the content in profile 35 is still gradually increasing.

- Norm calculations mostly indicated more than 15 % free iron (hema-

tite + goethite),and chemical analysis maximal 6 %,consequently
one of the two methods must be wrong.lt is not ruled out that in the

chemical analysis too little free iron has been determined,

3.2.7+ CEC and Exchangeable Bases.

The CEC and exchangeable bases have been determined by means of

the NHa—acetate—pH 7 method.

In the next diagrams the values for the CEC and the exchangeable

=

bases have been plotted,

figure 10 : Profile 15,CEC and exchangeable bases.
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The figures of CEC don’t differ very much betwsen the two profiles,
but the figures of exchangeable bases do.

In profile 1S5 the amounts of exchangeable Ca,Mg and K of most
horizons are higher than those of profile 35,consequently the base

saturation of profile 15 is higher than that of 35 (see table 1),
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figure 11 : Profile 35,CEC and exchangeable bases.
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table 1 : base saturation (%).
profile 1S profile 35S
depth horizon| base sat.(%)! depth horizon|base sat.(%)
0- 70 Al,l 7063 0=50 Al,l 59,1
70-130 Al,Z 65,2 50-79 Al,2 57.2
130-210( A 63.9 79-270 82 1 25,7
] 9
250-450) 8B 4746 270-=345 82 2 20,7
? y
500-650 82 5 55,2 600-610]| B 38.6
? H
7 - Y
40-750 82,3 50.0

The base saturation is very important for the classification of

the soil

Se

Because profile 15 has

is more than 35 %,this

Profile 35 has also an

ration is less than 35

soil (or within 125 cm

an argillic horizon and the base saturation
soil belongs to the order of the Alfisols,
argillic horizon but because the base satu-
% within 180 cm belcw the surface of the

below the upper boundary of the argillic

horizon,whichever is least),it belongs to the order of the Ultisols,
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Percentages of clay and base saturation and CEC as a

function of depth.Profile 15

Graph 12
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Graph of profile 35 on next page.

texture.
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For clay percentages see also point 3
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Graph 13 : Percentages of clay and base saturation and CEC as a

function of depth.Profile 35S
meq CEC /100 g soil
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The pattern of the base saturation as a function

of depth of

profile 35S (graph 13) is typical for an Ultisol,.The decrease in

base saturation with depth yntill about 350 cm reflects cycling

of bases by plants or additions in fertilizers.

The high base'éaturatio%ngnc%ge upper horizons of both profiles

can also be explained by deposition of volcanic ash by ash rains

in the past.An sarly product in the weathering of volcanic ash is

allophane which has a high exchange capacity in a system buffered

at pH 7.
Both soils have a mollic epipedaon,but profile 35
sified as a Mollisol because the base saturation

horizon is less than 50 % within 180 cm depth(or

below the upper boundary of the argillic horizon,

cannot be clas-
in the argillic
within 125 cm

whichever is least),
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3.2.8. Oxides and Norm Calculation

On a number of samples the percentages of twelve oxides have been
determined (see appendix).

The percentages of the oxides ihave been used in norm calculations.
The goethite norm calculation of the clay fraction and the epi-
norm calculation of the non-clay fraction were carried out by the
computerjthe kata norm calculations of the non-clay fraction were
carried out by hand.

Graph 14,15,16 and 17 show the profiles of the most important
norm-minerals of each soil,

Graph 14 : Profile 15,most important goethite norm minerals of
clay fraction,

wt % of clay fraction

For explanation of the symbols used,see page 35,
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Graph 15 : Profile 15,most important epi-norm minerals of non-clay
fraction,

wt % of non=-clay fraction
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Craph 17 : Profile 35,most important epi-norm minerals of
non-clay fraction.,

wt % of non-clay fraction

Explanation of the symbols :

AB = Albite MM = Montmorillonite
Aug = Augite Ms = Muscovite
C = Corundum Ms=-ill = Muscovite (illite)
cpP = Ca=-Phosphate - Or = Orthoclase
F = Feldspars(AB+0r) Q = Quartz

® Goet =Goethite Ru = Rutile
Hm = Hematite Str = Strengite

i Kaol = Kaolinite

In the epi-naorm as in the goethite norm an excess of water of

2-6 % occurs.,

Since the soils were influenced by volcanic ash{see thin section
research) a kata-norm calculation was carried out.

The diagrams in figure 12 and 13 show the percentages of kata-norm
and goethite norm minerals for a number of samples,

Y
. The kata-norm would give a probable mineral composition of volcanic
}

ash,

From the kata-norm can be concluded :
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Without soil forming processes the ash would probably have a
composition of : 30-40 % Feldspars (F);30~40 % quartz;0.5-4 % Augite.
There is a shortage of Calcium for the formation of Augite.

An excess of aluminium (C = A1203) occurs,

Comparison of the katanorm with the goethite norm gives :

SiU2 has been build in in clay minerals,

All the available iron from Augite has been transformed into
goethite.

The Feldspar content decreases to just a few percentages as the
result of building in of Potassium in illite.

In the katanorm an excess of Carborundum (Al ) occurs;in the

0
2°3
goethite norm this has been partly bound,together with quartz,into

Kaolinite,

”

Amorphous Allophane can occur,especially in the under part of the
soil profiles;by addition of volcanic ash,The norm analyses don’t
indicate such an occurrance,.

With x=-ray diffraction analysis amorphous Allophane cannot be
proved,however in the thin section research some amorphous material

has been reported,

figure 12 : Profile 15,diagrams comparing the percentages of
katanorm minerals with percentages of goethite norm
minerals,
15-351 :_ill, w
0-70 cm goethite norm
A
1,1 katanorm
15-353
130-210 cm .goethite norm
A 3
1,3 ~katanorm
15355
215-250 cm
B
2,2
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figure 13 : Profile 35S ,diagrams comparing the percentages of
katanorm minerals with percentages of goethite norm
minerals.,
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THIN SECTION RESEARCH
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fPfrofile 1§

The plasma of soil wmaterial consists of clayminerals and iron,
firains of chert,quartz,quartzite and feldspars occur in the soil
materialjthey are possibly deposited by ash rains.

The rotten rock has the structure of sandstonejaccording to van der
Plas the most likely parent material of thds profiles is a com-
primated and indurated tuff layer.

The biological activity is still high on 390 cm depth(thin section
75/284)but is then gradually decreasing with the depthjon 700 cm
there 1is only a few biological activity.

Un 700 cm depth the groundmass consists of two components: a. soil
material b, pieces of rotten rock §j the number of pieces of rotten
rock is increasing from that depth and the rotten rock is going to
dominate on 760 cm from the surface.

Three types of clay cutans occur in this profile:

a. clay-iron cutans caused by illuviation,mainly in soil material.
b. clay cutans caused by weathering,mainly in pieces of rotten rock.
c. Yery thick "waxy" cutans occur on 700 and 760 cm depth(thin section
75/?85,286 and 287)probably originating from dissolved volcanic ash.
If the cutan types a. and b. occur together, a. is always covering b,
Throughout the profile cutans of iron and manganese occur and for-

mation of these hydromorphic features seems to be the last process.

Thin section 75/287,sampled from the surfage of a spring cutting
is essentially the s:me as 75/286 (profile 1S),but the clay has

been washed out.

The shape of the iron and manganese nodules is an indication for
displacement,possibly as the result of biological activity,of soil

material,
Profile 385

The plasma consists of clayminerals and ironj;the grains have the
same mineralogical composition as in profile 1S, jf
There is no rotten rock found in the under part of the profiié
like in profile 1S5,so0 it is not obvious what the parenF maférial
is but it is very likely that the parent material is the same as

in profile 15 :tindurated tuff,
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The biological activity is highjplant roots are found on 400 cm depth,
inly clay-iron cutans are found in the profilejin 289 "waxy"diffuse
cutans were found,they are not so thick like in profile 1S but
nrobably they have the same origin:from dissolved volcanic ash,

Cutans of iron and manganese occur and their formation seems to be

the last process here also.,

The shape of nodules of iron and manganese indicates displacement

of soil materialjthis displacement can be caused by biological

activity.
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PROFILE 15

thin sections: horizon: depthécm):
75/284 B2,3 381-396

75/285 B3,1 695-710

75/286 B3,2 750-765

75/287 B3 surface(spring)

DESCR&PTIUNZDF THE THIN SECTIONS

Groundmass
f———

284 :s0il material
285 :s0il material and pisces of rotten rock.
286 :rotten rock showing rock structure with heavy weatheringe.

287 :idem as 28B6.

»

Skeleton grains:

size :284 30-800 micron mineralogical composition :
285 30-1000 " many feldsparsjchert fragments;
286 30-100 " quartz,
287 30-200 "

Angular,low spherecity,in a random distribution pattern,286 1loc
'in a banded distribution pattern,most of them weathered,some of
covered with iron oxides.Thin section 285 has only a few skelet

287 is very rich on silt-sized grains,

Plasma :

284 :The plasma consists for the gresater part of pedorelicts in
different stages of soil forming (see pedorelicts),and is
porfyroskelic basic fabric,asepic-—-undulic.

mineralogical composition :clay minerals and iron,

ally
them

on grains,

285 :The groundmass has two components: a. soil material b. pieces

of rotten rock.
plasma soil material:asepic,clay minerals and iron.
rock :papulic fabric,clay minerals.

286 :asepic and papulic,clay minerals,

287 :papulic , clay minerals,
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plasma Ruorientations

284 : weak 3 gleesepic,skelsepic,channel vosepic and masepic.
285 : planar vosepic,skelsepic.

286 : skelsepic,masepic,qlaesepic,planar and channel vosepic,
287 : locally a little bit channel vosepic.

Voids

284 and 285

compound packing voids,channels,vughs,interconnected

vughs,skew planes,craze planes,

286 > . : channels,vughs,interconnected vughs,skew planes,
craze planes. '
287 : idem as 286 except for the interconnected vughs.

Special Features

(Ferri-)argillansjpapulessquasicutans,

28B4 :Distinct,moderately strong continuous orientated,channel and
plane ferri-argillans,10-50 micron thick,sharp outer boundary
and derived papules and identical quasicutans,
Some ferri-argillans have a much higher iron content and
consequently a much lower birefringens.

2?85 jDistinct,strong continuous orientated ferri-argillans and

argillans,10-400 micron thick,in channels and planes.The argil~-::.

lans mostly don’t show any sign of layering.
In rotten rock : normal void argillans and ferri—argillans;
The illuviation of red ferri—argillans.seems to be the last
process,because if they occur together they cover the white_
argillans,.
Papules from argillans,10-300 micron diameter,most frequently
occurring in patches with silt rich material.
286 :Distinct,strong continuous orientated Ferri-argilléns and
argillans,10-500 micron thick,ferri-argillans locally up to
5000 micron thickjthe argillans occur in a flecked orientation
pattern.
Papules,10-200 micron thick,derived from the (ferri=-)argillans,
are most frequently occurring in bands of silt-rich material.
287 :Distinct,strong continuous orientated,ferri—-argillans apg
argillans,10-200 micron thickjargillans often cover fer?i—

argillans.,.



Uther Illuviations

285,286 and 287 : Very thick,50~5000 micron, "waxy"cutans ,probably

proceeded from dissolved volcanic ash,

Matrans

?2B4 :Matrans in channels and planes;they cover ferri-argillans,
and sometimes the ferri-argillans cover the matrans,

286 and 287 : A few matrans in channels,.

Pedotubules

284 : Distinct ortho-matric aggrotubules,l1-5 mm diameter.

285 ¢ Distinct ortho-matric isotubules.

Hydromorphic Features

Quasi- and/or neoferrans/mangans

284,285 and 286 : Distinct channel and plane neoferrans/mangans in

a clustered distribution pattern and locally
covering the ferri-argillans,thickness : 28B4 : 10-50 micron;285 and
286 : 10-200 micronjthey have a sharp outer boundary.

2873 idem,but with diffuse outer boundary and 10-100 micron thick.

Sharp Nodules

284 : Sharp rounded ferric/manganiferous nodules,30-3000 micron dia-
meter,with high spherecity.
285

Sharp'rounded, subrounded and angular ferrib/manganiferous
nodules,30-1500 micron diameter,with high sphericity.They
occur most frequently in patches which ars rich on papules
and silt sized materials,
286 : idem as 284 but with 1-5 mm diameter,and :
sharp anqular Ferric/manganiferous nodules,30-200 micron
diameter,with high sphericity.
287 : idem as 284 but 100-5000 micron diameter and with high and

low sphericity.

Diffuse Nodules

soh
1

284 : Diffuse ferric/manganiferous nodules 10-100 micron dia@bter

with high sphericity.
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285 : idem but with diameter 30-1000 micron,and in a clustered
distribution pattern. .

286 : idem as 284 but diameter 30-400 micron.

287 w on o " . 30-300 "

Iron rich patches

285 and 286 : Iron rich patches along planes and channels,

284 and 287 : not prssent,

Other Biogenic Features

284 : Distinct welded matric fecal pellets,30-100 micron diamster.

In the other thin sections are fecal pellets not present.

Relicts

Pedorelicts

284 : Subrounded matric nodules with skelsepib and which are moreless
red than the groundmass.
Sharp subangular matrix nodules with plasma reorientation,
100-300 micron diameter,probably originally rock pieces which

are weathered in situ.

Lithorelicts

284 : Pieces which are grey and rich on secundary silica and richer
on silt sized grains than the other soil material,containing a
lot of yellow papulés,rounded sharp nodules,and locally rounded
matric nodules.They occuf in a banded distribution pattern
and sometimes show a little layering,

285 : In this thin section the groundmass consists of two components:

3. s0il material b. pieces of rotitén rock

CONCLUSTONS
|

284 : The biological activity is high{channels,fecal pellets),but
not very high.

The sharp rounded ferric/manganiferous nodules are an indication of

displacement,possibly as the result of biological activity,oﬁféoil

. H
material,
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Formation of neoferrans/mangans seems to be the last process because

they mostly cover ferri-argillans,

285 : There is not much biological activityj;the presence of channels
can possibly be caused by fossile biological activity.
The sharp rounded nodules : idem as 284.

In pieces of rotten rock : ferri-argillans cover argillans if they

occur together;this indicates two phases:argillans -~ weathering,
ferri-argillans =illuviation.bLocally the argillans show a layering.
The papules of the pJLlic plasma in pieces of rotten rock are caused

by weathering,

Pieces rich on silt-sized grains and on papules.What is their origin?
possibilities:

1, Angular rock pisces are weathered,displaced,weathered again,and
the voids are filled up with other materials,rich on silt-sized
grains, This possibility is the most likely,

2. The concentration of silt-sized grains and papules is caused by

erosion by subsoil waterstreams.

286 : This thin section is essentially the same as 285,but in the
under part of the thin section rotten rock is going to dominate.

In the rotten rock,rock structure is present with signs of weathering:
argillans with flecked orientation patteern in planes.

Some channels are filled up with silt-rich material,and nodules

occur in the rotten rock,

287 : This thin section is originating from the surface of a spring
cutting on 5M distance from profile 1S and consists mainly

of rotten rock,

It is essentially the same as the rotten rock of section 286 but

the clay has been washed out (about 10% clay left).

Sharp rounded ferric/manganiferous nodules indicate displacement

of the material.

Just as in thin sections 285 and 286 "waxy" cutans occur that probably

have been proceeded from dissolved volcanic ash,

Some silica=aluminium gels have filled up channels and voidsﬁgﬁis

is possibly the explanation for the high CEC.This allophane—fike

material can be a product of weatherimg,
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The whole matrix is permeated with secundary silica that is present

in big guantities,

formation of argillans after formation of neofarrans/mangans.
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3.2.9030
PROFILE 35

e —————————

thin sections: horizon: depth(cm):
75/288 B2,1 140-155
75/289 B2,2 395=410
75/290 82,3 710-725

DESCRIPTION OF THE THIN SECTIONS

Groundmass

Skeleton grains

size : 288 : 20~400 micron,the greater part 20-40 micron.
289 : 20-400 " .
290 : 20-700

" ,many silt-sized grains in a banded
distribution pattern.

Angular,low sphericity,in a random distribution patternjmost of

them weathered,some of them covered with iron oxides.

Mineralogical composition :feldspars,quartz and chert,

Plasma

The plasma consists of clay minerals and iron,arrangement:asepic.

288 consists for the greater part of pedorelicts(see pedorelicts).

N

Plasma reorientations

288 : glaesepic,masepic,wsak channel vosepic and weak 'skelsepic.

289 : " v u yplanar vosepic and skelsepic.
290 " ’ " s o ,channel vosepic and skelsepic.
Voids

All thin sections : compound packing voids,channels,skew planss,

craze planes,vughs and interconnected vughs.

Special features

Ferri-argillans

288 : Only in darker parts,probably originating from other harizons

the following ferri-—-argillans : L

!

distinct,strong centinuous orientated,channel and plane ferri-ar-
gillans 10~40 micron thick with sharp outer boundary,and idem :

very few ped ferri-argillans,20-60 micron thick,

. -
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289 : Distinct,strong continuous orientated,channel ferri-argillans,
locally covered by iron oxides and locally with a lower bi-

refrinoens,10-100 micron thick with a sharp outer boundary,and :

idem plane and ped ferri-argillans 5-100 micron thick.

Diffuse ferri-argillans locally covered by iron oxides,10-100 micren

thick with a sharp outer boundary,

290 : Distinct,strong continuous orientated,channel and plane ferri-
argillans,10-1000 micron,locally 'up to 2500 micron thick,
with sharp outer boundary.

Sometimes the ferri-argillans are laying against sharp nodules.

Papules

288 : Distinct,strong continuous orientated,ferri-argillan papules,
10~-40 micron thick,some of them covered by iron oxides.
289 : idem papules 10-50 micron thick.
290 : idem papules 10-50 micron thick. In tubes which are more
rich on silt-sized skeleton grains than the surrounding soil
material,many papules are found,and in parts of the tubes that shouw

a slight layering the papules are smaller than on other places,

Pedotubules

288 and 289 :Distinct, ortho matric aggrotubules,l=5 mm diameter.
290 : idem,but with neoferrans/mangans.

Tubes which are less - rdd and which have more skeleton grains
of silt size and papules than the surrounding scil material,and in
which man logally a layering can recognize.Secundary silica and
sometimes very thick(up to 2500 micron) ferri-argillans are fouﬁd

in this tubes,

C. Hlydromorphic features

Quasi- and/or neoFerrang/mangans

288 : not present.
289 : Distinct channel, plane and ped neoferrans/mangans,10—200
micron thick,plane and ped neoferrans/mangans locally up to
500 micron thick,with a sharp outer boundary and occurring in E”
!,

_clustered distribution pattern. !

On some places neoferrans/mangans are covering ferri-argillans.
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290 : Distinct channel and plane neoferrans/mangans,10-400 micron
thick,with sharp outer bouhdary,in a clustered distribution

pattern and mostly covering the ferri-argillans,

Distinct channel and plane quasiferrans/mangans 10-50 micron thick,

sharp inner and outer boundary.

289 idem quasiferrans/mangans.

Nodules and concretions

288 : Sharp ferric—ﬁanganifarous nodules,10-2000 micron thick,low
as well as high sphericity,

Diffuse ferric—-manganiferous nodules,10-1000 micron thick,high

sphericity,

289 : Sharp ferric-—-manganiferous nodules 20~2500 micronmn thick,high
sphericity.and idem diffuse nodules 30-200 micron thick.

A few partly sharp partly diffuse ferric-manganiferous nodulss,

30-100 micron thick,

290 : sharp and diffuse nodules idem as 288 but both 20-2000 micron
thick.

A few concretions 100-200 micron thick,

Iron-rich patches

289 : patches which are mors réd,caused by iron movement.

Other biogenic features

288 :Faint single and stroengly welded matric fecal pellets,50-300

micron.in diameter and in a clustered distribution pattern.
A great part of the soil consists of fecal pellets
288 : idem fecal pellets,but obviously less than in the previous
thin section.

290 : no fecal pellets.

Relicts

288 : The plasma consists for a greater part of pedorelicts :

faint subrounded pedorelicts with a high sphericity,in dif-
ferent stages of soil formation,50-1000 micron diameter and in a
random distribution patternjthey contain plasma and skeleton grains
and are in general more red than the surrounding soil materi%ﬂ.
igger matric pedorelicts which are darker reddish brown than the

surrounding material and in which ferri-argillans are present;they



have a diameter of 0.5-2 cm and are seen by the naked eye in the

thin section,

289 : Faint subrounded pedorelicts in different stages of soil
formation,with a low sphericity,30-1000 micron diéheter and in

a random distribution pattern.They are generally darker reddish

brown than the surrounding soil material and they don’t contain

skeleton grains,

290 :pedorelicts idem as 289,but 100-1000 micren diameter and the
colours are often more greyish red than the surrounding soil

material.

CONCLUSTONS

288 ! The biological activity is high but not very high because
there are many voids and cutans only occur as papules;ferri—

argillans are only occurring in darker parts which are driginating

from other horizons.

The sharp ferric nodules indicate displacement,possibly as ths re-

sult of biological activity,of soil material.the darker parts are

another indication for displacement of soil material. ,

The ferri-argillans tend to become more red by enrichment of iron

oxides caused by weathering,

289 : The biological activity is less than in the previous thin
section,but still plant roots are found on this depth.

Undisturbed ferri-argillans anmd neoferrans/mangans are present,

Formation of neoferrans/mangans seems to be the last process because

they frequently cover ferri-argillans,

Sharp ferric-manganiferous nodules with a high sphericity indicate

displacement of soil material,

Diffuse ferric nodules and patches which are more red indicate

movement of iron oxides.

290 : there is some biological activity - the presence of channels
is an_indication for that - but significantly less than the previous
thin sections.In the groundmass are only a few papules present,,
ffany undisturbed ferri-—-argillans and neoferrans/mangans are péesent.
Sharp ferric/manganiferous nodules indicate displacement of soil

material.
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Clay-iron illuviation must have taken place after displacement
because ferri-argillans are laying against sharp nodules.

Formation of neoferrans/mangans seems to be the last process because
they frequently cover ferri-argillans.

Tubes are occurring which are rich on silt-sized grains and papules
and which locally show a layering.Very thick clay cutans (up to

2500 micron) in voids,secundary silica and omnisepic arrangements
seem to be assiociated with these tubes.Probably these tubes are

lithorelicts : weathered pieces of raotten rock,

3.2.9.4.
THIN SECTION 75/291 rock sample

This thin section is made from a piece of rotten rock found on a
spot along the stream on the valley bottom downwards the slope on

which profile 15 and 3S are situated.

According to van der Plas this rock is an arcose sandstone or in-

durated tuff,with plagioclase as a component,and is not andesite as

was expected.

302.9l5.
PARENT MATERIAL

In the soil profile 35S are components present of the sandstone of
thin section 291,but no pieces of sandstone,consequently it is not
obvious what the parent material of profile 35 was.

In thin ssctions 284 and 285 chert fragments,feldspars,quartzite
and angular and rounded quartz is present.

In 286 are many feldspars originating from igneous rocks and
pyrophyllite with a high birefringens present,and in 288 and 289
the quartz and chert grains are rounded while the feldspars are
anqular,.

The rotten rock of 286 and 287 has the structure of a sandstone,
According to van der Plas the parent material of the two profilgs
is a comprimated and indurated tuff layer.In the andesite ash iayers

can appear,caused by ash rains during the eruptions.
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3.2.10, Water Samples

The following water samples have been taken :

(A+B means : the sample consists of two bottles)

15 A+B : groundwater from profile pit 1S date : 25-3-10975
1l A+B : water from spring near profile pit 1§ " ¢ 5=3-1975
2 A+B : water from spring in transition zone

hill-valleybottom near Kenyamware " : 5=3-1975
3 A+B : water from spring in tea field near

Kenyerere School " :  1-4-1975
4 A : idem as 2 A+B except for sampling date : " ¢ 1=4-1975

The total amount of cations was very small : 0.3 meq/100 g for
all samples.

The analysis results are shown in table 2, -

table 2 : Analysis results of water samples.

sample nr/pH cations (meg/100 g) Sig0, sampling
Ca |Mg Na K total (mm51/100 g)| date

1S5 A+B 5.3{0.,01|0.01(0,13|0.03} 0.18 0.57 25=3-1975

1 A+B 6,7|0.02|(0.012{0.,13|/0.03! 0.19 0.62 5~3-1975

2 A48 6.4{0.03{0.02|0.11{0,04| D.20 0.55 5=3-1975

4 A 5.2|0,02{0.01{0.,11|0.04] 0.18 0,57 1-4-1975

3 A+B 5.7/0.02}0,0110,1210,04] 0.19 0.55 1-4-1975

It is not sure uhether the selements in the water originate from
solution of salts or from solution of minerals.

Assumed they originate from minerals,the figures cani: be plotted in
stability diagrams,

The figures of K,pH and 5102 plotted in the stability diagram of
minerals in the system A1203 - 5102 - K20 - H20 at 25° and 1 atm
total pressure,indicate that the mineral kaolinite is stable,

The figures of Mg,pH and 5102 plotted in the stability diagram

,05 = 5i0, = Mg0 - H,0 at 25 T and

1 atm total pressure,give the same result,

of minerals in the system Al
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4, Caonclusions and Final Classification of the Soil Profiles.

Springs have a strong impact on the geomorphology,and especially

on the valley forms,in and around the Magombo market area.

The pH of the water from the springs varies between 5.2 and 6.7;

the amount of cations in the water is very small : about 0.3 meq/100 g.
The origin of a kind of round pits with a diameter of 5-15 m and

a depth of 1=5 m is still a point of discussion,but likely is

that they are archaeological remains,

The differences in soil between a point near the top of a hill
(profile 3S) and a point just above a spring on the bottom of a

small valley (profile 1S5) have been studied.

The most probable parent material of both profiles is indurated tuff.
Addition of volcanic ash to the so0il by ash rains in the past is

not ruled out,

Profile 15 was shallower (however still more than 8 m deep),but

was higher in base saturation throughout the profile,less acid

in the Al horizon,and the thickness of the Al horizon was far

more than that of profile 3S.

The percentage of clay (<2p) in both profiles is about 50-60 %

in the A, and about 65-75 % in the B, horizon.

In the samples from profile 35 the clay mineral kaolinite is
dominant,while in profile 1S a transition kaolinite - montmorillo-
nite clay occurs,

According the norm calculations the origin of both profiles could

be : weathering of volcanic ash,

Classification

Soth profiles have a mollic epipedon and an argillic horizon,
The base saturation is the crucial point,

Final classification :

Profile 1S5 :

very fine clayey,kaclinitic,isothermic,cumulic Paleudoll
Nyambaria series

Profile 35 : v

I
very fine clayey,kaolinitic,isothermic,cumulic,mollic Palehumult
Magombo series

reference : Soil Taxonomy (december 1975)
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Research J.H.M.Scholten

SOIL PROFILE DESCRIPTION 58—
profile nr,:15
Nyambaria series !
classification:7  :very fine clayey,kKaolinitic,isothermic,cumulic Paleudoll

, .
date:25-3-1975,beginning wet season ST
author:J.H.M.Scholten
location:shest 130/2 kisii,kenya ,714.7€, 9926.3N,Magombo market arsa.
elevation:+1865 M above sealevel.
landform:upper valley bottom, just above spring.
" surrounding country:hilly.
geol,.formation:Bukoban
slope:concave,100 M length,slope gradient:8%
landuse:grass
climate:isothermic,rainfall:about 2000 mm a year.

parent material:andesite

drainage:well drained-somewhat excessively drained

moisture conditions in the s0il:0-650 cm moist,from 650 cm wet
groundwaterlevel:7,30 M

erosion:only in bare so0il very slight sheet erosion.

rock outcrops:some rotten rock in spring cutting

root distribution:well distributed till concretionlaysr on 210-215 cm depth.
infiltration:very rapid (+_14 m/day)

human influences:some paths,50 cm incised

This soil occurs on the bottom of smaller valleys running down larger slopes,
and contains a lot of humus-rich soil material which is washed down from the
valleysides,Particularly in the wet season this so0il can Bebe rather wet,

S0IL PROFTILE

Al 1 0-70 cm Dark reddish brown{5YR2/2 moist)very fine clay;moderate very
’ fine subangular blockyjvery friable moist,slightly sticky
slightly plastic wetj;many fine and very fine,common medium
poresj;clear wavy boundary.
samples:1 bag(mixed)and rings 53+54(35-40 cm) }9)

A 70-130 cm Dark reddish brown(SYR3/2 moist)very fine clay;modérate
fine subangular blockyj;friable moist,slightly sticky slightly
plastic weti;many fine and very fine,common medium pores;

' clear smooth boundary.
1 mixed sample * 352

A 130-210 cm Dark reddish brown(5YR 3/3 moist)very fine clayj;moderats
fine subangular blockyj;friable moist,slightly sticky
slightly plastic wetjmany fine and very fine,common medium
pores;abrupt wavy boundary.

samples:1 mixed,rings 55+57 (140~ 145 cm) 353

B 210-215 cm VYellowish red(5YR 5/8 moist)and black,discontinuous
nodular ironpan.Stagnating water on this layer.
abrupt wavy boundary.

samples:1l bag mixed samples. 354

2,2 215-250 cm Dark reddish brown(5YR 3/4 moist)very fine clayj;mouderate
fine angular blockyj;firm moist,slightly sticky sglightly
plastic wetj;continuous moderately thick clay cu@éns,
patchy thin coatings of probably iron and manganese;
many fine and very fine poresjgradual smooth boundary.

1 mixed sample. 354
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250-450

450-500

500-~650

650-730

730-800

Observatios
800-950

cm

cm

cm

cm

cm

very =59-
Yellowish red(SYR 4/6 moist) wexy fine clay;moderate wmxy
fine angular blocky;firm moist,slightly sticky slightly
plastic wetj;broken thin clay cutansj;continuous thick cutans
of probably iron and manganesejmany fine and very fins pores;
diffuse smooth boundary,.
samples:l mixed sample,32p0-325 rings 58+59,381-~396 tin BM172,
400-405 tings 60461, 254

Dark reddish brown(SYR 3/4 moist) very fine clay;moderats
very fine angular blocky;firm moist,slightly sticky slightly
plastic wetjcontinuous thin clay cutans,broken thin cutans

of probably iron and manganesejmany fine and very fine pores;
gradual smooth boundary,

samples:l mixed sample,470-475:rings 62+63. 3%7

Dark brown(7.5YR 4/3 moist)very fine clayj;moderate fine
angular blocky;firm moist,slightly sticky slightly plastic
wetsbroken thin clay cutans and cutans of probably iron and
manganesejmany fine and very fine poresjabrupt irregular
boundary.

samples:1 mixed sample,540-545 cm:rings 64465, 358

Multicolored (mainlydark browum7.5YR4/4 and pale yellow

2.5Y 7/4) rotten rocki;moderate fine angular blockyjhard dry,
friable moist,slightly sticky slightly plastic wetjlocally
broken moderately thick clay cutans,broken thick cutans of
probably iron and manganese in pores and locally on ped
facesymany fine and very fine,common medium poresj;diffuse
smooth boundary,

samples:695-710:tin,700-710:500 cc,710-715:rings 7142, 3?7

Multicoloured (mainly pale yellow 2.5Y 7/4)"rotten rock";
moderate fine angular blockyjhard dry,firm moist,slightly
sticky slightly plastic wetgbroken thick cutans of probably
iron and manganese,broken moderately thick clay cutans,
thick clay cutans in larger poresjimany fine and very fine,
common medium arnd coarse poresjgroundwater level at 730 cmj
samples:750-755:rings 11+412,750-760:500 cc,750-765:tin.'560

with motor auger just besides of the pit site :

cm

Light yellowish brown(10YR 6/4 wet) sandy clay?;sticky,
non plasticj;saturated with water.
samples:2 plastic bottles. '563

950-1000 cm Multicoloured(maincolour pale yellow 2.5Y 7/4 )"rotten rock";

1000-1100 cm

slightly sticky,non plasticymore dry than horizon above.
samples:1l mixed sample. %6]

Pale yellow (5Y 7/3 moist)"rotten rock";friable moistjrather
dry.
samples:1 mixed sample. 342




Ressarch J.H.M,Scholten

S0IL PROFILE DESCRIPTION 50=
profile nr.:3S
Magombo series h
classification : 7 :very fine clayey,kaolinitic,isobhermic scumulic

FAO:humic Nitosol. mollic Palehumult |
dote:22=-3-1975,beginning wet season. B

author:J.H.M.Scholten .
Location:sheet 130/2 Kisii,Kenya,714.9 E£,9926,3 N,Magombo market area.
elevation :about 1880 M above sealevel.

landform:saddle between hilltops

landform of surrounding country:hilly,

slope:linear slope of 500 M lengthjgradient:5%

landuse:pasture

climate:isothermic ,rainfall:about 2000 MM/year.

parent material:andesite
drainage:well drained
moisture conditions in the soil:moist throughout. the profile
groundwaterlevel i ————-
infiltration:very rapid,K= +12 N/Zdhrs-
_rootdistribution:fine and very fine grassroots well distributed throughout
. the profile up to a depth of 4mM.

Very deep,red,very fine clayey soil,with a good structure and a High biological
activity,formed by weathering of andesibe rock.This is the most important
soil series of the area.

SOIL PROFILE:

Al,1 0=-50 Cm Dark reddish brown (5YR 3/2 moist)very fine clay;modsrate
uxxyx fine subangular blockyj;very friable moist,slightly sticky
slightly plastic when wetjmany fine and very fine,common
mediumand few coarse poresjclear smooth boundary.
samples:bag and cores49+50 (40~45 cm). 3&4

Al,2 50-~79 cm Dark reddish brown (5YR 3/3 moist) VERY FINE CLAYj;moderate
fine subangular blockyj;friable moist,slightly sticky,slightly
plastic wetjmany fine and very fine,common medium pores;
gradual smooth boundary.
samples:bag. 3 7

"32,1 79=270 cm Dark reddish brown (S5YR 3.5/4 moist)very fine clay;
moderate fine angular-subangular blockyj;friable moist,
slightly sticky slightly plastic wetj;moderately thick,
broken clay cutansjmany fine and very fine pores,few medium
pores;from 205-210 cm very many,small soft manganese con-
cretionsjclear smooth boundary. :
samples:l bag,l tin and from 140-145 cm rings 51+52. 368

ko ks cm: 55288

B2,2 270-700 cm VYellowish red (5 YR 4/6 moist) very fine clay;moderate
medium angular blockyj3;firm moist,slightly sticky slightly
plastic wet;common fine and very fine poresjthick broken
clay cutansjblack continuous coatings frem iron and manganese;
gradual smooth boundary. 528
samples:1 bag,l tin(395-410 cm{and,rlngs 67+68(320-345 cm).

600-~-60S5S:rings 69+70,600-610:500 cce. .

B2,3 700-750 cm Yellowish red (5YR 4/6 m01st Jvery fine’ clay,moderate medium—~
-coarse prismatic;firm moist,slightly sticky slightly plastic
wetjpatchy thick clay cutans,continuous thick cutans of iron
and manganesejcommon fine and very fine pores;
samples:710~-725:tin,740-745:rings 13+15,740-750: 500 cc. )7/

\975?70

- _ "_/ s :/
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table 3

NUMBERS OF SOIL SAMPLES

PROF ILE 15

number

75/351
352
353
354
355
356
357
358
359
360
361
362 1
363
364

365
A wea

B unuw

PROFILE 35

75/366
367
368
369
370
371

NR 74-02-05

depth
0-30
70-130
130-210
210-215
215-250
250-450
450-500
500-650
700-710
750-760
950-1000
000-1100
800-~950

spring surface

rock samples
thered part

eathered part

0-50
50-79
79-270

270~-345
600-610
740-750

horizon-

Al,1
Al,2
Al,3
B2,1
B2,2
82,3
B2,4
B2,5
B3,1
83,2
B3

B3

B3

B3

R

Al,l
Al,2
82,1
B2,2
82,2
82,3

Research Hans Scholten

thin section no.

75/284

75/285
75/286

75/287

75/291

75/288

75 /289

75/290

-hle

depth

381-396

695-710
750-765

surface

140-155

395-410

710-~725

-



table 4 TEXTURE RESEARCH MAGOMBO MARKET AREA KENYA

BY HANS SCHOLTEN -62-
pro- (cm) Z
file: depth horizon <2 2-16 '16-50 50-74 74-105 105-2000 Micron
15 35-40 AL1 50.7 30.0 13.8 0.7 1.0 3.8
130-210  Al,3 52,1 27.2 13,9 0.7 1.1 5.0
210-215  B2,1 29,0 22,9 17.9 0.9 2.2 27.1 7
215-250  B2,2 62.5 18,7 12,3 0.8 1.0 4.7
320-325  B2,3 71.1 14,1 9,2 0.7 1.0 3.9
450-500 B2,4 66.5 16,8 10,9 0.6 0.9 4.3
700-710 B3,1 50,9 22.0 11,8 1.0 1.5 12,8
750-760  B3,2" 42,8 28,3 14,9 1.4 2.1 10,5
950-1000 B3,4 29.3 30.4 19,5 1.7 2.3 16.8
spring B3 10.0 33,9 31,0 2.3 3.0 19.8 f/
3S 40-45 Al,1l 62.3 19,6 11,6 0.8 1.1 4,8
‘ 140-145 B2,1 68,1 14,9 11,2 0.7 0.9 4,2
340-345  B2,2 72,0 11,7 9,3 0.9 1.2 449
600-610 B2,2 73.1  10.5 8.8 0.7 1.1 5.8

') 600-2000 :12.7%
:) 600-2000 : B,0%
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;o Appendix RAPPORT VAN ONDERZOEK
_ . -64=
DEIREFT: Mineralogisch onderzoek aan de klei-fractie (<2u) van een aantal

monsters uit projekt W 74-02-05 (Kenia, Hr; Scholten)

HOUSTERS : Profiel 15 : 75%/351- jSB-;)b-)56-3)8—§59-360-361-362 en36#-
Profiel 35 : 75/%66-568-369 en371.

VOORBEHUANDELING: "Alle monsters werden gesedimenteerd op een keramisch
plaatje, waarna de klei bezet werd met Mg+*:ionen. Ha
Rontgendlffractle opname werden enkele ronsters met
plycerol behandeld; ook werden sommlge monBters met K -
jonen bezet en verhit tot 600 °C, | i

NESULTAAYL: In de eerste vijf monsters van profiel 1S is het 7 h-kleimineraal
_ kaoliniet zeer duidelijk dominant. Verder een zeer weinig illiet
‘ (10 A) en mogelijk wat chloriet ( een nauwelijks te zien piekije
verandert niet na verhitting). Een verhoging van de ondergrond
tussen 7 en 10 A y,resulterend in een klein piekje tij ca. 10.7 4

kan wijzen op een interstratificatie van illiet en chloriet.

In monster %98 is in geringe mate montmorilloniet aanwezig, welke

hoeveclheid cterk toeneemt in de volgende monsters: in 360, 3£l en

. 362 is montmorilloniet zeer duidelijk dominant, om in 364 weer af

te nemen. ln alle monsters blijft kaoliniet duidelijk aanwezig, zij _

- het natuurlijk in mindere mate dan in de eerste monsters van dit
profiel. Voor de rest geldt voor deze monsters hetzelfde als voor
de eerste monsters van dit profiel.

Wat de niet~k1ei-ﬁineralen betreft: alle monsters bevatien een

ili Feringe hoeveelheid kwarts en veldspaten. Wat dit laatste betreft:

in de monsters 353, 361, 362 en 364 meer dan in de rest van de

monsters. Dok oboe,i/(,.“/{ A Od’-\-h-"c\:-% wal—’{ 6,§Mo\.~/\.—e/ﬂ']'/(,, .y 560‘1 5@,&1)

Voor de vier monsters van profiel 35 geldt hetzelfde sals voor de
ecrste vier monsters van profiel 1£: kaoliniet zeer duidelijk

dominant.Verder een welnig kwarts en veldsgaten.

*hu\{mmi/{om\'% (Cf«. !HA) ex po~cleind rmabo. “)L’M-f( rmeceh Ceo (9 /i

-1-



SAMENVATTING RESULTATEN:

Jok

3b4 +qlyc.

L

[} ' ] ‘ ] . . 1

| ~65~
In de monsters van profiel 35 ie het klei+mineraal

‘kaoliniet dominant, terwijl we in profiel 1S een -

overgang zien van kaoliniet naar montmorilloniet.,

Hieronder enkele diffractogrammen die representa-
tief zijn: 356 voor de "kaoliniet-monsters" (3A) L
359 voor overgang "kaolinjet =——p montm."

361 voor de '"montmorilloniet-monsters" (E1A\
.‘.‘A *"
I " 36y, Ny b
: "
ser, Py

‘14'
259, 9
s 92

lo.© l.\ 556 » n{ **

ot
356, Ny

L § -



Appendix,table 6

profile nr. 1S

horizon depth(cm) PH=H20
@.;;Al,l 0-70 6al
35 2R 70-130 5.9
14
'593Al,3 13 0-210 S.7
35U8B, 210-215 542
b4
¥558, 215-250 5.0
4 ’
358, 250-450 4.8
- ’
e 450-500 4.6
7”282,“ '
1538 500-650 4.5
9
55783’1 700-710 4.8
26beBy 750-760
H - ?
.{-383 5 800-950 5.1
; ’
55,83’4 950-1000 5e2
2B < 1000-1100 Se4
> 1
3éq83 spring 5.0
profile nr. 35
./
BCé Ay 0-50 5.2
;%57Al,2 50-79 5.5
35392’1 79-270 4.6
/
5ép52,2 340-345 4,5
37Q 600-610 &7
',;7|52 3 740~750 5.0
‘ "‘:, ’

_3b-

PH RESEARCH PROFILE 15 AND 3s

-~

PH-KC1

5.3

4,7
4.2
4,2
442
3.8
3.8

Research J.H.M.Scholten

PH=Call2

6 =H6=



Appendix table 7

ORGANIC MATTER RESEARCH MAGOMBO market AREA -l =
Profile no.: 1S by J.H.M.Scholten

depth vol.% B.D. org.C
cm water kg/1 , vol.%
0-10 44,6 D.87 2.01
10-20 43,8 0.89 2.03
20-30 44,6 0.81 1,84
30-40 47,6 0.86 1,94
40-50 4642 0.96 2,12
50-60 43,8 0.98 2,09
60-70 44,2 1,02 24,16
70-80 44,7 1,04 2,09
80-90 4247 1,05 1,27
90-100 46 .4 1.13 0.91
100-110 49,2 1.12 0.79
110-120 39.3 l.11 0.66
120-130 42 .8 1,17 0.66
130-140 40,0 1.20 0.63
140-150 39.8 1,21 0.60
150-160 38.6 1,20 0.52
160-170 36.5 1.22 0.58
170-180 38,7 1,23 0.48
180-~190 41,2 1.18 0.41
190-200 36,8 1,27 0.39
200-210 35,9 1,21 0.38
210-220 3745 1,15 0.34
220-230 39,5 1,22 0.24
230-=240 3746 1.23 0.20
240-=250 37,1 lo17 0.23
250-260 37.0 l.21 0,32
260-270 40,0 1,22 0.28
270-280 33,7 1,15 0.24
280-290 46,7 1,17 0,30
290-3400 44,3 l.17 0,15
300-=310 46,42 1.18 0.19
310-320 49,8 1,20 0.18
320-330 48,7 1,22 0.18
330=340 46,8 l,18 0,18
340-=350 45,7 1.14 0,17
350~-360 48,5 1,22 0.17
. 360=370 48,5 1,20 0.19
370-~-380 47.4 l1.22 0,17
380-390 48,2 1.29 0,10
390-400 51,1 1.25 0.19
400-410 48,9 1.23 0.20




table 8 appsndix

= B=
ORGANIC MATTER RESEARCH MAGOMBO market AREA
profile nr,:3S by J.H.M.Scholten
depth vol.% B.D. vol,.%
cm water ’ kg/1 org.C
8~-10 27 1.20 2.52
10-20 32 0.94 1,99
20-30 40 0,97 2,03
30~-40 36 1,17 2,41
40-50 25 1,17 2.39
50-60 29 1.18 2.28
60-70 25 1,21 2,03
70-80 27 1,10 0.76
80-90 25 1l.14 0.54
90-100 27 i l.16 0.64
100-110 34 1,15 D.48
110-120 41 1,05 0.48
120-130 42 1,08 0.55
130-140 40 0.97 0.45
140~-150 C 42 1.04 D.36
150-160 42 1.06 0.30
160-170 40 1,04 0.23
170-180 43 1.12 0.21
180-190 45 1,19 0.19
190-200 41 1.11 0.16
200-210 41 l.11 0.15
210-220 43 1.14 0.15
220-230 44 1.20 0.11
230-240 46 1.20 0.08
240-=250 43 1,08 0.09
250-260 41 1.03 0,11
260-270 41 1,13 0.07
270-280 4?2 1,18 0.05
280-290 42 1,17 0.09
290-300 44 1.23 O0.14
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table 9

FREE IRON AND ALUMINIUM

appendix
project nr. 74-~02-05

profile nr, 15

horizon

es] QU o T O o o o P >
LW N NN
- - - - - - AV - -
SsS 00N = O YN Y

depth(cm)

0-70
130-210
215-250
250-450

' 500-650

700-710
750-760

1000-1100

950-1000

spring

profile nr. 3S

0-50
79270
340-345
740-750

4,99
6.03
4.44
5.04

research J.H.M.Scholten

MAGOMBO MARKET AREA,KENYA

%F9203

9.27
11.85
12,89
12,92
11.54
9.86
9,36
5423
6.89

10,23
11,85
12.57
13.77

-0
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| @ CLAY FRACTION 80,7 PER CF4T OF FINF EARTH

® . MOLAR RELATIOHS. OF THE 3£50UI0X1DES . A S
ST02/7(AL2U3+FL203) S102/a1,203 S1U2/FE203 AL203/FE20)3
o - IN THIS FRACTIOU: . 14718 2,501 5,789 e 2 IS e et e
) C02, H20+ AnD H2M0e EXCLUDED FROM MEy TOTALS . .
-— . — __0OXIDES_MARKED WITH ASTERISK# NOT USED IN wORM. CALCULATION. . . L e e e e et e+ e e = . -

o o

i

]
(
)
.{ '
e o &6 o o o o

¢ —eim—me .. .COMPQ~ 4T PERC CF3. . . BASIS LEQ, NR HORM ¥FEQ, R H4EQ, HR WT PERC GF: - - ... .. e e
SITIOH FRACTION FInE EAPTH FRACTION FINE FARTH NON=CLAY

cp 2,6 046 0,04 0,02 0.04

® $102 36,55 18,53 RU 19,6
——— —__AL203 . ___.24,80 _...12,57. . CP ..U,6 CSIE 14,5 C1445 . 0 1435 . . 0,58 L . 1439, ... .. 3 — -
® - FE203 16.78 fe51 STR 14,5 VAR 0,0 0,0 0,00 n,u0 0,00 .
e e - ..FEO . . .21 0,11 VAR 0,0 9 107.7 54,6 R 1 1,66 . 3431
MNO# 016 0423 KP 56,0 RY 19.6 19.6 1,57 ‘0,60 1e61 ‘
. MGO . __ 0,1l .16 . KS 0,0 GOET 202,9 212, 18,02 S 9,14 18,53 .. _ .. ; |
4 CAO 0402 0401 iie 2103 cc 9.0 00 Us00 0,00 0400 |
\__ .- NAOL . 0422 0611 LUs Q.0 - "GS Vel . 'leu Ue00 ——_ 0,00. ... 3,00. .o _. I - 5
\ K21 0.91 0,46 CAL 9,0 SID U V40 0,00 0,90 0400 i
® . B204. _ _12.97 ... 6.58 CS 9.0 . O N 0.00 0000 . 0900m e o e
H20w4 0,00 Q.00 5P _ 23, HADH Tt 0.0 0,00 0,70 9,00 | !

.\-__.._._..-_.«TIOZ 1457 . Q.80 FD u,0 KOH 0,0 Uel 0,00 0,000 . 04CO0 . - . | Ll e
P2NsS Ge53 0,27 HZ 9,3 T 17,9 Ve 0,00 0,00 0,00

A _BAO® ____ 000 ... 0.0v.. FA 2.0 B : nd G0 0,00 .. 0,090 0600 s —
SRO#* 0.00 0,90 F$ 14,4 2B 2,1 35,9 1.86 0,94 1491 :
& _ - . .NIO» Qeul PITR 4 N,3 ur VIR U, 0. 00 0,00 . 0,00 B S ;'
CR203e 040 Vet c LRI c18F P 40 0,00 9,10 Cy00 : :
® - - - ZRN24 0.30 0,09 9 480 .4 KAOL 357, 773,14 50,25 . 25.48 51,68 a— e e P
. co2 o0 3,00 cn2 0y WsoILL  135.2  135,2 7,70 1,60 7491 o
e S# . 000 0e0u_ . H2Ue . 705,5 Mg 2.0 92,13 5,46 .. _.2,77 - .. .5,.62 e —— —_ ..
.‘? Ge0t .00 H2' = N0 FEMT M0 15,1 2,17 1,10 2:23 ®
Sl L o . [TPRV1¢) 0,9y . (U} o2 V.9 0,0 0,00 S 0,00 Ce00O PO
, U el Jenu Y nGNY 2 N Yen 0,00 0,00 0,00 C .
° . - 0410 a0V ©, 0 AP 0.0 .0 0,00 . £,00 2.C0 _ S
Jed? (UMY} S FE 5aP 0,) e 0,00 N, 00 0,00 [ J
e o S Geue. - 0,90 V0,0 0,2 C, Ue00 . . 0,00 an 0af0 - o i e e
® PRV ) eu) 0,0 ~n2 AN 0, 0,00 0,00 0,00 Py
Q00 . 4,00 U 2N 145,0 173,9 3,13 1,59 L3422 i m e e e
DERVE] N5 Gy H20)- 0,3 0,0 0,00 0,0 G400
o TCTAL 95,33 49,33 T AL 1369, 4 TATAL 13049, 1 13R9, 3 94,83 42,08 97,57 ’ o
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MAGOMBO 15 351 KONeCLAY FRACTION, EPI WOR™
€ e e e .
e ___MOLAR RELATIOHS OF _THE _SESGQUIOXINrES . . . .. . o . . : .
¢ §1N2/(AL203+FE2U3) ST0U2/aL203 5102/F5203 AL203/F5203
e ___IN_THI1S FRACTIONI G __ . _ . 54651 . 8,R48 15.642 1,768
IN TOTAL SO1IL: 3.106 4,58) 9,632 2.1014
(.___-.__.__coz,_ﬂzm AND_H20~ EXCLUDED FROM MEA TOTIALS . :
OXIDES MARKED WITH ASTERISK# MOT USED IN NARM CALCULATION
COMPOSITION _SHD%S VEGATIVE CONTENTS, THESE AAYE BLE! FT Tn 2ERO AFTER,
c CALCULATING RELATIONS OF SFSQUIOXINE3 AND REFOURF FPIMORA CALCULATIGH,
c__-».___._..-.compos _ . WT.PERC.OF:._ BASIS . MEQ, R NORY MEQ, iR «T PERC OF3
X SITION FRACTION FINE EARTH FRACTIDL FUUF FARTH
o sIn2 66,8) 32,01 . RU 16,0 cp 2.0 0,00 0,00
e .- AL203. . 12.82_ 814 .. .CP. oo 0,0 STR 2,0 Gel0 u,0n
N . FE203 11,36 5444 3TR 04,4 n,o 0400 0,00
__.FEO___ . __. 0.30. G414 . VAR 0.0 Q 702,09 42,75 20,24
LA " unow 1450 0,72 KP 210,53 RU 16,0 1.23 0,61
. MGQ . Dell . G,08 .. KS.. ... DI R 142.2 11.35 5,44 } L
PN CA0 0412 0,06 NE 199,.5 cC 7.0 AT 0,00
N . NA20.. 1,495 0,91 I - ) 2.0 _MGS n,0 2400 0,90
- K20 3,30 1,58 CAL . 6,5 §1N 1,0 APGE 0.00
it H20%. . 7.66. . .3.67. Cs. .00 0.0 0.0 1400
' H20w=s 0.00 0,09 sp 12,6 LY S 0,0 n,0Q0 0400
N TIN2_ . _ 1428 0481 . . FQ . R\ I r5X . 0.0 D.00 0,00 -
. P20% =0.13 =Ged5 H2 12,4 nS 414,90 23.50 11,28
S e o _._BAQe P] 2,00¢. FA 2,0 133 314,09 15,50 7,90
SRO#* 0,00 04 Fs 213,3 ne 55,1 3,0n 1.47 -
e e —.NTQ® 0,00 P02 .y X 1,0 6.0n 0,03 e x
v CR203+ 0400 0,07 c 97,13 TR 12.6 0,70 0,33 D
M _ZRO2® . _06Q0 002 . LG 97%00 KT 00 yae 0,00 . o e e e e
1 co2 000 0412 co2 v FE AT 6,7 Ge51 0,25 %
8% _ . 0.0 __ UeNG. . H2D4 . 425,3 0, 8,00 0,00 i B
0400 0.00 H2\e 2,0 70 0,0 0,00 vy 0u £
-~ e . Q_loo__, . [P . . .0-0 . AT Cln RIS 0,00 . - P, . e e o e R g
+ ' 0,00 7499 ¢,0 Fe AT 2,0 0.92 0,00 P ¥
W00 _9e00 L 1.0 MG 0T | RO N0 2,00 _ i e o S
. 000 0,00 a0 01 0,0 0,00 0,00 H
T 1YL B D) 0,9 KANL 0.0 04 0,00 _ o}
N.0n 0400 2.0 N2 0,0 .00 G4u0 3
..o 0400 . _04920 _ 0,7 H2C 4 352.1 6452 3.12 B o L L
L3 TLTTT0.00 042) 2,0 H2Nw 0.0 0,00 000 J
TOTAL 107,19 51,31 TOTAYL 1665 .6 TOTAL 1665 ,6 £5,.70 80,67 i
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e MAGOMBO 15 353 CLAY FRACTINY, GAETHITE ‘INRY T T T mTTT T
) "CLAY FRACTION S2,1 PER CENT NF FIME EARTH ’ ’ ’ o e e T

o ...t _ . . MOLAR_RELATIONS OF THE SESGUIOXIDES . . . . el

5102/ (AL203I+FE203) 5102/A1.203 S102/FE203 AL2NP3/FE20)
AAAAA - .. IN THIS_ERACTLON: . . . 1,819 L 2.578 6,185 .. 26402 . e e e e
€02, H20+ AND H2)= EXCLUPED FEnM MEQ TOTALS ,
e . .. OXIDES ARKED WITH ASTERISK® NOT USED IN NoORM CALCULATINY . _ . e e
— COMPC= . _ wT_PERC UF¢ _ . Basls AEa, YR HORM AEQ, iR mEQR, HR WT PZRC QFt . .- el e
3 SITION FRACTINN FILJE EARTH . FRACTION FINE EARTH NONeCLAY
e 5102 38,33 19,97 RU 17,9 cp 0,3 0,3 0,02 2,0 0,02
o AL203 .. 25,26 13,16.. . CP. . 0,3 STR 10,2 . 10,2 0,95 . . 0,5U. - . _ 1406 .. —__ S
FE20) 16,47 9,53 5TR 10,2 VAR 2,0 0yh 0,00 9,00 0,00
® _ FEO.. _ .. 0,20 _.0,1l .. VAP nLo Q 127.3 63,7 3.83 . 2.00 417 . . . _ CA—
5 MHNO® 0,47 0424 ¥p 61,9 py 17.9 17,9 1,43 0,15 1.56 :
N o MGO __ . 0,34 _ 0.18. .KS 9,0 GIET 201.2 201,2 17,86 . 9,31 . 19643 - o R —
CAO 0401 Ue0l HE 32,9 cc 0406 ) 0,00 1,00 CeDO :
W - NA20._ ___ 0434 . G6,18. . i3 o G0l s 0,0 ... CeD 0,00 0,00 . 0400 oo e -
" ® K20 0,97 0451 caL 5,0 s10 0,0 040 0,00 0,00 0,00 :
.. H204._ . 12,38 _ 6,71 cs 0,0 : 0,0 o0 0,00 0,0u 0000, o e
. H20=4# 0400 0,00 5p 25,3 "AOH Co1t.0 0,0 0,00 0400 0eu0
R - TI02 .. 1+43 .o 0,75 .. FO . 0,9 KOH u.t. 040 0,00 . 0,09 0000 . e o o e e e
& ,. P205 0,37 .19 H2 5.3 TC 19.7 V) 0,00 0,00 000
& . ... ____BAO® _ _  _(,00.._.._0,00.. .FA _ . 2,90 MY 6.8 2,0~ u.00 _ 9,00 2.00. e =
, SRN# 0,00 G400 FS 30,8 AB L) 54,9 2.37 1.5¢ 3,13
@ NIO® .00 . .0.00 z 0.0 nR Uad yen 0.0 0,00. 0,500 - S
CR20 3 3400 0,09 C 4a41,2 GTRF 0,0 0.0 ¢ N,Q0 2.00 Co00
o - ZRO2% 0400 040U G 509,5 KAQL dul.1 777,3 50,14 26412 54,53 . S
cu2 0,00 2,00 €02 UL, MEalllL 114.2 144,2 8,20 4,27 8492 {
———— . S§» — . 000 _ . Y,0u 120+ 154,38 ICAVIES } 7.0 121.2 5,99 3.12 Bs52. e e —
0,07 DIV H2le 0,0 PRI 2,0 35,1 2,17 1,13 2438

@ L - Qeud ~1.00 v,0 My 2 9,0 2.2 V,0U 0,00 2400 e e e (
: 0,00 0,0u 2.0 MGHS 2 nG 240 0,00 0,00 0,00

T 0,00 . .00 g0 SAR 00 Qv 0,00 0,00 . 2,00 . e el

L J D400 0400 VLo FE 5AP 2.6 oo 0,00 n,00 0.00 (

S ¢ 191 RN AL 1 . o0 2.0 et 0,00 0,009 0sv0 e e e e
® Qe00 DI IV 0,0 cn2 2,0 e N,00 0,0V 0,00
Lo , .00 0400 2,9 H2N+ 136,P 172,2 3.10 1,61 3,37 - e L (
090 N,00 0.0 H20- N,2 Ul U,00 0,00 0,00

o . TQTAL 97,09 §0,58 ITAL 1425.9 TATAL 1385.7  1495,9 26457 50,31 105,03 (
; EXCHANGEARLE CATIONS, wT PERC OF ZLAY FUACTION FINE LARTH
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MAGOMBO 1S 353 NONCLAY FRACTION, EPL OPM
‘t i — a—— — —— - - ST — — - PP - .
-_——— _._MOLAR _REUATINNS. OF. IHE SESAVIOXIDES . Lo
e S102/(AL203+4FC243) STI2/AL20) 3102/KZ203 AL2N3/FE203
S .. _IN_THIS FRACTIONY . . . . h,034 9,238 17400 1.R84
IN TOTAL SOiL: 34207 . 4,658 19,302 2,212

_...CN2, H20+ AND H20= EXCLUDED FROM dEQ TOTALS

~ OXIDES MARXED #ITH ASTERISKe INT USER Iii ¥ARM CALCULAUTOY

L _ _COMFQSITION SHOWS JECATIVE CONTENTS, THEGE HAVE RERN FT TN 2FRN AFTER,
CALCULATING RELATIONS OF SFSQUICXIDES AuD BcFURE ERIRIRM CALCULATION,

- ... CQWpPO=_ 4T PERC OF; BASIS HEQ, MR elal I 1MEQ, 4R T PFRC NF
) SITION FRACTION FIFE EARTH FRACTILN;! FILUE FAWTH
- 5102 68,401 32,538 Ru 15,6 ceP 0,9 D400 0,00
S AL20Y | 12,449 . S,98 _ CP 0,0 5TP ) 0,0 0,00
FE20) 10439 4,98 STR DIV} 0,0 AT 0,00
=N . _FEOD_ __.  0s23 __._ 9411 _ VAR X Ued) ) : 689,01 11441 19,R4
> MNO# 0498 447 KP 217,313 R 15.6 1425 0.60
S MGO. ____ . G410 . 0,05 _Ks N Hil 130,14 16426 4,97 . .
- N CAOD 0,08 004 HE 2190 cc n,n N0 006
N RA20 . 2,25 .. . l.08 "8 ) ;8 0,0 0,60 2,00 . .«
. K20 3441 1,61 CAL 4,4 sIn 0.0 0e00 0.00
. _H20¢ 3,61 _ 1,14 . CS 0,0 2.0 n,00 . 0,00
-y H20=e 0.00 0,99 3P 7.2 TSX oI B TV 9,00
__\ o TIO2 o 1e25 L Meny. o FO v, FSX . 0,0 N30 0,00 .
N . P20S “0,17 C =008 HZ 9.4 ng 3118,7 19,34 .50
S . _.. BADw» 0400 0,400 FA 0,2 AR 3%, 0 17,13 9.1k
SRO® 71400 0459 Fs 15,1 aR 13,1 0429 3,01
4 —mins o e . NIO® Heud 0409 Z L X 1,0 Qyuh 0,03
: CR20)% 0407 0eGJ C a5 .4 TRL: 7.2 00 n.19
Y ZRO2% Q400G . _Ue03 . Q . 321, 4 AT 7,0 2.00 2,90
o co2 0,00 0,00 cn2 2,0 FE AT 5,1 D40 0e1n
e _. S5« 0+00 0409 H2+ 201,2 0,0 BRI 0,C0
0eD0 0,00 H2 e U 20 ren N, 0o 0D
- L. i 0.00 0420 (U AT . n,0 0,00 N, 00
0,00 0,0 Lo FE &7 "2 0,00 0,00
e e e e e = Ve00 _ AL . (A 105 0T 0,0 NG V60
Q430 Con2 0,0, 07 3 D Y. 00
- ) 0420 Vo0V (L) KANL 0yt P 0,00
9e00 0,00 g,0 cn2 0N 0.0 a,00 -
. hetas oid 0100 R 0!00 'Jo'\) ':'2"* ]4q.7 ’Zoﬁq 1,2‘)
' T - 0000 9400 049 pana o0 Ga0 9,00
. TOTAL 102,638 49,18 TAIAL 1675,2 TATAL 1675, 2 151,34 48,78
b -
13 .
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- MAGOHBU 18 355 CLAT FRACTIGH, GOFTHITE Inpw
® 7 7 CcLAY FRACTINM 52,5 PER CENT OF FINE EARTH
;4 @_____MOLAR RELATI?«S OF_THE SESOUIOXINES |
5102/ (AL2034FE20Y) STU2/AL203
3 ... ... 1N TH1S FERACTUOM} L 1,754 ) 2,424
¢ €02, H20¢ A%0 H2Ne EXCILUDED FROI! MEQ TOTALS

wT. PERC OF;

23,95

N L TN SR

9,99
0,27
.27
.19
0,00

[UP & S

045
_R.27
* 0.00

Ce?4

Uell
0,04,

0e00

Jeun

JeQu

0-0‘)

Q1
L P

0.30

4079

D00

[N TN}

(LAY 2V
Y

0,60

Y

Nedy

fl.19

j ® _ _ compoe. e
ED SITION FRACTION FINE EARTH
9777 5102 33,08
Y o AL2DY 26473
3 FE203 15,98
g o CFED. . 0443
\ MHND» 043
e ... McO ve30
-Ql CAD 000
. NA2O . . 0.ub .
E K20 0,72
49 _ Haoe 13023
&8N H20=# 6600
I 1102 1,51
L3 P205 Vedd
3. e —___._ BAO® __ g,00
AN SRNe 0490
o —— - NIN» 0a00
i CR20# 0.00
b - . ZRO2# 0430
> @ co2 0420
A I eem———— e — = _Se .. QeV0 _
Caut
® (400
Vel
) 0,00
LA 0400
- mmee e R Qe QU
Vloj
L DU
U-'T‘O
® Q1AL 7,91
. - -
°o -
¥’
i, -
O - SR

BASIS FEu. UR

RU 16,9
cp LA
STR 9.6
VaRr 0,0
¥P 15.9
KS 2,0
“E 5.8
LR U9
CAL 4,)
Cs U0
P 22.3
F2 Je0
HZ 18,0
Fa [P
FS 273,
FA 9,0
c 4RD, 2
a 32¢,95
cn2 0,0
W2 724.3
12U [y
70
e,0
0,9
U,)
(S
1 ]
R
0,
TETAL 1i14,.2

P Tl Y T

COXIDES. MARKED WITH ASTERISK# NNT YSED Ik ~CRM CALCULATION

MOR'!

cp
STR
VAR
q

rU
GUET
cC
“8

SID

s I12/FE203
64350

n.o ’\'0
9,0 946
0,2 Q0,0
93,2 40,1
1E.9 17,9
135,13 195,3
0,2 Ja
0.0 1a?
[P 7y Q
[ U}
1.9 C’.\l
0,0 U,y 0
1744 2,0
14,9 Uy
7.0 Y,7
Ue Y]
SN Jely
A8h,9 £872.5
107.0 1n7,
D0 87,3
G T1.9
0,0 Ced
49 i} gt
,]._') n.o
A Fett
0,7 Jed)
W) D)
123,95 144,7
) o 2 Uetd

AL20A/F
2,

WI PERC N0F:

0,00

0.69 ..

0,00
2441
1451
17,38
0,00
J 400 .
U400
9,00
0,00
V400
0,00

0,00__

0,51
J,00
Celt0
56,28
6,09
5.29
4,44
0,00
0,00
0.00G
0,00

0.00 ...

V,00
2.68
J,00

97,44

0,00
0,56.

[T

1e51. .

Ue?4
10,84
0,00

0,00 .

0,00
.. 0,00
N0
0,00
2,00
0,00
0,32
0,00
0,00
35,17
3 4l

S 3,30

2,117
0,20
.00
0,00
[y

(1,00
1,67
0,00

60,70

0,30

£20)
620_ . .

FPACTION FISE EARTH NONeCLAY

0,00
.4.02
2,52
28,31
0.00

0400
.- U400
Va0

- . De040..

0,00

0,00
Lo 1e19

. 0400

——e Q0

.85

0,90 .

0,400
23,79
10,415

3.3

7.40

0,00

0,00

Ve00 .

V.99

0s00

4,46,

0,00

162,39

Ve Q0 .
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MAGOMBO 318 35% HDHaCLAY FRACTIUN, EPI [iNRY
' ;o s —— o ————— — et —— o — - - - - . .
MOLAR RELATIONS OF THE SESQUIOXIDES . _ .
. _ SIDZ/(ALZOJ*FEZUJ) © o Sl02/78L20) S5102/Fe 203
€  __IN THIS FRACTIONY _ 4,475 ] 1,234 19,120
IN TOTAL SO1L: - 2,498 3.AT4H 1,7K2

o c02, H204 AMND H20e EXCLUDPEN FRON “EQ TOTALS
¢ OXIDES MAKKED WITH ASTERISKe NQT USEP T MNRYW CALCULATION
o __CQMPOSITIOH SHOWS NEGATIVE COLTEMTS, THUSL HAVE RUKE ET TN ZFFO AFTYR,
CALCULATING RELATINNS AF 3ESQUIOXINES AND REFORE EPTNOPH CALCULATING,

[ 4
e _.__CoOMPO~ WP _PERC OFs_ . DASIS HEG, kR . QR “EQ, R YT PERC NFy
¢ SITION FRACTINN FTiiE EARTH FLACTIOH pINF EARTH
¢ \ s112 60,90 22,84 RU 19,2 cp 0,0 0,00 2,30
—— . AL203 . 12,94 | 4,85 cp . 0,0 STR 2,9 2,70 0,00
FE20) 15,90 5,96 STR 2,0 Y 7400 0,00
QA_i_.___._.__..,l-'l':(J _____ .=0,34. | =0,13 . VAR 0,0 ] 671,0 40433 15.12
;, MND e 1,39 0,52 ¥p 166 ,4 LR 19,2 1,54 0,58
A MG .03 .. "412..  KS. 0,9 A 139,1 15469 5,96
- CA0 429 241, NE 145.2 cc 0.0 P 9,00
S o NR20_ . _ 1450 4.56 . IS 0,9 uG8 0.2 2,0 0,00
N . . R20 2461 0,93 CAL 15,7 k3l 0,9 1,00 9,00
poom oo -—-—H204_ . 5.60 . 2,19 o 0,0 0,9 Den 2,00
© : H20=~# 0.00 0,00 SP 21,3 1S D, V1,08 0,00
e TIO2 ___ 1.54_.....0.,58 __ FOQ. 7.0 K3Y 0.9 2409 Q.00
- \ 9205 “N,22 =0,38 HZ 0,0 '3 39,4 22410 8,29
Y ... __.__.BAO®_ __ _ 0.00 _ 0,20 . A 0.0 AR 242,09 12,68 1.6
SRO+= V.00 0,00 FS 298 7 R n.o .00 9,C0
- _. .. lN1Ine 0.00 _ 0,02 z 9,0 You 0.9 2,00 2,00
: CR2C3s 0.09 N Q0 o 123.3 TREN 9,0 0,09 c.0n
et _._TRN2e__ 0.0 _ 000 . 9. 81,1 . ANT L 0,0 AP 2,00
: co? W00 C,00 col 0,0 FL OANT N, IR 4,00
L -1 0.00 _ a.00 H2+ 3,0 040 n,an 0,00
. 0,00 2,0y Hane- "0 Z0 20,7 1,17 9,45
e e e = - 000 9,00 o D,0 AT ned N 1,00
000 0.0 9,9 FE AT AN DR 7,00
R D9 20 - ] HWGO0T 32,8 173 0,67
0.00 N0 0,0 nT G0 G0 2,00
i _Q.c0 0,00 . "0 KANL 39,9 1.93 2,72
’ 0,00 0,00 24 €92 e, NN 9,00
. . 3¢20 . 0,09 0.0 R+ 231,2 st 1,56
0,00 IO D) (VIV} Eiiak] 0,0 N,00 U, 00
TOTAL 102,44 39,42 TRTAL 1603,9 TATAL 1603.0 19150 3e.10
'
i ——— e mn s — -— -
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i MAGQ4BO 1S 356 CLAY FRACTION, GOFRTHITE MORWM . .
® CLAY FRACTION 71,1 PER CENT OF FIHE EARTH °
e __MOLAR RELATIONS OF THE SES0UICXIDES _ ) P
SIn2/(AL203+FE20) 5102/a0L20) a1U2/¥E20) AL203/FE203 C
——— oo - IN THIS FRACTIO~: .. . 1719 2.316 54678 SL24B04 L e Y
® €02, H20+ AID H2Ne EXCLUDED FROY ¥ TOTALS
, . _'..QXIDES_MARKED WITH ASTERISK# NOT {SED IN MORM CALCULATION e e e — e
i L S COMPO=._.  WT PERC GF4. . BASIS 'Ea, NR . NOFM HMEn, LR HEJ, MR WT PERC OF:. . .. _'
: SITION FRACTION FIME EAnTH FRACTINN FINE EARTH NON«CLAY
: ® sIn2 37.16 26,42 R 16,5 cp 0,3 0,3 0,02 0,01 0,05
v e .- AL2U3 27423 ._19.36._. CP £,3 . 3TF . 9,1 L 9,1 0,85 0,60 ... 2,08_..
P FE20) 14,79 10,52 572 9.1 VAR n,0 0,0 J,.2°0 0,00 0,00
{ ® - _.__ _FEO._. G407 0,25 .. VAR . 0,9 q 73.4 40,3 2,42 1,72 5495
MNQe 0,40 1425 kP 31,6 pU 16,6 16,6 1,33 9,95 1,27
| g MGO . 0429 0.21 KS 0,9 GOET 1R0,7 140,7 16,05 11,41 - 39,48
{ CAN 0401 0401 NE 1,3 cc 0,0 0,0 0,00 0,00 0400
i e  NA20 . 0405 . __..0.04. _ S U,0 LGS Cou P 040U . )00 9400 .
i Y K20 0459 0442 CAL U, 510 0,9 0,0 Q00 9,00 000
1 @ __H2G+ _ 13,51 9,65 €5 v.0 . .0 0.0 .00 0,00 _ _0400
{ N H20w=s 2,60 0,00 e 21,6 MAUH 1,0 0,0 0.09 0,00 0400
i RN & {3} 1433 .M0,.95 Fo 0,0 KoH 0.0 Va0 0 0V 0,00, 0000 -
& P20S 0433 J.e23 Hz 2,9 TC 16,8 0e0 9,09 0,00 0400
L e BAQ® . _ 0,00 . 0.00. . EA IR 1M 2.3 (! 0,00 L0,0U L. U.20.
| ' SRD# €00 0,00 FS 271, AD Ve Ba1 C.47 0,30 te0d
® . w1oe 2400 . 0400 A 2,0 I 0 T 9,00 ULOU . 0,00 .
i CR2i11e Geu0 DDV < 50,6 GIRD 0.0 V49 .00 0400 020
i o o _ .. ..1R02e 400 0ei0 G S14.¢ KALL 993,1 949.9 60,69 43,15 149430
L4 co2 0400 9.00 €02 0,9 “5ulll el a1,7 4,99 3,55 12,27
— S S0e00 2,00 H2Ce T4, S G, .3 0 5.1t C 3,63 12457
= 0,09 Cove HH N N FEXY | a0 11,7 0,77 7,51 1478
® . UedY 2400 0o w2 o 8.0 9.00 0,00 0409
Qe 0V D ey 0.¢ B 2 Q0 [ I 0,00 0460
° L 2400 Q00 “0 SAF Ve V) L) 0,00 0490
0.00 Cebu 3,0 FE sSap 2,0 C.0 G0 0,00 0620
B a0V 0400 . CL.0 Ca0 €49 0400 0,00, . 040D
: 0,00 ne00 v,0 c02 2.0 D) 2.06 0,00 0400
® — e - - 0.00 0400 n,0 H20+ 13R,5 1%4,5 2,78 1,98 6094
ue0? Ge0y ! p3at n,G C.un 0.00 .60 0,00
® TUTAL as5,82 nR,13 TATAL 1381,0 TATAL 1361,6 1381,6 95,37 67,61  234.n8
EXCHNRGEADLE CATINUS, «T FEFC OF CLAY FRACTION FINF EARTH
® . . ’ 0,16 0,11
L
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MOLAR_RELATIONS OF THE SESAMIQXIPES
v _ ST/ (AL203I+FE2V3)
e —___. . IN THIS FRACTION:. 4,366
- IN TOTAL SOILg 24290
e _._C02,.#204 AND_H20- EXCLLDED FROM HEQ TNTALS

" NOMeCLAY FRACTION, " FPI HORM

SI02/51L20)
7,408
3,227

SIC2/FE20)
1N,632
7.882

T AL203/FE20)

PERC NF:
FTNE EARTH

Uoevh
0,900
n,0n
11,76
1,52
4,060
N4,00
0,00
0,00
G400
2,00
2,00
6¢{09
1,50
0,00
V00
3,00
0,00
0,00
1,00
0,00
0,00
0L.00
0,11
0,39
2432
0,0n
0,66
0,00

3n,50

t . OXIDES MARKED WITH ASTERISK® KOT USKED T NORHA CALCULATION
e COMPDSITIQM SHOWS_ MRGALIVE CONTSHTS, THESL HAVE BEEJ ET TO ZEPN AFTER,
t CALCULATING RELATIONS NF SFSQUICXIDES Al REFORE EPINORM CALCULATION,
¢ .. ... COMPOe.  _ WT PERC OF: _. BASIS PEQ, "R LORN vEQ, R 4T
) SITION FRACTION FIME EARTH FRACTINN
T 8102 3,74 18442 RU 22,1 cp 0,0 0,00
.. AL203_ __ 14,60 _.. 4,22 Cp 0,0 STR 0.9 7,00
. . FE2N) 15,93 4,59 STR 3,0 0.0 9,90
¢ — — - FEO. . 0.38 2,11 . VAR n,9 0 68R.3 41,40
' MNO# 171 0,459 AP 159,7 RUY 2247 1,81
..__;_.____‘._~..M.,GQ___._,_ _.0107 . —— 0002 .. . l\s. . - 0.0 . HM 199.5 15-02 .
T > _CAO *0.:05 0,01 ME 138,8 cC 0,9 4,00
e NA2Q . . 1443 0441 . .. NS, 2,0 1GS 0.0 0.00
. K20 2449 472 CAL 9.0 SID 0,9 Ne0
¢ . H20+ 5440 1.56 CSs. 0,9 0,0 Y20
\ H20=# V.00 0,09 sp 5,0 “EX 0.0 9.70
e LUTIN2. . _teBY 0,52 ____FD SR P+ . KSY . 0,0 2.0
~ P205S =0,43 ="y12 HZ 15,9 Ms 370,2 21.0h
.. . ._BAD=__ 0,00 . 0,00 . . Fa () AR 221 .4 12,12
SROw . 0.00 0400 FS 213.,3 Nk 0,0 V.00
Seee . . NIO®_ 0,00 0,00 z . 9.0 XOH 0,0 0,00
t N CR2013+ 0.00 0,00 C 173,23 TRE S 0,9 0,00
e TRD2% ____ 000 0,00 2 . 861,8 RAT 0,0 0400
: €02 0.00 Qa0 ca2 049 FE ANT 0,9 Uen0
C s 9,00 . _0.00 H2U+ 00,0 N0 0,00
0400 0,00 1120 ¢,0 720 0,9 0,00
. L _ e 00 0N 0,0 AT 0,0 2.0
~ 0,00 0,09 0,0 FE AT 0.0 3,00
IO . 0e00 . Gan0._ . o (! MG 0T qy7 2,37
. i 0,00 0,00 9,0 nT 21,2 1,34
0400 0,00 . 0,0 KA 135,09 2,71
0,00 0,N0 A cn2 0,0 0,26
- . m=rzn 0400 0,990 . a0 H204 172,6 .11
? “7 0400 0,00 0, 420 .0 2400
» TOTAL 107,09 30,95 TOTAL 1675,5 TOTAL 1675.5 105 R4
m - - - - —_— — -
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" CLAY FRACTIOM,

% MAGOMBO 1S 359 GOETHITE NORY
§ L CLAY FRACTION 63,1 PER CENT OF FIliE EARTH
oeoe_ .. MOLAR_RELATINHS OF. THE SESQUIOXIDES
SIN2/(AL20I+FEINY) SIn2/aL26)
oo vee — IN_THIS FRACTIOiL. 1,362 . 2.545
€02, H20+ AND K20« EXCLUDED FROM FEQ TOTALS
e ... DXIDES_BAPKED WITH ASTERISKe NOT USED Ii NGRY CALCHLATION
—_———. .COMPOa_ WT.PERC OF: . . Basls  dEQ, MR 1ORM
SITIOH FRACTINY FIfF CARTH
hd $102 39,08 24,66 R 19,3 p
e AL203 __ 26496 ___ 164,44 .. CP  _._. 0,3 SIR
FE20) 14,98 3.45 STR 7,3 VAR
e FEQ _ .. .._Qet2 0,08 VAR g,0 a
“NO e 1,45 0,28 kP 49,0 RU
e L_.NGO 0432 Ce20 . KS U,0 GneT
@ CAD 0401 0401 L, 4,3 c
N\ oo MA20._ . 0405 0403 ¥§ 0,0 “GS
‘ K20 0,17 0,49 CAL 0,9 s1D
.. . H204_.  _ 13415 _ Be30 Cs. 2.0
H20 = 000 Y00 3P 23,19 TADH
s . TINZ2 .. . 1e54 . 0,97 Fn Qo KOH
: P20S PRL 0.21 HZ 5.0 1C
e ___BAO® ____. 3,00._. 9,00 Ea . S99 N
SRO# 0«00 .00 Fs 274,14 AB
—_ NIO» S04U0 0.0y Z v,a [S] N
CR2U3# Va0 PR N 474,90 GIdb
i ZRN2% . _ 0.00 0400 Q 541,90 YAQL
C02 0,00 0.0 cn2 n.) 1SeILL
e e Se ____ _u.02 V60U .. 420+ 120,6 . Mg
" 0,00 UV H20e 0,0 Ty
e L J+00 Gen 0 i,y ¥y
t 090 Je 09 9,0 HGMM 2
- 9400 0,00 . ) 5AP
e 0420 0,00 0,0 FE SAF
R PR o1 ¢ [V . 0,0
(tyuf 0,00 c,0 cn2
I V00 Qa0 [S)) H204
a0V nyne /) 0=
TOTAL 96.87 olel2 TOTAL 1401,9 TOTAL
EXCHANGEARRLE CATIUNS, T PFRC 0F
’J'; e ee—— - - It

T ’
. . o e e
- - - e e e+ et o e e - .
. S S °
. S U ®
S102/FE203 ALZ2N3I/FE203 )
6,934 24725 . e °
“EQ, YR HEQ, HR WT PZRC uF: . . .
FRACTION FI'F EARIH NONeCLAY -
0.3 0.3 0,02 n,01 0,03 L J
9.3 9.3 0,87 3,55 1089 oo e _—
0,0 0,0 0,00 0,90 0,00
126 .4 84,0 5.29 . 3,34 9404 o . B
19,3 19,3 1,54 0,77 2463
182.9 182,9 16,25 10,25 27.78 _ _ S
0.0 0,0 0,00 0,00 0,00 o
0,0 2,0 Vel . 2,00 0000 oo o e e e
040 (V] 0,0N 0,00 0,00
0.0 2.0 Q0,00 Ge0U _ 0900 — e @
1,6 2,0 9400 7,00 Ueu0
2,0 0,0 2,00 0,00 0.00. . e et e e e
1;-5 140 [V ] ().OO o-')O .
3,9 2.9 0,00 .. 0,00 .....0000 e — 0 S
Q.0 3,1 Ued?2 u,27 Vel2 -
0,0 0.9 L0400 9,00 0,00 - ) e i, @
(Ut Ue0 0,00 n,00 0.00
924,3 5634 55,69 35,14 .925.23 e e e
114,4 114,4 6,51 1,11 114123 ) ®
2.0 95,3 5,68 3.56. .. 9464 ., o o o e
2,0 20,0 1,24 0,78 2,12
"0 Co0 GeGU 9.9v 3430 e . .
0,0 0,0 0,00 0,00 0400
2.0 .0 0,00 0,00 9.00 L - I
0,0 0,0 (U] 0,99 1400 e
0,0 2e0 . Ue00 0,06 0000 o .
0,0 0,0 0,00 0,0 D00
143,4 161,9 _ 2,91 1,31 4.98 o o
2.0 0,0 3,00 n,00 0420
CH491.0 1491,0 95,38 67,81 164,81 o o e
CLAY FRACTION FIoF EARTH s T T
C,.24 7418 J— e T R [
[20]
_ _ — IR
1 ®
——— . @
P LR S - - .. rom e
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- T TKAGOMBO 18 388 . NOWeCLAY FRACTION, EP1 HORM
P e e e e
— MOLAR RELATIONS_OF THE. SESQUIQXIDES . .
? ’ SIN2/7(AL203+FF 201} SIN2/7A1,27)
—— IN. THIS FRACTIONL __ . 54207 f,R49
1IN TOTAL 601L: 2,756 31,978

.._.€02,_H204 AND H20= EXCLUDED FRO. JIEQ TOTALS
OXIDES MARKED WITH ASTERISKs 0T USER IN PR CALCULATION

| 2

g__;__,.__.___.COWPO-"_ _WT_PERC_OQFg._. . . BASIS HEQ, %R HORM
SITION FRACTION FINE EaRTH
) [ J VS - e R
° 5102 68,20 25,17 R1t 18,6 cp
— e AL203 __ _ 13,09 . 4.83 ce . 2,0 STR
: FE20) 14,3 5,29 STR C,0
t——L——-“_"”IEQ“— .. 0418 04,05 ... . VAR 9.0 Q
R MNO® 1464 061 Kp 193,38 RU
o MGO__ . . _0409.....0,03 . KS_ _._ . 900 _ HH
v CAD 0,02 0,01 N, 191,1 ce
e NA2Q__ __1.97 0,713 .18 G,0 MGS
* X20 3.04 1,12 CAL 2,9 s1D
e e H20¢ 223039 O le25.. Cs . 9.9 .
, H20=e 000 009 sP 6.4 HSX
—x TIO2 . . .._ 149 . _.0,85.. _F0_ . 72 K§X
v P205 0,31 L IRR HZ 6,1 "s
. BAN® 0400 000 . FA 2,0 AR
SRO® N.N0 0,09 FSs 269,2 "R
— e NIOs 0,00 00y 7 . 0,9 <nn
e CR2014 0400 0400 c 119,97 FRE?
. __ROQ2% 0,00 _ _0g00_ Q. .. 917,90 AbT
' con2 0.00 0,00 cn2 0.0 FE ANT
t__ W . 8e __ 300 0,00 __ _ H20s 188,44
0.00 0,00 0= 0,9 7.0
- e 0,00 ___..0,00 0,0 AT
t 0,00 0,00 0,9 FE A
. _— ._0e00__ 0,00 .. _ C,9 "G 2T
0,00 9,00 a0 61
1 e ___0,00_ 0,00 3 0,0 KA
0,00 0,00 0,0 cn2
] - 0,00 0,10 - 0.9 H204
¢ . 0400 0,00 "0 H2n=
v TOTAL 107.08 39,59 TOTAL 1722,2 ~9TAIL
’ - —— - ——
‘ 3

P L Ah L RO

STR2/FE?N]
12050

e COMPOSITINN _SHOWS HEGATIVE CODTENTS, THESE HAVE REE: ET T0 2ERD ATTRE,
CALCULATING RELATIGHS OF SESGQUIONXIDES ALDL RaFORE ENIYVURM CALCULATION,

MEQ, NP Wt
FRACTINN

0,0 0.1
0,0 0,0Q
0.9 N N0
747,4 14,22
18,6 - 1,49
179,5 14,32
0,0 A
0,0 PR
C.n D0
2,0 Ny
0,0 ®,00
0,0 000
4409 ,8 25,54
318,5 1R,69
2.5 N,
0,0 N0
0.9 WY,
1.6 Ue20
3.4 N,?5
¢,0 Dt t)
a0 GelHhy
0,9 [N AN]
Y 1. 0v
0,0 0,0y
0,0 1,00
c,0 ToC0
o,n T, 00
121,95 2.12
0.9 Q.00
1722.2 {08,713

ERR e

AL213/FE203

1.430
2,260

PFEFC NF3
FINE FARTH

7,00
0400
0,90
16457
0,55
5.28 —
0,00
0,00
N,00
0,00 I,
0,N0
000
.42
.16
005
[AIPRe}
0,00
0,07
0,009
0,09
0,00
0400
0,00
n,0nn
2,9¢C
0N
1,00
DR "
N,00

19.01

[
i
1
|
|
t
1
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CLAY FRACTION 50,3 PER CFNT GF FINF EARTH

g ® - MOLAR_RELATIONS OF THE SESQUINXIGES
2 S 5102/(AL203+FE201) 5102/AL20)
= e eem e . . . IN THIS FRACTION; . 2:120 2,747
N e €02y H20+ AND H20~ EXCLUDER FROM I'FQ TOTALS
B . DXIDES MARKED MITH ASTERIGK# MQT UYSED IN JQR CALCULATION
e COMPO= _  yT_FERC UFi__ BASIS  1iEG, KR, P, HEQ, IR
. SITINN FRACTION FINE EARTH
B L : 5102 42,67 21,72 RII 15,5 cp ¢, 3
& _— . ..AL203 . . _ 26,36 13,42 ... CP. . 2,3 STR 10,2
FE203 12,20 6421 STR 10,2 VAR 0,0
o B FEO . _. _ 0,34 S 0417 VAR 0,0 n 174,2
MNO# 0e33 0,17 Kp 12,1 Ry 15,5
—_———. _. MgN . 0438 0,19 £S 0,2 GOET 147.7
. @ CAD 0401 n,01 NE, 13,6 cc N
—— e NA2Q._ . _ 0 14.._. 0.37... . Ms. 27,0. . .MGS. L n,n
K2n 067 0,34 CAL 0,0 SID DLG
e —.. H20%. . ... 12,99 6461 - 2. ) "0
H20~# Ga00 D¢y K14 28,3 TANH 4,5
e TIN2 —1e24 .. _0.BI. F2 . 0,2 KoH . og,0
P20S 037 N, 19 HZ 14,2 TC 22,0
- BAD® _. . _0.00_ ._._ 0,00 . Fa . n,a MM L 11,0
SRNe 000 0409 Fs 221,5 AR Gy
e __NID®s .00 . 9,00, . Z 0,0 OR 0,0
CR203# 0400 0,00 < 47C.0 GIBB 140
. ZRN2+ 0400 2,00 Q 617,6 KAOL 944,19
€02 0400 0,00 €02 9,0 L3mILL 99,6
__Se _ L0600 _ .. 0,00 .. H20+ AU Hi g 0,0
0.00 0,00 120 0,0 Fer™ g Dol
000 0,00 0,0 o2 0,0
Vo0 [V IR TV (A MGEY 2 )
- .. . 04060 n00 . U0 3AP 0.9
0,00 0,0 ) FY SAP n,A
P ._____-.OIOQ._ - OQO'J C'.'J ”.0
0,00 1,09 c,0 cu? C,0
- - 09\)0 . . D00 ')-') H2M¢ 13"-7
G400 0,00 0,2 20 [}
TOTAL 97,70 49,73 TOTAL 1433,3 TOTAL 1433,8
‘A__,____ - — ot —— —— -
o e T R L T D TSRS WIS USRI T T e L wo e

‘ A o
A
|
S102/FE203 AL203/FE203
9,296 3,384 e
'EQ, ¥R wT PERC OF1 ... . R S
FRACTION FINE FARTH NON=CLAY

0,3 0,02 0,01 0,02 !

10.2 0,95 - 0448 ... 0439 . oo —
0,0 0,00 0,00 0400

113,13 6,81 3,47 Te06 o o ot
15,5 1,24 0,63 1429 :

147,7 13,12 6,63 13,60 . e e e
0,0 0,00 0,00 0400 \
0,0 0,00 0,00 .. .0,00. . _

V.0 0,00 0,00 0400
0.0 0,00 0,00 0400 o A
0.0 ¢,00 1,00 0400
0oy 0,00 0,00 0000 o .
7,0 0,00 0,00 090 L]
) 0,00 ... 0,00.—  0400. . - -

22,6 .18 0,60 121
040 0,00 0,00 04.00. e — _q
0,0 , 0,00 0,10 0400

B54,P 55,13 28,00 57,15 e
39,6 5,67 2.98 5,87 4

1131 6,70 3,11 T S
56,8 3,51 1,79 3,64
nL,0 0.00 0.00. 0400 e . d
0,40 U,00 0,00 [

0.0 0.00 0.00 0470 e

0,9 0,00 0,00 9,00 4
0.0 0.00 0,00, .- 0400 e

Uy 0,09 0.0 1,00 .

187,1 3,01 1,53 3,12 . . e |
0,0 0,06 7,90 2,00

1433,8 97,33 49,54 190,30 e

- AR N
[00]
{a)]
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) o o o
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~ - teblenn _appendie . R,
} L] S S . . . . o B
MAGOMBO 1§ 3597 KCNeCLAY FRACTIOM, EPI MURN ‘
@ e e e e - .
MQLAR_RELATIONS OF TUF SESOUIOXIDES. . . . ) R . i,
51027/(AL2U3+FE203) 5102/AL20) 3102/FR203 AL2N3/FE203
€  __IN THIS FRACTIONY L3214 , 4611 11,289 2,448
IN TOTAL 501IL: 2,636 3,542 1,306 2,910 ‘
— oo C02¢_H2C+ AnD _H20e EXCLUNED TROM MEQ TNTALS
L g OXIDES MARKED WITH ASTERISK® JIOT USED 1il “ORM CALCULATION
o CO"POSITION SHOWS “EGATIVE COLTENTS, THESE IAVE Befu ET TG 2EPN AFTER, , o e
¢ CALCULATING RELATIONS NF SESGUIOXIDES AMP RBEFORE SPINCRH CALCULATION,
‘. COoMPNe  _ WT PERC OF( _ BASIS "FQ, ¥R IORY MEQ, LR *T PERC GF}
e SITICH FRACTION FINE FARTH FRACTION FIrE EARTH
i s102 55,20 27,10 RY 10,7 rp 0.0 0,10 0,06
€. aL203.. 20,31 . 9,917 P, .9 STR 0,0 0,00 0,00 L
_ FE203 12,99 6,189 STR 0.9 0,0 o0 0,00
—— . FEO . _ 0426 0,13 _ VAR V,2 n 470,72 2R ,74 14,11 L e
ST MNO 0,93 0.48 KP a4, Al 10,7 0,85 0.42 .
_ MGO _ 0,38 _ 9,19 .. _KS 7,0 e 162,7 12,39 €,38 i
cao 0493 0,45 HE R2,4 cc 0.0 2,00 0,00
€ ___NA20 . ___ 0.95.._ 0.42 @5 - 5.0 4GS n.0 000 0,09 , .
y T kan 1,48 0,13 CAL 47,5 310 0.0 Yo .00
e ___H204. 9,20 4,52 cs 0,9 40 RIT 0490 . e
H2N=» 0,00 0,00 SP 28,13 HSX 0,0 NIRID] 0.00
e TIO2__ ___ 0,85 _ 0,42 _ Fn 279 K5% 0,9 Ny09 0,99 _ . L
N 205 <0.24% 0,12 hz 10,9 "o 220.6 12,55 .16
€ ° - Bane._ 0,00 0,00 FA v, AS 137.6 7.21 1,54 ‘ o
SRO# 0400 DeN9 FS 244, IR 0,0 S 0,00
e __._ . NjO® 0,00 0,00 2 . 9,9 X0 2.0 ny00 SIE)
¢ CR2D1» 0.00 0.00 o 260,13 TREM 2,0 VN0 00
e ___ZRO2% __2g00 ___ 0.n0 Q. . 718,2 A 0.0 P n,00 . i L e
: €02 0,00 0400 co2 "0 FE AT 9.0 9,09 0,00
€ S 0,00 0490 HIC+ 510,3 0.9 Gas) 0,00 _ L
; 0400 0,00 Haitm U9 20 P 1,75 1,74
L 0,00 0400 o o AL D0 00 0,60 o L
¢ 0¢00 0,00 0,9 FE AT 0,0 2.00 0,00
e qQe00 0,90, . u,0 uG o1 37,7 2.0k 1a02
0400 0490 5.0 Ay 14,4 .91 0,45
€ L get0. 0000 yo KACL 151,90 21,29 14,28 - o
0400 0400 0.0 co? 9.0 DT 6.00 .
L ge00 0,00 ) ¢,0 20+ 236,6 4.26 2.00 - N
¢ ‘ 0400 9.00 0,0 - M0 0.0 0,00 0,00 . 9
- T07TAL ™ 103,20 50,67 To1AL 1579,9 TaTAL 1579.0 102,43 50,29 » ‘
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MAGOMBO 18 360 CLAY FRACTIUN, GOETHITE MOF™ o '
¢ CLAY FRACTION 42,8 FER CENT OF FINE EARTH ®
¢ ____MOLAR_RELATIONS OF THE SESQUINZIDES . _ e e D
$102/(AL2CI4FE203) S102/AL203 SIN2/FE203 KL203/FE203 _
_____ _IN THIS FRACTIONY 2,446 3,382 8,846 2.616 . . e e e e e
L €02, H204 AnD H20« EXCLUDED FROM NFG TUTALS ®
e _.._ OXIDES_MAFXED WITH ASTERISK® MOT USLD I MORF CALCYULATIOQN o e N
€ _CUMPOs _ 4T PERC.UF1 __BASIS  HEQ, MR . MR . MEQ, #B VEW, YR KT PERC. OF8 - o oo o - I
SITION FRACTIOH FINE EARTH FRACTION FINE EARIH NON=CLAY A
¢ $102 44,50 19,05 U 12.4 cp 0,5 0,6 0,04 0,02 9,03
' e AL203 22,33 9.56. o . L6 STR 1.1 11,1 1,03 0,44 _ . D17 . ... :
FE203 13,37 5.72 STHR 11,1 VAP n,0 0,0 0,00 0,00 0,00
€ . FEO L0407 0403 VAR 0.0 2 279,5  197,8 11,89 . 5,09 _ 8,90 . __ e @
upne 2456 0,24 FE 73,9 RU 12,4 12.4 0,99 0,42 0474 ;
.. MG 066 . . U428 K3 Q.0 GUET 161,79 161,9 14,38 . 6,15 . 10476... . T i e - _—
cAn 002 0,01 HE 27,1 cc 0,0 0,0 0,00 0,00 V00 »
e . NA20Q . _ 0428 . _0,12 . _._N§ 9,9 ;s - n,n U,0 0,00, . 0,00 _. . 0400 .. -
K20 1elb 0,50 CAL ¢l sin 0,0 0.n 0,00 0,00 0400
@ M0 11,00 .. 4,7 s . 0. _ 0.9 0,0 0.00 . 0,00 . . 0e00  _ . @
H20-9 0e00 0400 5P 49,1 naDp 7,0 G0 V.00 n,00 0,00
e TI02 0099 0,42 . 0 0.¢ KO e Qen 0,00 0.0C . 0,00 _ S
L P208% .41 018 g 2.9 TC 38,2 2.0 0,00 0.0C 0400 ®
Newee . __..BAD® 0,00 __.0400. . _FA e Q,0 B 2.3 Je0 0,00 GeUl_ .. _ De0U e —
SRO# 0400 040G FS 242.9 AB c,0 45,2 7 2,37 .01 177
€ . NIne 0460 0,00 z 6.0 R e 9,0 0,00 . . 0,00 0e00 .
CR203e 0,00 0,90 ¢ 3697 a1na 0.0 0o 0,00 a,00 0400
e e ZRN2¢ Q.U AP T w 620,90 KAi2L 723, 65,1 33,09 16,71 29,25 . e e e e e
¢ €02 Dabi0 0,00 co2 0,0 vsa1lL 172,4 172,4 9,R1 4,20 7,34 »
e ..SR 0,00 . 0400 ... H20s 599,58, ™ol - 0,9 196,5 11,63 .. 4,98 . _ 9,70 . o . - - S
V00 8,00 i20- 0,0 FERY | 0.0 11,7 0,72 0.31 0e54
¢ _ _ 0400 . . v,A0 0,0 g .0 0,9 0,00 0,00 c.00 . e @
0,0 0,09 2,0 MG 2 C,.0 V40 U,00 6,00 (400
. 0609 2,04 9.0 SAP 2,0 049 0,00 9,00 0,00 ~ e
o 0,00 D e0n 0,0 FE SAp 0,0 D 0,00 0,00 fe00 ®
e e i e —. 0409 . 040G - VR 0,2 040 _0400 . 0,00 . Vel L e e e e e
Q0N 000 2.0 €2 e,0 0,0 0,00 n,0v 0,00
¢ 0400 0406 0.9 H2D4 13,7 156,32 2.81 1,29 Z.10 R e ... @
GeUv 0,00 2,0 H2Ge 0,0 0,0 0.00 0. U0 9400
. TOTAL™™ 15,35 QO.?\ TCTAL 1415,5 TOTAL 13)15,6 1415,6 94,76 40,56 T70.91 .
° b e
]
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THAGOMBO 1S 360  NON<CLAY FRACTYON,

EPL1 NORM

@i s+ e
MOLAR_RELATIONS OF THE. SESQUTOXIDES . o

: SIN2/(AL2C3I+FE203) SIN2/AL2C3

@  __IN_THIS FRACTIONL. a,111 5,044
e IN TOTAL S01lL 3.30) 4,fP7

C02, H20+ AND F20e EXCLULED FROM MEQ TOTALS
OXIDES MAPKED WITH ASTERISK# NOT USED TN NCRA CALCULATIOM

SIC2/FE223

13,132
Jte1Rd

— . CQMENSITIOY _SHOWS FEGATIVE COUTENTS, THLSE NAVE BUES FT TU ZERC AFTER,
CALCULATING RELATIONS OF SESOUIQXIDES RND REFURE EPIVORM CPLCULRTINY,

- __COMPQe_. _ 4T PERC QF3_. .__ BASIS “EQ,. KF NORY
e " SITION FRACTION FINE FARIH
¢ 5102 50,33 33,90 RU 7.1 cP
— e~ AL20). . 16.82. . 9462 Ccp.: 0,4 QIR
FE203 12,01 6,87 STR 2.0
.-______.__EEO- B 0038 ._0.22. . VAR 9,0 0
HHO* 0482 0,47 KP 2019 RU
R MGO . 0482 Q.47 KS. - C g HE
} cAD 0,95 0.54 ME 176,06 cc
.-_.__.A__._.N.AZQ,_ - —— 1!82 —- _1-04 I8 0.’) I‘GS
K20 3,17 1,614 CAL 5900 SID
f*_“_"—'——ﬂ20+"—“ 6.89. ___ 3,94 _ CS _ V.0
. H20w% 0.00 0,00 Se 50,8 HSX
— TI02 . 0.57._ __%.33 FOoL 0 000 vSX
: p205 =024 Gy 14 HZ 16,1 ug
@  __BRC® 0,00 _ . C.00  FA 9.0 S
SRO» 0400 N,00 Fs 225.6 (k]
e e . NIOS 0200__ 0,00 . 2 .90 L
¢ CR203s 0400 2400 c 119,90 TaE
e . lROZ2e __ 000 0400 . A 736,2 AnT
b. co2 Uev0 N,00 cn2 0, Fi, AKT
e .. S 0.00 0,0¢. H20e 382,5
0400 0.00 HoNe 0,0 70
LSRR UF 3/ 1V I § I X ¢/ . (U] AT
¢ 0400 0.00 0.0 FE AT
e e QN0 0,00 R GOGT
¢ 000 0,00 0.9 nT
- - e ... 0200 0,00 . o D} RADL
D400 N.00 ¢,) cn?
.- [ . 0400 . 0,00 , U, H204
® ) 0.00 0400 a0 “)0-
P TOTAL-- 103,34 59,11 TOTAL, 16434 TOTAL

rEQ, LR wT

FRACTINN

0,0 a0
0.0 7400
C,0 00
567.,0 31,78
T 0,57
150,.4 12,00
C,0 AU
n,0 0,00
040 N0
0,0 n,oe
0,0 Nl
N,0 4,00
i71.2 n, Ry
203,14 18,37
11,0 .00
0,0 n,00
(L Jedd
n,0 VPR
0,0 AN R
0,0 Cgif
87.5 1,613
18,0 1,0
7,0 e N0
52.3 2478
21,4 ‘elS
0,0 n,oe
0,0 e 00
285,4 Seld
0,0 0 e
1643,1% 107,74

FFRC OF:
FINE EARTH

0,00
0400
Q0N
19,32
0,33
64Fb
0,00
0.00
Q.00
C,0u
N0
000
15,134
8.79
0,00
‘0,00
Q.00
2,00
G,00
2,00
2019
V57
0'00
. 1.65
T DT
0’00
J.00
2,94
0400

80,77

~

AL2N3/FE203
2,195
2,386
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MAGOMBO 1S 361 CLAY FRACTICN, CUETHITE 40ORM
CLAY FRACTION 29,3 PRR CENT OF FINE FARTH
©.__ . - . .._.MOLAR.RELATJONS OF. THE sasaumxmcs _ . ' . . - S A ] e @
SIN2/(AL203I+FE203) SIN2/AL203 S102/FE203 AL2N3/FF203 A
e —. .. .IN THIS.ERACTIDHL. _ .~ . 34520 ) 4,915 12,404 24528 L e e
¢ CN2, H204 ArD H20« EXCLUDER FRGH :EQ TOTALS ] o 9
— oo .. RXIDES MARKED WITH ASTERISK® HOT USED IN NCRHM CALCULATION ) - S - PV ; 2
€ _COMPDe. _...W1 PERC.OF1.__. . BASIS . MNE@, NR . ORI nkg, PR MEy, MR WT PERC OF1 e e e ] i
. SITION FRACTING FIHE EARTH FRACTION FUlik EARTH hm'-CLAY &
o 5172 52,97 15,52 Ry 11,3 cr 2.1 2.1 0,13 0,04 0,05 - £
—_ e AL203¥ ... 18429 _ .. . 5,36 CP..... 2.1 STR €42 6,42 0458 ... 0,17 . 0,24, L _— :
’ . FE203 11435 3.23 STR 6,2 VAR 9,9 0,0 00 3,00 2,00 - i g
® . __FED . 0405 . 0401 VAR . . 0,0 Q 56,3 417,2 25,07 7,35 . 10439 . R : ———— O
MhOe 017 G405 Le 78,3 RU 11,2 S 11,3 0,90 n.26 0e37 . g
c*i-“‘" e = MGO 0447 . fiy14 KS 6,0 GOET 139,0 139,0 12.35 3.62 Sel2. - - e e o B
\ CAQ 0e07 402 liE £5,8 cc 0.0 40 0,00 0,00 0e0D : ™
. NA2Q. ..._...0Q.o8. . .U.20 - LS 0,2 HGS .0 2,0 0,00 - 0,00 0000, « oo e %
K20 1.23 v, 16 CAL 0.0 sip 0,0 940 U, N0 0,79 0,400 _ €
® . ... H20% 9446 2.71 . . Cs . o0 a.o a0 0,00 . 9.0 - —. 0,00 . S
H20=# 0400 Ye00 5P 35,9 MATH 21.9 .0 0,00 5400 0,00 ~ i
mm e TIN2 0,92 2.26 Fo 2,0 KOH 40 0.0 0.00 0,00 - Qed0 oo o o e e s 3
¢ £205 0429 9.08 L7 2,1 TC 27,2 Ue0 0,09 0,00 0400 » -
N BAG® 0400 . 002 Fa 0,0 MIH 1.6 Ge0 . 3,0¢ 0,00 000 e e - - 3
¢ SRN 0400 04U Fs 208 .5 a8 9.0 109, 5,75 Y 2,39 : 5
e .. NIO® 0aun AT z 0,9 nR 9,0 U,0 P00 L 0,00 .. 0,00 . ¢
CR2N3® 04,00 0Ny C 296,90 GIRR £.0 040 0.00 a,0Q 9407 R
e e IR0O2e 0400 V400 9 764.9 KANL S60,8 542,8 28,56 8,37 . t1l.84. O ¢
¢ co2 900 2.0y €n2 0.9 #SoILL 182,8 182,38 10,40 3,05 4431 d
S 0400 L ULy H20+ . 518.3 R S 0,9 139,9 - 83,28 2,43 - 3,43 _ . — e e e ’
0,090 2,00 H2M e 0,0 FE 0,0 .4 0,52 0,15 De21 ’
€ . e T . 0.00. VeV .. 0.0 baio2 0,0 0,0 0,00 0,00 . 0400 . — U
: 000 D0 (LY MGM 2 0.9 Vel 0,00 0,00 D0 .
¢ . — - Je Y "a 0L 9,0 SAP .0 Dol 0,00 0,00 . Ne20 C e e e e e o 2
' SNV 0,00 0,0 FE sap 0,9 4,0 0,00 7,00 9409 =
S PO ¥ I 11 B | I 1 B . C.0 . S0,0. 0,9 0,00 Q04U - o0 De00 . o —————— e
. 24,00 J400 Y co? 2,0 0,0 9.9 0,00 0490 '
¢ . T 0vng, 0.0 H20+ 123,6 177, 3.19 0,93 1.32 o .
e N0V 0,0 H20e ¢ 0,0 0,00 1,00 0400 _
[ TOTAL--~ 95,92 20,19 TCTAL 1459, 4 TOTAL 1459,4  1459,4 95,73 28,05 39,67 »
._.— - -
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MAGOMBO 18 361
e
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" NOMaCLAY FRACTION,

— - MOLAR RELATIONS OF THE SESQUIOXIDES _ _ ..

IN TOTAL SOIls

——— IN THIS FRACTION: .

5102/7(AL203+FE203)
5,631
4,916

e €02,  H204 .AND H20~- EXCLUDED FROY HEQ TOTALS

OXIDES MARKED WITH ASTERISKe KOT USED IH NOR“.CkLCULATICN
e COMPOSIKTION. SHOWS. HEGATIVE. CONTENTS,.  THESE HAVE BEEYN ET TQ ZERQ AFTER,

" Ept

3102/

HORM

AL203
7.369
6,571

CALCULATING RELATIONS OF SESOUIOXIDES AKD BEFORE ZPINORN CALCULATING,

... COMPO= .. _4T PERC OF: . _. _. .BASIS . JEG, “R
SITION FRACTING FINE FARTH

\ 5102 63,30 42,29 P 6,3

— e AL20) 15.73 ____ 11,12 . cp 0.3

. FE20) 7,59 9,36 STR 0,0

— EED._-_ .0035-_ R ‘7-25 VAR 0.0

. MNO# 0,10 0,07 KD 157.6

—_N— MGO.____ _ 0.46. . _.0,32_. . Ks. U,0

) cao 1,02 0,72 *{E 221,9

e NA20.. . 2,29 1462 . WS 2,0

N K20 247 1475 CAL 54,4

e M2Qe . 5,17, 4.08 cs 0,

: H20=4 0,00 Ne0D sP 33,9

e TIO02  0.8%.......0.32 . FO. 0,0

" pP205 0,07 -3,05 1z 14,5

e .___ BAQw D] 2,90 _FA 2.0

SRO# 0,00 0,00 FS 142,53

e JNIO® 0eC0 L L 9400 Z Ve

CR2013e 0.0 0,00 o 113,53

e _IRNQ2® 0400 . 7430 . 0 . 62,7

: €02 0400 04,00 coe2 (L

e 8% QD 0,0Q H224 329,2

‘ 0400 0,00 E20w 0.0

_ B 0,00 OO0 .0

0,00 o,00 2.9

e e e 2. DGO__ 0,00 - 2.0

0.00 Ce00 0,9

— .- e ——— — . _0'00 - 0100 0-")

g.00 0,09 0,0

- — - - - OOQO l.'n'ﬁ() ﬂ'{)

de00 Q00 n,n

TOTAL 04,55 73,92 TPTAIL 1708 .9

NORE

e

STR

Q
RY
B
cc
43

sID

HSY
KSX
I_S
Al
.-’1.,:.
v
TRE!
AT

FEOANT

0

AT

FE AT
Wy 0T
nr
KADL
[alay
4204
“di'le

TOTAL

.. - - 3 fes L PrIC
P .

5102/FE203

21,925

12,516
HFOQ, MR %“T PERC NF1t

FRACTINN FINE ZARTH

0,0 0,00 C,N0
0.0 0400 0,C0
nlo Olno 0.00
£96,4 41485 29,59
6,8 N,y53 0439
95,0 7.58 5436
0,0 Q.00 0,00
0,90 . 0,00 n,C0
0.0 (LY 0,00
Ve tenQ 0,00
3.0 iy 00 0470
n,0 n.0C 0.60
367,13 20,93 14,79
359,9 19,3R 13.7¢
2,0 0,00 Q.C0
0,0 e G G,00
[ (2,00 0,00
5,0 D] G400
0,0 DI I c,on
0,0 A 0 0,00
72.6 4412 2.91
a,0 D, 00 U, 0D
0,0 el 0,00
45,2 2.43 1e76
19.3 1,722 N, k6
34,9 2475 1.59
a,n a0 0,00
229,5 4,13 2,92
0,0 N0 9,00
170R,0 104,51 73,89

AL2N3/FE203
3,247
2,970

L
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TTNAGOMBU 1S 362 NOMeCLAY FRACTIUN, EPL NOPM

€ - T T
‘i . ._ POLAR _RELATIONS. QF. THE SESQUIGXIDES. S e SOST
i, _ $102/(AL203+FE203) $102/aL203 . 5102/FE203 AL203/FE203 PR T -
€ In THIS FRACTINN: . 8,294 . . 6,835 23,181 30436 o i
_ C02, H20+ AND H20= EXCLUDED FROH 4EQ TOTALS T '
OXICES NARKED. ®ITH ASTERISK® NOT USED 1N NORH CALCULATION S e e

———— .. COMPQe . _wI _PEPC DOFs._.. . .. BEASIS . MEQ, NR . NORH . HEQ, LR ~.  WT PERC OF1 . . . . R . ——
SITION FRACTION FInE EARTH ' FRACTION FIME EARTH

5102 65,73 Ca0v RU 7,9 cp .7 0,04 0,04
et e - AL203Y 16,32, .. 0,00 .. Cp . _ 0,7 STR . 0,0 040U 0.06 . .. R e e e e
L FE203 7,44 0,0u sTR 0,0 00 0400 0,00 : T
e CEEOC 047 0,00 .- VAR 0,0 e I 687242 40,40 40,40.... .. . TR _
MuDe 0,10 V.00 KP 132,5 14 7,9 0463 063 s .
€ .. MGD __ . 0.49 . 0,0y . KS . 0,0 A 23,2 7.44 . 7,44 L S A
: CAQ 0,67 0,00 ig cc 0,0 0,00 0,00 R , .
2\ g — . _NA20 _ . 1,80 . 0,0u K8 MGS 0,0 0,09 0.00 e e s
4 © K27 2408 0400 CAL 510 9,0 V00 0,00 S .
b, _— H20+ _ _6a77 ... 0430 CS. .. - - 2060 L L0400 L 0,00 L. L _
- N . . H20~-# 0.00 . 0,00 sP - MN8X 040 U,e00 (VY
€ _ . __ TI02 .. _0.63_ .00 .. .F0 CKSX . . 0uC . 0,00 . 0,00 - I S
P205 0.02 0,00 1z us 169, 17,59 17,59 -
. . ._ BAD® 0,00 g.0¢.. FA 2 290,14 15,22 15,22 oo S
@ _ SRO® 0060 0,00 FSs 0,09 0,00
o NIOe_ 009G L 0e00. . 2. X0u . 0.0 .. 0,00 , 0,00 S e e —————
ﬁﬁ CR2U3}» 0000 0y C TREN 0.0 0,00 0,00
‘% € _  _ zRo2e 0s00 . 0,30 o ANT 0.0 0,00 0,90 _ o . e i
ce? De00 PRSI 2 FE a1 0.0 TIV) 0,00
. _. 8e 0400 000 Ho0s 0.0 0400 0,00 .. .. N S U
. 0400 0000 20 20 At gt 2,62 2,n2 i
e e o el QJQQ IR P o 1) . — AT . U.OA_ (VIR _. 0.00 5 et e e e e e e emm — —_
‘ 0,00 040U FE AT 2,0 0,00 0,30
¢ . 00 0 00 MG CT 48,6 2,68 2,064 . i
0400 0en0 o, 0T: 9.5 0460 0.60
M o e e . - 0000 . (.‘-')0 - . . 0.\) Kr‘\nL 166.5 10l74 ‘On74 . . = - . PR e e e e e+ e e — - -
¢ 0,400 0,Cu 0.9 cn2 0,0 0,00 0.90 _ 4
e e 0400 ue0Y. . o 0, MU . 23,0 4936, L Qa6 e
0400 040G - U, H20- 9,0 0,00 0,30 ‘ :

—
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o+

.
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s
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LoDV ST O W
® @ & & o o v ¢ s 2 s o e e o

O -
o n
OO0 WL~ VDILALWLSr-OonNCd D

2
P2l
2
-
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TOTAL 102,22 0,00 TATAL 1644, 1 TOTAL 1644,1 102,10 102.10
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y
T mcmmu 18 36'4“" CLAY FPACTION, GOETHITE NORM
VT TCLAY FRACTION 10,0 PER CENT OF FIMR EARTH
Y uDLAR RELATIONS OF THE SESAUIOXIDES
S102/(AL203+FE203) S102/AL203

. __IN_THIS FRACTION: __ I 3.15% - 4,242
’ €02, H204 AKD H20~ EXCLUDED FRA!N 1EQ TOTALS

— —_OXIDES MARKED_WITH. ASTERISKs HOT USED TN NCRE CALCULATIZV

’_f_'___n____.,cm!po_s--..m 4T PERC OF3_ . . PASIS  KEG, XR _HORF
81TION FRACTION FINE EARTH
! 5102 51,22 5,12 AU 9,9 cr
o AL03 20449 2,05 __...CP._ . 2,1 ._ STR. .
\ FE20) 11,05 1,19 STR h,2 VAR
__,;___-___J'Eo o~ .. 0400 04Ny _ VAR 0,0 Q
: MNO# 0e18 0,02 Kp 48,4 RU
yo MO 0424 . . 0,02 K§ 0,0 GOET
N " CAO 0,07 0,01 NE 51,3 cc
L NA20 _0453__ .0,05 NS o D.0 L MGS
\ ; ¥20 0.76 T CAL 0,0 31D
> . .hHeos 10093 ___ 1,09 _ CS o 6,0
) H20=# 0400 0,00 3P 17,9 NADH
U SR ¥ { ¢ 0478 _ 0,08 Foo . 2,0 KOk
" P20s 0.28 0eul Mz 0.9 TC
e BAN®_ 000 _ _G,00Q. KA D) . MIE
o7 SRO# 0400 0,00 rs 202,9 AR
' . __N1O®  _ q.c0, 0,00 2 0,9 nR
CR2113% 0s00 N C 356,35 GIRE
e ..._..IRQ2e 000 0900 Q 751,6 ¥aANL
cn2 0400 0,020 ceR 9.0 S ll.L
e S® 0400 Qe . H2Ce 600,53 RE T
0,00 0e00 - E20= 0,0 FEMY |
e ... .. UacO 0,00 0,9 Mo g
0.:00 7400 .0 MGt R
I P 1 D) - 0,0 SAT
0,00 0,00 n,9 FE SAT
e 2000 Q00 L G,
1).0N .00 2,0 cn2
- - - .. 0.C0 20,00 0,0 420+
, 0,00 0,00 7,0 Ule
TOTAL ~=-96,53 2,65 TATAL 1446 ,9 TATAL

s, Py
N

MEG, R

<

s SV

SIN2/FE2D] AL203/FE20D
124320 24904
itha, UR «T PERC OF1 .
FRACTION FUNE EARTH HNN«CUAY
2,1 0,13 0,01
be2 0,58 L0006
0,9 0,00 0,99
38b,b 23.23 2,32
9,R 0,78 n,08
115,3 12,91 . 1.20
(] .00 0,00
0y 000 00

0,0 0,00 n,Nn
3,0 J.00 0,00,
AL n,00 Q.00
0,0 02 G090
tetl .00 0,0
Uy 0 1400 UL
5.5 4,48 n,45
Cof 0.0¢ 00
0,0 0,0N 0N
637, 41,09 4,11
112,° 6.43 0,604

71,2 4,23 .42
Dou 0,00 n,on
0,0 0,00 0,09
C.n 0,NNn [N
(40 D490 0.00
0,0 0,00 n,0u
X Ol\)(.) . Uooo
0,0 0,09 n,00
186,3 3,35 0,34
G, 0,00 0,00
134¢,9 96,12 9,63

A Sl Y -y

ooy AN SREL e T N

-

0.01

0406 .

0400
2.58
Q.09
1433
C.20
L2e ()
Qe
Q.00
0420
0,00
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T "MAGOMBO 1S 364 HOMeCLAY FRACTION, ’ EP1 NORM

___MQLAR RELATIONS OF THE SESCUIOXINES L L . o '
S102/7(AL203+FE201) S102/AL203 SIQ2/FEZN3 RL20Y/FE203 ..
© . _IN.THIS FRACTIOiI; _ $,490 _ . Tel11 26,073 ‘ 3,385 -
IN TOTAL SQOIL: 5.138 6,751 22,4395 3,317 :

e = _,c02, H20+ AND H2Dw I)XCLUDED FKRNM oEQ TQTALS . o
C OXIDES MARKED YWITH ASTFRISKEe 10T USED I BORM CALCHLATION .
_COMPOSITION SHOWS MEGATLYE COLTENTS, THESE HAVE BEEN ET T0 2EF0 AFTER, ) e : S
CALCULATING RELATI(INS OF SESQUITIXICES AND EEFCRE EPTIMORM CALCULATICH, . .o

.. __COYPO= . WT PERC 0F1 ... . BASLS  MEQ, KR KORM AEG, MR ¥I PERC OF: U
€ SITION FRACTION FINE FARTH . FRACTID! FINE FARTH . o N ]

T T T s102 T T 66,78 60,10 Py ) cp 5.0 0,00 G, 00 oo T T ’
© - AL203 . 15.93 14,34 CP STF 0,00 3,00 PR

0,60 0,00 .
40,88 . 36,4¢C - e —— e
0,58 0,52 , o 9
7:37 £4h1 . e ' .
0,00 0,00 ] .
0,00 0,00 . - e — S |
0,09 0,00 : ‘
O.")O 0.00 .. e e e eme - e e e = s e it e+ - {
0,00 0,00 . |
0,00 (’.UU e e e e e ——— —_—
19.R6 17,68 T S
16497 15,28 IR
0,00 ,0,00 ' )
2400 0,09 e
04C0 0,00 'y
D400 . o0 o o o ——
000 0,00 .

5 ]

. FE203 7,37 6.k STR
| FEO_ ve7 . 0,24 . VAR
¢ ' MNO# ne12 011 re
N e KGO 0030 L0427 ¥s.
¢ CAD 0,51 0,46 nE
. . NA20_ 2,00 1.7] ls _
. . K20 2435 2.11 CAL
‘-_____.-,-_..HZU?_ 6-)7 - ‘5-74 . CS
¢ . H20=e 0400 0400 sp
b UTIN2 . 0,89 __0.52. Fo
3 p20s LOEEA) LIVPRLE Hz
€ _Bane 0,00, . 0,00 FA
i SROw o0 0,00 Fs 13
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¢] hEG
RrRU 7
vy .92
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0
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e . _ NIO= 0400 Cedd .. Z
;@ CR20)# 0400 040y c 15
e ____CROZ2& 0. 00_. __ _Ce0C . _ 4. _ ._ _98
co2 0,00 040U cr2
€. . 8% 0aR0 0,00 . 29+ 35
A 0400 ¢uny 120=
.‘_'._...____- e L0409 . 0,00
¢ 0,00 )
e e W00 0,00
' 0400 0.6
L . 04000 0,00
[V Ne0uU
. - . Jeuf Q00
¢ o 0400 0400

SC WO DODODO WW'WwODD

<D

2 L0400 G.00 _ . e e e e e e e e
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0,00 o,un Rk D

L C1eB2 . 189 -
nT 14,8 0,94 U,H4 .
KAGL 124,6 8,04 7,28 . S
cn2 - 0,0 N,00 0,00

H204 228.3 4,14 3,70 e
H20= 0,0 0,90 0,09 d

=

TotaL” 102,59 92,13 "TCTAL  1658,4 TOTAL 1659,4 102,45 92,21
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77 MAGOMAO 38 366 | CLAY FRACTION,  GOETHITE :npM

CLAY FRACTION 62,1 PER CEMT OF FINE FARTH

_ 81In2/(AL203+FC203) S$102/AL203 "SI02/FE203 A1203/FE203

e IN THI3 FRACTION{ . _ . _ 1,655 .. 24358 . 54558 . 24357 . L e
® T €02, H20+¢ AND R0~ EXCLUDED FRQM LFQ TOTALS -
OXIDES MARKED WITH_ASTERISK# LOT USER IN MOQRM CALCULATION | N : U SO

L4 . __QOMPO=~  _  WT PERC OF;__ . BASIS . MEGQ,_NR LORE HEQ, MR MEQ, R WT PERC 0F: e

SITION FRACTION FINE EARTH FRACTION FINE EARTH YCN=CLAY
L 81n2 36,01 2236 RU 19,6 cp 0,6 0,5 9,04 0,02 0,06 -
ALR203 25.92___._16,10 _  Cp .9 3TR . 12,9 12,R 1,19 . 0,74 199 . o
' FE203 17,22 10,69 STR . 12,8 VAR 0,0 O] v,00 0,00 04,00 ’
®  FEO_ ____ _0.00 __ 9,00... VAR 0. 9 £0.3 12,2 2,53 1.87 805
MNO# 0453 cedd Kp 47,9 RU 17,6 19,6 1.57 n,97 2457
MG 0e32.._ 0,20 _. _ Ks 0,0 CRET 209,13 209,3 19,58 11,54 30445 e e
\ CaD Q.02 001 HF 13,6 oy 0,0 n,o0 0,00 n,00 - CeN0 R
A Na20 N.14 2Qe09 __ US . .. _9.1.. _¥GS .. 0,0 140 0.00 . 0,00 .. 0400 .. .._.._
® . K20 0,75 . 0447 CAL 0,0 51D 9,0 Uyn 0406 0,00 CeGn )
: _ H20¢_ 13076 . _8.54 .. CS._ 0.0 0.0 Ny 0,00, 0,00 Qo000 L
T . H20w¥ 0,00 0,00 5P 23,0 HACH 4,5 0,0 0,00 0,00 GeC)
.-._-__-_____.__tmz_,__. 187 . 4,97 .. F0. | _ . 0,0 . RDH 2,0 Ueu N00 . CLun L 0400 LN
N P205 0447 0429 HZ 0,0 C 18,5 0.0 0,00 N, 00 0400
BAQe 000 . _ 0,00 __FA.. _ 0,0 oI . 0,0 G, . 0,00 R LX) B 050 - o
' SRO* 0,00 0400 ¥S 33,9 AB 0,0 22,% 1.18 0,74 1,74 .
e ___NIO® 0,00 0,00 . 2 0,0 g 0,0 0,0 3,06 0,00 0400 ) e
CR203» 0,00 Cei0} c 412,14 Gled n,0 0N o, 00 0,0 0.0n
... IROZs_ 0,00 0,00 0. 474,2 KAnL 021,3 d6d, 7 89,77 33,A3 93,38 el
L co? 0,00 0,00 cc2 2,9 vSaIty, 111.% 111,5 hoedd 3,94 10,39
NN S 0400 000 o H2Te_ 0 75,0 R ... 0,0 2543 Sebd 3,50 _ 9424 e
0400 0,00 H20= 0,0 AN 0.0 0,0 0,00 0,00 0400
’- e . GenY L D00 . . o, M 2 . 0,0 De) U ntn [AA1Y] 0.00 e e
[ 0,00 . 0,00 .2 NOR 0.0 G0 deuh 0,00 0,30
e 0000 0400 0,0 AP 0,0 n,n L0L00 0,00 0400 R
° 0,00 0,00 0,0 FE Sap 0,0 [y Q0.0 0,00 0,00
— 000 ___ 0,00 0,0 . . M0 0,0 0,00 a,00 0200 . S
UeNO 0,00 0,0 cn? 0,0 0,0 0, N0 roe 0,00
S aaov 0,00 oLc Hane 162,31 182.3 1,28 204 5,30 L
00h 01400 0. H20 - 0,0 0.0 0,00 0,00 0,00
L TOTAL 96,71 60,06 TATAL 1376,4 TOTAL 13784 1374,4 96,13 59,70 157,52
. EXCHAI'GEARLE CATIONS, wT PERC rF CLAY FPACTWUm FIHF CARTH
s . 5,34 n.21 o L L
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http://_DXIPI.5_MARKED__W.IT.H_ASTFR.ISK*

L - » ' '." .~ [] d Y
® i - 2 ' B
e e bable ppen dix_ - . L ] . e
MAGOHBQ 35 366 HUNeCLAY FRACTION, EPT HOPR
o R L L e
e __ MOLAR_FELAT104S OF THE SESCUIUXICES . .. e —
SI1072/(AL203I+FEI03) SI02/AL203 6102/FE20)3 AL203/FE20) )
® .~ . _.IN.THIS FRPACTION; . _._. 6,503 9,352 21,345 2.223 - e e o B
I TOTAL SOiLg 2,801 3,499 9,355 2:139 _ .
e e .....CO2, 120+ AND H20e EXCLULED FEOM [EG TOTALS . . e e e
¢ OXIPES MARKED wITH ASTEPISKe LOT USER 1. NORM CALCHLATION 9
e COMPOSITIUN SHOWS VEGATIVE. CONTENTS,. THESE UAVE. BEE! ET TC ZERO AFTER, _ . - e :
° CALCULATING RELATICHS CF SESRUICXIDES AND BEFCRE FPIMORN CALCULATION, A °
e — ..._COMPO= ___ uT PERC.OF:.. . PASIS .. KEG, KR $ORM MEG, NR. 4T FERC OF: e —
e A ©+ SITIDN FKACTICH FTLF EARTH FRACTION FIME EAKTH 3
T T Ts1e2 0 .15 2119 mu 0 96,3 cF 0,0 0,00 0,00 )
® __2L203 13,02 .. 4,93 ce 0,0 . STR 0,0 N, 00 0,00 ) e e D
FE201] 8,913 3,39 STPR .0 9,0 0.00 0,00
e .. FEOL 3471 0429 VAR 0.0 . a 17042 46,29 17,54 . . e
€. MHO# 1,27 0,48 kP 276 ,6 Rl 1643 1430 0.49 3
e NGO - =0a00.. =0,00 £S .. ' 0,0 H. 111,9 .8.93 3e38. .l —_
g can 0410 Cocd e 200 ,4 cc 0,0 0,00 0,00
® .. NA20 . 213, 0.81 . I's . ¢L,0 HGS 0,0 0,00 0,00. - . e . D
N . k2o 3.24 1424 - CAL $.4 GID 0,0 0,00 GO0
.. _H20% _ 3,31 1425 - cs ¢.0 3,2 0,00 0,00 .- e
® Han-+ 0400 0,00y sp 0,0 HSX 0,0 0,00 0,00 ;)
T TIN2 L _ fJM 2,49 Fo o 0.0 tsX. Y 0,00 L 0e00 . . . o .
\ P208 “0430 11 nz 32,1 Ms 4097 23,11 2,84 _
® - _ __BAOs _ 0409 . UL0C FA . Te0 LB 344,0 18,02 PNE] . U *
SRO# 0400 2400 Fs 167,8 OR 55,1 3,00 1ole
e . _...N10De 2e0) 0,00 z 5.0 XOL 3. 0e?3 0,09 . e T
® CR203e 0,09 040¢ C 02,0 TRE! 0,0 8410 0,00 ¥ |
i TRA2% ___. 2,00  ..0.00 oo 99,9 _ AT L 0.0 0,00 0000 e B
co2 0,00 2,00 coz 0,0 FE anT 17,8 1,33 0,50
e . _ . 5o 0.00 (.00 H2Q¢ 183,5 0,0 De00 0,00 - e
t Q0400 0,0Q He0=- ¢,0 7.0 049 De00 Ve00 .
—— - FON Gevf 000 c.0 T 0,2 .00 C,u0 e e e e —— .
© 0400 J.0Y 00 FE AT 0,0 0,00 0,00 ¥ |
e .- 0eQQ . _usne. L. B v G CT 0,9 Q400 0,00 .. e e e e e e
) Qe 00 Ce0( C,0 o1 0,0 0,00 0400
¢ _ 000 - 0,00 5,0 A0 0,0 0000 0400 _ e _
0409 0,00 0.9 co2 0,0 0,00 0,00
DR . VeV Ce00 G40 K20+ 117,90 2,11 0.8V e e e e e -
¢ 0.00 ¢000 L b2lie 0,0 0450 0,00 J
e_-. T TOTAL < 105.55 40,00 TOTAL 1728, TOTAL 1728.6 104,58 39,63 7 T - T ) >
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LT ”"nncohbﬁkss?één" T CLAY FRACTION,  GOETHITE NCRYM
@ T T CLAY FRACTION 68.1 PER CENT OF FINE EARTH

®  MOLAR_RELATIONS OF THE SESQUIOXIDES
S102/CAL2CI+FE2D])
_IN_THIS FRACTION: _ 1,676 _
C02, H2G+ AND H20w EXCLUDED FRDY MFQ Tf‘thS
DXIDES MARKED GITH ASTFRISK® ECT USED.IN NORM CALCULATION

S102/FE203
6,596

S102/AL20)3

.___.__ - 2,247

._-__.__..__CDMPOA! BASIs.. . ™EQ, I'R 'ORit MEQ, NR FEG, PR

SITION

.....AT PERC OFy _ __ ..
FRACTIPh FINE EARTH

o . . s102 36,98 ?< 18 . RU 17,6 cp 0,0 0,0
P——— . AL20) ___ 27, 91___~4°.02""uu”cp .. . Q,2 .. _.sTR 10,1 10,1 .
® FE20) 14,90 10,158 STR 10,1 vEe 0,0 o.o
__________._.,FEQ e = 00T 0,05 VAR 0 Q 57,4 20,2
.- MNO# Ued? 0,25 Kp 16,9 RU 17,8 17,.R
._‘.__-'____MGQ-__.__. S 0627 . 0.18 K& S 2,9 GOFT 181.5 1P1.,5
;\: . (of 1] 0s00 D,00 HE 13,6 cc 0.0 (Y
: NA2Q . _0.14 _ QetG._ N3 . __ 2.0 . MGS 0.0 0,0
® X20 0,58 0,379 CAL 0,0 S1D 0,0 0,0
e - H2Ge 13,720 9,34 . Cs .. D40 0,0 £,0
) - H2Des 0400 0400 sp 20,1 wanu 4,5 0,0
.__,-______._Ttozmu_ﬁ~m1.42- _..0,97.. . FO 7,0 KGH 0.7 0.C
R pP2ns 0436 .25 HZ 2,0 TC 15,6 G0
—_—— . BADe_ 0,00 _ __.0.00.. . FA. AU D S € 2,3 0.0
® \ SRO# 0400 V.00 Fs 272,3 LB n,0 22.6
e NID® 0,00, .. C.00 r A 0,0 AR 0.0 v
CRr203« 0,00 0 enG C 515,7 CIfR ¢, ot
.__,___A_M__zmzq-- 0.00. D400 . A 567,0 ¥ARL 1021,8 GHk R
) co2 0400 1,00 CUZ .0 MS-TLL 66,2 RE L2
DO Se. . 0,00 ... u0¢00 ... HZ oo 151 .4 CME oL 0,0 gC 4
L ] : 0400 000 h“"- U FCOEN 0.0 11,7
e _._0400Q._ __ 0400 . e 0,9 A2 0.0 0,0
‘ 0,00 Y LU YGEE D fLn )
R (T | L 0,00 £,0 . &kF 0,0 0,0
® 0,00 0,00 ¢, FE SAF 0% ULt
-___&_.__._~.~““_-.._,QIQOV___.QQOQ__"”. R .. ... U-G ﬂne a0
0,00 0,00 0,0 cr2 0,0 ¢,0
® . g0 000 . 2.0 K2 130.1 14%.s
(0400 0,00 Cen H20. c.0 Cy0

TOTAL_ 96,74 65,83  TOTH, 1307,3 TOTAL 1397.3  1397,3

TEXCHANGEXBLE CATTOUS, wT PEFC nf

b cs P .-
PRSI SRR L P SR R e SR L S

s R T e e ’
- [T e PN R ey SN

AL2C3/FF2N)

2,936 - e e e e PS

~T PERC NF1 ' o

FRACTION FI1MNE EARTH KOm=CLAY

G0
2.02. C em e emen e i m—e m——— man

0,00 0.00—
0,9% . . 0,85
¢,00 0,00

1,21 0.83 A _
1,42 0,77 3,01

16412 . 10.98 . 34.41.. _ e
0,00 0.00 7400 e
¢.00 6,00 . . Ge0O. I
0,060 0,00 ny 00

C,00 Qi Cs00 e e et e — ——— - .
(00 0.0¢ 04090 .

Cond 0,08 . [Urgeld] L R R |
Q0.0 n,00 Ne0Q

.00 0,00 __0.00. . e
1,13 0.1 2.53

0.00 0,00, Uere I
(.00 0,00 400

f2,36 42,46 133,12 e el e
4,90 3,34 10,47 . o

4,76 3,24 .. 10.16 e e e e
Ge72 2.49 1.54
v.00

0.00 0,00 000

G U0 0,00 Velt o _
0,00 0,0 Qe N0 .
0,00 0,00 .. 0,00 . . . e

n.00 0,00 0,00

7.69 1.83 5.75 . e . e
0,00, 0,00 0.00

46,32 65,59 205,62

CL,AY FRACTION F1LE EARTH ToTr TTremTmTT e -
0,07 0.LS . \‘0
T
N ’ L

0490 ,
2,59 o L o

0,00 . 0e00 | L L L e i e e e e - _..

f
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f MAGDYED 35 368 NCN=CLAY FRACTION, EPL MORK
fe
¢ . MQLAR RELATICHLS _OF _THE SESQUIGRIPLS. _ i , .
:  81N2/(AL2UI+FE203) ST02/AL,20) s102/FE2M
§ @ .. . _Iu THLS FRACTLOND. A,677 7,212 13,265
H IN TOTAL SOTL: : 24375 3,285 3,576
! e CD2y 1204 ALD {20e EXCLUGED FROI MEQ TOTMLS
® OXICES “ARKEDN WITH ASTERISK« MOT USED Ik BORM CALCULATION
: D COMPCSITION SHOWS. MEGATIVE CONTE™TS, THESE HAVE BEFL ET TO ZERC AFTER,
i P CALCULATIEG RELATIQUS NF SESQUIIXIONES ANl PEFCRE EPINORA CALCULATIGCM,
e+ _. CO"PCe. 4T PERC (F: BASIS . HEQ. 1R YR MEQ, KR
10 SITION FRACTINN FINE EARTH
' 5102 67,01 21.3¢ R 16,6 cr 0.6 0,00
® . _AL203_ 15,77 __.S,03 . CF _ 6,0 SR 0,0 0400
‘ FE203 13.43 4,23 STP 0,0 0,0 0,00
e -...FEQ._ _ 0e¢76. . U474 . YAER _ B o 694,2 41,72
{0 MEOw 0490 9,29 Kp 204 .1 FU 16,5 1,33
N e MGQ. el _=0,00. ... EkES . . 0,0 . 3 168.2 . 13.42.
G cAC 0,09 0,03 - hE 183.,5 cc 0,0 0,00
o NA20. .~ 1490, . 0,60 ns ... .. u,0 1GS 0,3 0.00
N . K20 J.22 e CRL 4,9 SID e 007
’ e = . H20¢ .. 854706 . . 184 .. C3 _ R O (UMY .00
@ . H20es 0400 0,90 5P v, rSX 0,¢ 0,00
e = TI02 L33 L 0,42 CFQ v,n KSX 0,0 04,00
\ P205 “0,36 0,12 HZ 31,7 "5 477,8 27,19
: @ _ . Baos 0.C0 L0400 Fa .0 AB 305.8 16,03
] SROe 0.6 0,00 FS 262,2 GR 0,0 000
i - - Nine Qevul. 0,00 . 2 0,9 YK U,0 0,00
4 @ CR203# 0490 0,99 c 155, 4 TREN 0,0 n.0n
:‘3 — e ___2RO2%_  __ Q0. __0.0u . _..14 . . 901,5. ANT 0.0 0,00
LI o2 0400 0,06 ce2 0.0 FE ANT 0,0 6460
3@ ___. s . 0,00 .. 1,29 K20 319.6 9,0 0400
‘ 0.09 Doy H20= 0,0 0 6,5 0ed?
e . 0,00 0,00 0,0 AT 0,0 7,00
G 0.90 0,00 ¢,0 FE AT 0,0 0,00
OISR SN o 1% + 1 1 JURNENED DA o { LV, 0. MG 0T 0.9 04C0
e 0,400 0,00 0,9 0T 42,3 2,60
FOW e - L0400 0,00 0.0 KAOL 39.5 7.55
-, 0400 000 0,0 cn2 0,0 TGYC
e 600 €400 Ge9 uz0+ 220,6 3,97
e 0.00 0,0y 0.0 H20- 0.0 0,00
¢ TOTAL- 169,78 35,02 TNTAL 1754,9 TNTAL 1756,9 109,23
¢ —
=
A
‘5 e T
R TR T T E A S e Y RTINS e e R T L e e - -

4T FERC CUF)

FRACTINY FILE EARTM

0,00
0,00
0,00
13,31
U442
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0,00
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U400
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L0 U0
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S.11
0,G0
000
anU

U,00.
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MAGONBG 35 369 CLAY FRACTIOHN, GOETHITE “GRY
’ CLAY FRACTION 72,0 PEP CENT OF FIME EARTH
'_ﬁ______-__ _MOLAP_PELATIONS OF TFE. SESCUINXIDES
SIN2/(AL203+EE203) ST02/AL243
‘._",m___, _IN-THIS FRACTION: _ . 1.631 . - 2,27¢
"7c02, H204 AND H20- EXCLUDEP FRO! “FQ TOTALS
I QXIPES MARKED_ %ITHL ASTERISK# FC1_USED.IF FORM _CALCULATION
Y _coMPn=  _LT.PERC OFi.. .. PBASIS . MEG. MR NOPY . MEZ, MR
SITION FKACTION FINE EARTH
YT T s102 317,84 27,24 RU 16,9 cp 0,0
i AL202 J28,22 020437 .. _CP 0,0 STFR . 8.2
FE203 15,18 10,93 STR 8,2 VAR 0.0
Y _FEO. 010 0m VAR Ly a 64,1
MNO# 0.42 0,30 kP 35,7 RY 16,9
v MGQ_ . 0.27 0,19 . KS . c,0 GRET 186,0
Y CAD ¢e0n 0,00 WE 4,3 rc 0.0
e _NA20.. _ __ Q.05.. .0.04. kS . 8,9 NG 0.0
v K20 0.56 n,49 ca 9,9 SID 0.0
N B20%. . _ 12,99 _..9,35  _ CS V.0 0.0
H20=s 0,00 1400 sp 20,1 HACK 1,6
Y e _TI02 0 1a35. . 2.97 AN 0,0 KA 0.0
P20% 0129 D421 HZ 4-2 TC 1546
N BAO®__ . 0s00.. _UeQd.. _ FA. 9,0 e 3.2
, SRO® 2,00 0,00 £s 279.¢ AR 0.0
et e NINs 0,00 n.00 . Z A (MY 040
CR203» 0400 Cene C 525,2 niat 0.0
. 1lRDQe L N,00 0400 ) 523,13 Kb 1038,5
Yoo o2 0420 0. 6¢ cn2 Coo Hso 1L 3.2
5% 000 Yed. . HIC4 712,09 ey )
h,00 0,00 gl AN} FEME 040
‘A_ ot —_ . 0400 AL [SFY] ' 2 0,0
n,00 Nnead0 V] MG 2 NN
e 0,00 . _ 0409 _ "0 . SAP 0.0
) 0,00 0.0 Y, 0 Fr o grap 0,0
et s L0600 0,00 . L U.Q 0,0
. 6,00 000 0, cn2 0,0
L S a.e0 0,08 ) K204 32.5
0490 0,00 I H20= 0.0
y TOTAL 2" 97,34 70,08 TOTAL 1117,1 TOTAL 1417.4
N EXCHANGEACLE CATIG(Ms, @T PERC QF
R _ .

SIN2/FE203

AL203I/FE2NS
4,625 2,914
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Location of augerings and profile pits Magombo market area, Kenya.
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PRESENT LAND SUITABILITY MAP of the MAGOMBO AREA.
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FUTURE LAND SUITABILITY MAP of the MAGOMBO AREA .
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