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Choice and location

The choice of the area for the vresent study was guided by two main
principles. :

It was thought that in order to be able to study as large a range of '
correlations as possible, an area must be chosen where the greatest
variety of morphological features can be found in the closest proximity.
Furthermore, it was thought that for this purpose it would be best to look
for an area in vhich the greatest number of the erosion-surfaces, recognized
or postulated in Uganda, <o be found in close juxtaposition. An inclusion
of one of the older surfaces seemed desirable in order to study, if pessible,
any influence the relative age of the morphological feature may have.

The second principle was based on the assumption that in order to study
influences of landforms on the distribution of vegetation, it would be neces-
sary to eliminate, as much as possible, the climatic effect. This meant the
restriction of the study to a more or less homogeneous climatic region.
Another basic assumption was that the study of the subject would bring better
results in areas vhere a decisive limiting factor of the climatic environment
is relatively marginal, so as to emphasize changes caused by topcgraphical
features and soils. The most decisive limiting factor in the equatorial i
reg@on being moisture, it seemed necessary to choose a relatively dry area.

The driest parts of Uganda are situated, according to the available
rainfall datz, in the district of Keramoja, in the north-eastern part of the
country. The mezn annual rainfell in this area is in some parts, lower than

20 inches, vhile almost the whole of the district receives less than 35
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inches annually. Another dry area, of less than 35 inches mean annual
rainfall, is situated at the bottom of the Rift Valley, around Lakes

Albert, Zdvward and George.

Both these areas are of relatively uniform landscape and have little
variety of geomorphological features. Also, no more than two of the pos-
tulated erosion-surfaces could be found there in cl»se juxtaposition.

It seemed, therefore, necessary to choose a third area which, though
not as dry as the two former - having up to 45 inches of mean annual rain-
fall - contains within its limits a greater range of geomorphological
variety and at least thrcs (possibly four) of the five postulated erosion-
surfaces (Maps 4,4a).

This area forms a part of an easily definable climatic region of Uganda
in Zastern .inkole and the neighbouring western Faosaka, being, as it is, a
region of drier savanna country bordered on three sides by regions of higher
rainfall and semi-evergreen forest or woodland. It is, in fact, a contin-
uation of a similar climatic region in the Karagwe province of north-western
Tanganyika and eastern Ruanda.

Vithin this region there are two centres of greater aridity in which the
mean annual rainfall is lesc than 35 inches. Of these the soutlern one
seened to be more suitable becruse of the more variable landscape and preat-
er possibility of distinguishing a number of erosion surfaces.

The actual size and limits of the study area within this chosen region
vere to some degree imposed by time and technical limitafions. Scarcity of
r1ll-weather roads made most of the crea accessible only on foot or only in

the dry seasons. The nature of the subject vwhen cembined with laclk of any
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help in actual field work, limited the area that could be covered in a
suitable manner. So that in fact the limits of the area were reached,
rather than predetermined, in the time available. PBut they were reached
from several chosen centres which seemed to be revresentative of the
various natural comnlexes present.

The present study, thus, embraces an area of rectangular form about
fifty miles long, from north to south,and forty miles wide - i.e. roughly,
an area of 2000 square miles.

It is bounded, approximately, by longitudes 30° 40' and 31° 12' Tast
and latitudes 0° 22' and 1° 0O' South. Its southern boundary coincides,
throughout most of its length, with the Uganda-Tanganyika border. liore
exactly it is bounded by the longitudinal grid-lines 240 and 3C0 and the

latitudinal pgrid-lines 9890 and 9960 in zone 36 M of the UTH Grid.
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Geology
FerglL ey

The geology of the area shares the characteristic feature of the Bast
African Inland Plateau namely - the enormous stratigraphical gap between
the predominent Precarbrian formations and the late Cainozoic and Recent,
mostly unconsolidated, deposits of aggraded vallejs and drowned lowlands.
A special position should be assigned to the remnants of laterite sheets
acting as ironstone caproclks, which mey be of different ages but apparently,
according to most authorities, are not older than early-Tertiary.

The Precambrian is represented within the area by three formations: the
Basement Complex and the Toro and Karagwe-Ankolean Systems.
Basement Compnlex

Basement Complex rocks are exposed due to the stripping of presumed
former metasedimentary cover in about a third of the area. In fact, the
inclusion of these rocks within the Basement Complex may be at least par-
tially erronecus and it is possible that they embrace also rocks of younger
age absorbed and incorporated by late metasomatic activity. This is imp-
lied by the wholly granitoid nature of this formation within the area,
comprising none of the paragneissess, metacalcareous or metaquartzitic and
charnockitic rocks and the basic masses vhich characterize this formation
elsevhere. Furthermore, the pgronitoids of this formation present, in the
area, a certain pattern of distribution and structural evidence indicating
a relatively late process of granitization of pre-existing metamorphics.

The centre of this megmatic activity was, apparently, in the area of the

Ishura lowland, where the most advanced stage of the process in the form of

* Mafs and sections - in end- anktt




coarsely porphyritic granite, is represented. To the south, on the margin
of the lowland, the granite appears to be overlain by a successive narrow
belt of grancdicrite and granulite representing the replacement sequence of
granitization. The pattern is less clear on the northern flank of this
centre, where granite is still predominent, but occurrences of orthogneiss
and of gneissose granite perhaps point to another sequence. Similarly to
the east of the porphyritic granite, ocutcrops of intermixed fine-grained
granite and granodiorite appear in the Buyojwa inlier o the Koki Hills.
Since granitization appears to have affected metamorphic rocks and not the
earlier Basement sediuintaries, it must have been a relatively late occur~
rence. liowever, late as it may have been, Phillips (;ggé., .26) maintains
that structural evidence suggests that it occwrred long before the depos-
ition of the sedimentary formations.

Structural evidence of magmatic activity is present in the form of
shearing and silification, pointing to the fact that tectonic activity re-
curred even after exposure and solidification (Phillips, 1959). Shear
foliation coincides approximately with the primary foliation of the granite
(ibid. p.22) i.e, - vith the main trend of strike prevalent in all the
ancient African shields - l. to II]. vhile the major joints sezm to be co~-
incident with the cross-trend or, in any case, to intersect the strike of
foliation. Shear zones grade, as silification progre~ses and recrystal-
lization continues, from granulated granite with lenses and stringers of
quartz through cilicified rock with bands of grains and elongated masses
and veins of cowsely cryctolline guartz to  very large bodies of this tec-

tonic quartz. Thus, parsllel suartz belts of greater or lesser extent or




regularity, occur within the granite following the main (Ishura-Nyabushozi
lowland} or the cross trend (lazinga lowland) or appear in isolated masses.

Toro_and Karagwe-inkolean Systems

The Toro System* is only poorly represented in the area. Consisting |
entirely {within the area) of incomy!etg?zuartz-sericite schists with sub- [
ordinate muscovite~schists.. The areas supposedly underlain by them are poor
in outerops and deeply buried by soils and alluvial deposits. According to
the available information (Geological Survey of Uganda 1:250000, lbarara
Sheet; Sheet 87 (Rakai) 1:1000C0). they underlie the western and southern
parts of the lasha arena and the Bwarkasani lowland in the southwest.

v ‘ihile the Toro age schists are regarded as a product of regional def-
ormation of unsorted arenaceous and argillaceous material, the overlying,
basal gquartz-muscovite and muscovite schists of the Karagwe~Ankolean System

are thought to have resulted from the transformation of suutes and, perhaps,

micaceous sandstones. Consequently, a gradation can be discerned from the
schists to the overlying succession 6f arenaceous and argillaceous horizons.

tica-schists pass into quartz-mica-schists, then into micaceous quartzites

interbedded with mica-schists, schistose auartzites with micaceous laminae
snd schistose phyllites and finally, into quartzites and rhyllites. There

is also a horizontal gradation of metamorphism from west to east and arpar-

ently also to northeast and north. It involves,apparently, mainly the arg-

illaceous members of the succession while the vertical gra‘e affects mainly

*(CorbeX, 1945). Fallister Z Rarnes (1954) suggest thot since the sediments
included in this formation have never been adequately defined except as older
than the Karagwe-inkolean 2n younger than the Sasement Complex, they should
not, as yet, be elevated to 2 Tvstex.




the are:aceous members. The interaction of both gradation series results
in a complicated lithologic pattern, in which upper horizons in the west
have a higher netamorphic grade than lower horizons in the east. Beyond

a certain eastern aond north-eastern limit, metamorphic change appears only
in arenaceous members due to vertical grade. Argillaceous rocks grade from
phyilites and slates inte shales and mudstones.

Yhile it is possitle to draw a generalized boundary between rredominance
of shale or mudstones and that of phyllite it is often very difficult to
distinguish between highly recrystallized shales or cleaved mudstones and
the lower grades of phyliites. Also, both mudstones and shales are locally
associated with phyllites. Gradation of arenaceous rocks aprears to be
independent of the original nature of the sandstones. In the lower grades,
the original cquartz grains are still discernible in the interstiSél material
vwhich was recrystallized into sericite and microgranular guartz and at times
still contains reliés of felspar. The higher grades produce massive medium-
grained gquartzites composed of distinct colourless quartz grains in a white
silica matrix with few sericite and muscovite flakes. The highest grade,
found in the west, produces blue-wnite, entirely recrystallized cuartzite,

is present
in which no cementing matrixaL—f;En here some detrital muscovite flakes may
be found lying parallel to the tedding.

It is, however, the successional pattern, as preserved today, and st-
ructural peculiarities in each part of the System, that determine the pres-
ent lithelogical characteristics. Differences in succession reflect both
initial differences in thicknesz, with a general eastward and northward shal-

lowing of ancient bazinz, znd sutsecuent tectonics and resultant differential




erosion of upper horizons. 4 tentative successional scheme is presented

in table 1 to illustrate this. The Rwampara-Gayaza succession is, perhaps,
correlated in its lowest horizon of guartizite with the uppermost horizon
of the Kasumba Syncline, but the relations between both areas are obscure.
Structurally, the Karagwe-inkolean System may be divided into two or three
complexes (Map ). The Rwampara-Geyaza-Nshara area is dominated by simple,
ranified and sub-parallel major folds of both trends vhich, in the study-
area, tend to be more longitudinal, They constitute a northern extension
of similar structures in Karagwe (Tanganyika) which swing sharply back to
the northeast to conneci with the more complex structure of the Isingiro
area (Combe, 1932). This structural complex is based on two major syn-
clinal structures, pitching ir opposite directions in a latitudinal cross-
trend, from a central main-trend anticlinal structure at the approximate
Junction between the Kasumba and Rugaga hillmasses. The Kasumba Syncline
pitches southwestwards towards the Karagwe structure, with its axis exp-
ressed in the Bigasha lowland; the Rugaga or Kakoma Syncline pitches north-
eastvards towards Koli, with its axis possibly expressed in the lower
fyakagera valley. There seews to be no doubt that the Koki structure is a
shallower, broader continuation of this major Isingiro eyncline (Phillips,
1959), though the elements of such a continuation can be discerned only with
difficulty. In both areas the major structures are associated with a sys-
ten of zubsidiary and minor structuresof varying pattern and magnitude which

maltes for a very complex lithological and structural features (ilap 2).

@
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Table 1 : A Scheme of Karagwe~inkolean Succession
A. Twampara~Gayoza Area
lishungezi-Kambeizi Bungura Gayagza
a r a b a b
Phyllite 3400*
Luartzite 18¢0
Pryllite €cco Phyllite &ooo*
- . R
Cuertzite 2500 Suartzite 3400 Fhyllite 1000
Quartzite 200
Fhyllite 200
lvertzite 00 Thyllite 14c0 Phyllite 1500 i
ECO
Guartzite 300 Cw
cuartzite 500 wuartzite 00 Phyllite 500
uartzite koo v
i
Phyllite 7 Phyllite ? 2 K ;
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Isingiro Area

LHasumba Syncline

Rugaga Syncline

a b a b
Phyllite and Quartzite 5800*
Guartzite 8oc
Suartzite SC00* Phyllite and Quartzite 1100
Schistose Fhyllite 200
and CQuartzite
Luartzite 5600
Suartzite 2460
Schistose Phyllite 8co Nica Schist 2400
and Guartzite )
Quartzite 500
lMica Schist &oo
Hica Schist 1000 Luartzite 1200
iica Schist 7000
wuartzite 2500

a. Rock Type

. lprrox:

te thickness in feet
Zenuded urzer horizon
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Table 2

Chemical Composition of Rocks*

1 2 3 4 5
Serial Io. 21,054 20,182 20,183 20,184 20,185
' 510, 72.21 67.00 70.0C 72.00 70.96
Ti0, 0.63 0.38 0.16 0.15 0.12
Aizo3 19.29 19.82 15.64 13.83 15.84
Fe 0z 0.61 1.52 0.70 1.65 1.5
Te0 - 1.96 1.40 1.62 1.0
¥n0 Trace 0.02 0.03 0.17 0.02
Hg0 C.29 1.05 1.75 1.40 0.70
Ca0 0.38 1.98 1.98 2.47 2.47
wa0 C.50 2.29 2.19 2.46 2.87
£,0 1.81 1.78 1.97 1.67 1,41
1,0+ 3.5k 2.435 3.00 1,94 1.80
€,0- 0.18 0.46 0.40 0.27 0.33
P205 0.33 0.08 c.23 - 0.08
99.77 1C0.79 95.79 99.63 95.15
*Geological Survey of Uganda - Rock fnalysis from the Zastern Ankole

“ectern lasska area (in 1itt.)
1. Thyllite, Eiced, iloki {cheet £79) 2. Du Dois 1059

2. Fine grained grarulite, Luke Ischera aren (sieet 87) C. Du Sois 1959

3. farginol type granite " " " "M U.J. Phillips 1959
4, Toliated sromite " " " LT " "

5. Granite, iaale, Ioki " 1 " " " " It n




Physiogravhy

Relief and Trainage (Map 3)

In general, the area is divided into two topographic units: a high
dissected, plateau-like upland and a relatively low undulating country
with flat-floored valleys. The two units are separated by a prominent slope,
300-1,100 ft high with an average slope usually exceeding 15° and a pediment
slope of about 50 or less at the base. Both high and low ground are sub-
ject to a regional east directed slove, much more prominent in the upland.
The lowest pvart of area is situated in the south, where the Kagera valley
is incised below 4,000 a.s.l. %ut gererally, main drainage lines in the
lowland have a consistent altitude between 4,000' and 4,100' a.s.l. Lowland
interfluves are mostly 4,100-4,300' a.s.l. but on watersheds may reach 4,500
a.s.l. Only in a narrow belt along the western margin of the area lowland
altitude is, on the average, about 100-200 ft higher. Isolated ridges and
lovw hills within the lowland, vwhose disposition is clearly adjusted to geol-
ogy and notihrainage rattern, may be higher than 4,500 ft a.s.l. but none,

except in the western margin, exceeds 4,700 ft (Ilyabishozi Hill in the lasha

arenz). Upland altitude is much more varizble and swmmits rise in the south
from 5,096 ft a.s.l. in the eastern vart of the area (iinota, “estern Koki)

to over 5,900 ft a.s.l. in the western pert (Sungera, EZastern Rwampara).

‘here upland extends longitudinally there is also a decrease in upland sum-
mit altitude in a northward direction. In northwestern Koki summits are just
over 4,800 ft (Xabula) and in Central yubushozi - over 4,700 ft (Omulkate).
General crest levels are usually 100-3CO {t below summit elevations and con-

sidering the relative wniforuity cof levland altitude the amplitude of

g e - .
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available relief ranges between 600 and 1,800

Ixceprt for its northwestern corner, the study-area embraces varts of
two catchment basins, both tributary to Lake Victoria. They are separated
by a watershed vhich runs along the main ridge of the southern upland, div- .
iding runoff to the south into the Kagera River from that to the north into
an extersive drowned latitudinal valley choked with svamps and flanked by a
series of larger and smaller lakes, in lateral valleys. The largest of
these are the Nakivali, Mburo and Kachera and, beyond the limits of the area
- Lake Kijanebalola flooding the lower end of the main valley. The surfaces
of Lakes Nakivali and Mburo sk=nd at abgut L,060 ft a.s.l., that of Kachera
at b#oko ft a.s.l. and of Kijanebalola - at 4,025 ft a.s.l. With a distance
of approximately 30 miles between Lakes Nakivali and Kijanebalola, the gra-
dient is very small and there is scarcely any flow through the rapyrus
chocked valley. This is also evident from the fact that alone among the
large lzkes the ¥ijanebalola, at the lowest part of the basin, dries up com-
pletely at times, which suggests that it is mainly devendent on its own cat-
chment area. Consequently, even though the whole Lake System is regarded

as directly tributary to Lake Victoria through the Kibale River which drains

the Xijanebalola basin it is, in fact, an internal drainage tasin. The

level of the western lakes is fairly constant, probably due to the Ruizi

River with its extensive catchment basin, vhich is the only perennial and

unaggraded, znd the largest tributary of the Lake System. Another signifi-

obviously little related to the present drainage. Zven the southern water-

shed, clearly, an ancient one, iz either fully or partially breached in at
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least three places, of which the through-valley of the
Orichinga is the most prominent one. After very heavy
rains, especially aftfer several consecutive years of
heavy rainfall, water from Lake Nakivali revives this dr—
ainage line and flows dovn it to the Xagera.

Physiograpnic Units

A physiographic regionalization of the area, based
on the prevalent views on its geomorphic nature, must
start with an attempt to pleace the area within a larger
Scale of physiographic pattern (liap 4). According to the
brief but admirable scheme of physiographic regions pro-
posed by Mcliaster (1962) for Uganda, the study-area emb-
races parts of two major regions: the Katonga Plateau
(including the Ioki Hills) and the Southwestern Highlands:
of the former — the southwesternm part of the Katonga Flat-
eau proper subregion and the western part of the XYoki Hills
subregion; of the latter — the eastern part of the Ankole
ridges and downlands subregion. The basic division betwe-
en two regions is unguestionably sound though the reasons
for details are unavoidably obscure. It seems more proper,
on geological and geomorphological grounds to detach the
{oxi Hills subregion, that for some reason is supposed to
include also the Izingiro Hills, from the entirely differ-
ent Katonga rlateau und zttach it to the Ankole ridges and

dovnlanés subregion. This subregion which may be desig-

spr
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nated also as the South Ankolean Highland subregion can

be further differentiated according to the proportion of
upland, its altitudinal range and orographic character into
several units: the South Ankolean Highlands - including the
Rwampars lountains, end the Isingiro Hillsj; the Koki Hills;
trke Northern Downlanas and Outliers - including the alter-
nating arenas or arena-like lowlands, their flanking and
iptervening upland masses and features and the Nshara up-
land; the Inter-Upland Valleys - like the Orichinga and
the Nyabubare - which almost completely intersect the

South Ankole Highland, as lowland gaps; and the Southern
Downlands embracing the Arenas and lowlands flanking the
South Ankolean Highlands on the south. Xach of these units
possess a certain specific combination of geomorphic feat-
ures and geological fundament. Each can also be Titted
into one or more of the erosion-surface schemes postulated
for Uganda. In the Xatonga Flateau, differentiation is
more difficult but several couplexes of geomorphic features

and geologic control may be distinguished (idap 4q).




Climate
Datz of eliements of climate in the area are available
from only two stations: Iibarara and Lyantonde, both either
P marginal to the area or just beyond its limits. Rain
gauges were supposed to be stationed at Rugaga, w;thin the
area, and in Xfjuhura close to its northern limit, but in-
formation collected in these localities wexg stated to be
ungvailable. Conseguently, in regards to the study-area
S the rainfall maps of Uganda, published by the East African
‘ Feteorological Derartment, probably depict an extrapolation
from data of surrounding areas. Data gathered from various
sources, none of them referring directly to the area or to
climate, are not always in agreement with that supplied by
the maps and it appears also that data compiled from mean
monthly rzinfall maps is not in complete agreement with
the mean annual rainfall map (liap 5 ; Table 4).
Temperature

;f Temperature varies very little during the year, its

main variation being due to altitude. Seasonal fluctuat-
ions of mean monthly temperature do not exceed 1.0° ¢ with

the coolest seasons in June~July and November-December and

the warmest months in Herch-Aipril and August-September.
Since there is no direct record of temperature from elev-
ations in the zrea higher than that of libarara an estimate

of altitudinal fall of temperature had to be extrapolated
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from other areas. lean annual temperature data from stat-
ions at various elevations in Uganda revezl a definite
influence of alitiude. It is, however, not a “"remarkably
regular” influence as maintained by McMaster (1962). There
appear to be at least one critical altitudinal level at
which the rate of temperature fall changes abruptly. Be-
low 3,500 £t a.s.l. the rate of temperature fall appears

to be in the order of 0.8-L1. 0°C per 1,000 ft. Above

4,500 £t a.s.l. mean annual femperature drops by approxim-
ately 300/1,000 ft. 1If this calculation is applicable to
the area then mean annual temperatures of the upland will
be in the range of 17° - l9°C, and those of the lowlands

20 - 22°C. An indirect and partial confirmation for this
limit is given by Snowden (1953) who, while following
Henderson (1949) in delimiting the Tropical Zone at 5,500 £+t
a.s.1,, maintains that change of vegetation from tropical
to subtropical communities commences at 4,500 £+t a.s.l.,

so that the interval of 4,500 - 5,500 £t a.s.l., represents
a2 transitional climatic belt.

Rainfzll and moisture supply

Rainfall is characterized by the bimodal distribution
typical of the zone of inter-tropical convergence. In
this the climetic regime of the area compares closely with
other eguatorial regions of the country (Fig. 1), all

having their rainy seasons in Harch-May and September-Hov-—
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ember. A more exact definition of rainfall regime depends
on determination of the terms 'rainy' and 'dry' season,
which apparently differs between regions. Thus, in Buganda
the term ‘rainy season' appears to apply %o those months

in which mean rainfall exceeds 100 mm. (4"). It is only

4in this case that the designations of 'Long Rains' (mid-
Harch to mid-lday) and 'Short Rains' (September to early
October) can be applied. However, it seems difficult to
use the same limit in relation to the study-area.

It is a characteristic feature of equatorial Uganda
climate that in areas not affected by Lake Vietoria the
second rainy season exceeds the first. In {the westernmost
stations this involves both more protracted rains and high-
er monthly peaks. In the region of the study-area, however,
the higher pezks occur in the first season, although they
do not exceed those of the second in the same measure as in
the Lake region. The greater amount of rain in the second
season derives, conseguently from a greater duration. Ad-
opting the 100 mm., limit the rainy seasons will be very
short: the first, only one month (April) and the second -
two (October-lovember). An arbitary lowering of the iimit
to 75 tm., which appears to it the present region better’
will make the firet rainy season 2-3 months long and the

gsecond 3-4 months long.
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Table >

Wet Season Dry Season Wet Season Dry Season
- larch-iiay June-August September- December—
. November February

Mbarara 303.4(11.94) 108.2(4.25) 316.6(12.46) 185.0(7.28)

(mm/in. )

Lyantonde 286.2(11.26) 98.8(3.89) 329.8(12.98) 185.2(7.29)
(\mv«]{n.)

The mean annual rainfall map (Map 5) of the region is
slightly modified from that prepared by the Uganda Region
of the East African lieterological Department. The modific-
ations involved concern mainly the depiction of a 30" isoh~
yet in the south-central part of the study-area extending
from the Western Isingiro to Western Xoki and northward to
the Nakivgli-kburo azrea. They also concern the indication
of lesser certainty of the isohyets to the east of the

study-area, shown by broken lines. The first results from

an isolated record of 25 - 30" of mean annual rainfall at

Rugaga (Harrop, 1960) and from comparison with rainfall
maps of Tanganyika end Rwanda, both showing zreas with less
than 30" mean annual rainfall zdjacent to the Uganda border.

The second expresses doubt as to the validity of rainfall

data from Rakai*which caused the inexplicable westward K

extention oi the isohyets in the Xoki Hills area and may

* The map is based on intormation aveilable up to 1956, i.e.
N a record of oniy 5 years from Rekal. By 1964 the mean an-
e nual rainfall at thas stastion (over 55" in the map) has

fo been moaified to 47T".




have modified the aepicted pattern of rainfall within the
area.

The ciimatological position of the area, as part of
an extensive zone, recording less than 40"?5%5 trending
roughly south-south-west to north-north-east from Karagwe
and eastern Rwznda to southwest lMengo, emerges clearly.
In this zone the study-area constitutes the northern part
of the southern centre of greater aridity. ‘“The patterns
of annual and monthiy rainfall distribution provide an ex-
planation to the existence of this subhumid region. * The
equatorial zone of Uganda is affected by two main sources
of rainbearing air movements, both apparently controlled by
the migration and configuration of the I.T.C.Z2. : the south-
ea8t trace from the southwestsrn Indian Ocean and the west-
erly South Atlantic Tm zirmasses. In both cases, these
originally moist alruasscs are much wodified while trans-

versing extensive continental zas. Nevortheless the

zouth-east tradel although it has a shorter distance to

travel is apparently more modified than the westerly Atlan-
tic sirmass by the time they rsach Ugenda. This is presum-
ably due to greater loss ot moisture on ascent of the Zast

African Plateau (zn¢ vposcibly - in liedagascar) whereas the

*The validivy o1 tihe ollowing exolunstion has been questio-
ned in relation to mztzorological interpretation, but still
appears to constltute the best basis for a climatic
exposition.




latitusina: cource of the Atlantic air carries it over the
humia equatorial forest of the Congo basin. The passage
by the southeazst trade of the great expanse of Lake Vie-
toria replenicshes its depleted moisture, but the northward
deflection with adprozch to the eguator limits the effect
of this resusciivetion to a relatively narrow belt along
the western shore‘of the laxze. At the same time, the
westerly flow of South Atlantic air is forced to release
its moisture and prevented from extending its influence
eastwaris by the longitudinal alignment of the Rift shoul-
der. The Zastern inkole-~YViestern maseke climatic zone rep-
resents, therefore, & gap between the spheres of relatively
abuncant moisture supply.

The seasonal pattern is, therefore, clearly apparent.
April is the rainiest month all over East Africa (over 2")
marking the passage of the I.T.C.Z. over the equator and
the full effect of both sources of roisture on the equat-
orial zone of Uganda. It is also indicative of the heating
of the larger mass of the latiftudinally eligned northern-
hemi~continent and, consequently, of the relative enhance-
ment of the southeastern source of rainbesring =ir movement.
In Jeptember, when the hecting of the smaller, southern
half, of the continent connences, the southward curving of
the I.T.C.Z. resuits in the relative ascendancy of the

Atlantic aircace, which cttains its farthest eastward in-
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cursion in C¢ctober. At that time the centre of relasive
eriuity is situated on the shores of the lake. It is this
pattern which explains the relative enhancement of raintall
of the second wet season in Vestermn Ugunda. Dry seasons
occur when moisture supply Trom both sources is weakened
at the solstices. “he greater intensity of the northern
solstice drawing the South Atlantic air northwards =2né the
southeast trzce infto fthe monsoonal syster of southern asiea,
rezulids in a more prouounced dry season in June-July than
in J nuzry~February.

It is the ary season oI June-July, in which average
rainfall ialls below the limit of ecological efficiency
(25 mm.; (Philipe,]-1958), =dded to the general variability
ena low reiiebility (9:1 confidencs limit: less than 40"
in a1l the zone; less than 30" in the centres of relative
aridity) ol emnual rainiszil (Lanning 1951, 1956; Glover et
al, 1954) thet cetermine the ecological nature of the area.
The rainy seasons orovise Littie or no efiective woisture
surpius to carry plant growth through the dry seasons
(Sensom, 1954). Conseqguently, woody vegetation acquires a
specific semi-deciduous aspesct, anu grage cover is donminatad
by coumunities of relatively short grasses.

Within the licics or the stuay-area, orographic effect
on rainfall oppesrs to be limited to the Rwampara lountains

and, perhaus, w0 o sitignt £8hn eficet, ewst of the Rwampara,
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incressing the aridity of the Isingiro area. The main
climgtic differentiation concerns the rainfall gradient
fron the south central part towards the periphery. '“hile
the details of the various isohyets are apparently only
tentative for lack of sufficient meteorological data, the
pattern of vegetational ancé floristic distribution appears
to support at least a northward gradiemt of increase in

rainfall.
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lleteorological data for two stations in the area

Lyantonde
Hearara (4734 £t a,s.1.) 4150 £t asl
Relative Rainfall Rainfall
Temperature Humidity (O yrs) (25 yrs)
% {6yrs)
Yrs.
of c® &° 0500 1200 wm. inch | mm.  inch
record
Uean annual 21 20.0 €8.0 January 84 55 4.3 1.7% 51,9 2.04

February 86 53 §3.2  2.49 63,1 2.48

Mean znnual mawim. ? 26.2 97.2 Harch 8s 55 9.5 3.80 97.5 3.84

April 87 60 124.9 L.92 120.6 4.75

" " @inim. 7 13.0 55.4 lay 85 59 82.0 3.25 68.1 2.68
June 83 48 2h.6  0.97 21.5 0.85
Highest recorded 21 33.3 92.0 July 78 43 21.0 0.83 19.8 0.78 3

August 8o b6 62,5 2.46 57.5 2.26
Lowest record 21 10.0 50.0 Sept. &2 57 9€.3  3.79 99.1 3.90

October 83 62 105.0 %.13 112.8 4.4k

L - 'ighest monthly 7 19.0 £6.2 llovenber 8% £S5 115.3 L.54 117.9 L.k
B mean* (4pril)

Zecember 27 55 77.5 3.05 70.2 2.7%

Lovest monthly 7 12,0 £4.4 Year 84 55 913.2 35.95 900.0 35,42
mean* (July) .

Tast Africon Ueteoroleicnl Lepartment, Uganda Region (in 1itt., 1965)

* The digcrerzncy in re mean onnual temperature is due to difference
in punber of recor. =gan annual temperature for the last seven
12.7%

record yesrs (7750-100k) 15 18 9%,
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Geologic Control of iLandscape Pattern

=lements of landscape pattern

The landscape of the region between I.ake Victoria and
the Ritft Valley is very clearly differentiated into two
distinet elements which may be described as 'upland' and
tlowland! systems of relief features:

i. ‘fhe upland element includes relief features whose rel-
ative elevation above the scjacent lowland usually cicoeds
300 ©t., and which tend to have relatively flat crests and
steep slopesz. Crests of proximate features are apparently
accorsant at one or several levels.

2. ‘he lowland element is represented by foothill vediments
and low interfluve ricges eeparated by wide, flat-Tloored
valleys. Crest elevation is, usuaily, less than 300 f%.,
above the velley iloors and slopes are gentle to moderate.
Crest-form is variable and may be bevelled, domed, gently
rounded or "tor" - topped.

It iz the cifferential spatial relationship between
thiese elements :nd the diffsrential nature oi the features
of each eieuzent that give each part of the region its dis-—
tinctive charucter and for: the basis of physiographic reg-
ionalization within it. fThe ctudy area, as stated, extends
acroge o transition between iwo such physiographic regions,

one oI which is voninsted by certain types of upland and

the other - by certain types of lowlund. The transition is

4&3
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expressed in the presence oi an intermediate belt of
country in which upland ana lowland alternate both as
landscape units znd as individual features.
The differentiation into elemenis and their spatiel
relationships anu resultant lencscape pattern, corrzlate
very closery with the geologic patitern. Upland is formed

En

mainly by sedimentary or metasecimentary forsations which,
in the nrecent case, belong exclusively %o the Haragwe-
Aniolean System. Lowland is formed, as a rule, by granit-
0id rocks, whather intrusive or of the Basement Complex,
an. by the schists 0f the Poro System or those basad to

the laragwe-inkolean System. ‘/here upland features consist
of granitoid rocks or schists they are preservel by a cap-
rock of laterite duricrust.

Landiscape patterns reflect the extent and contimuify of

the sedimentary cover over the underlying plutonic or sch-
istose bzsement. The btransitionzl character of the land-
scape appears 1o reflect 2 decreasc in the abdsoluts or
reletive®{as) original thickness of the resistant sedinents
ani metazrediments. Another possible factor affzcting the
pattern is the netur.orohic grede of the sediments influen-
cing their relative coupetence. The pattern of the land-

scape ol tvhe ssudy-area, no doubt inuicates the graduality

*& relative thickness - the position of the contact
k the resistant ano non-resistant Tornztions

ion to the controlling bass-~level.
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implied by these factors. The South Ankoiean Highland and
the Xoki Hills, occupying thé southern part and the eastern
margin of the area form an extensive and continuous belt
of upland representing an extensive and continuous area of
thick Karagwe-Ainkolean formations. The Nyabushozi or
Tatonza plateau in the northern part of the area is an ex-
tensive lowland underlain by Basement granitoid rocks. In
between these two belts, in the interniediate zone, upland
units and ieatures represent discontinuous remnants of a
thin metasedimentary cover while the lowland units and
features represent exposed plutonic or schistose formations.

The extent and geographic position of upland and lowland
unitvs, thus correlates with the original magnitude of meta-
sedimentary and sedimentary cover. The extent and position
of lowland units reflects the degree of the stripping of
thisz cover. Conseguently, the diversity of lowland land-
scape can be recognised, not so much on the basis of their
extent as on that of lithologic and structural diversity
and consequent geomorphic evolution. the extent of upland
units is, on the other hand, a decisive characteristic of
the landscape znd the above correlation is raflected in the
existence of two najor types of upland landscape: blocks
of upland in which upland reatures are contiguous over an
extensive sres wn. represent areas where the original ab-

solute o1 reluiive mugnitude of the sedimentary cover has

&,
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baen considerable; residual upland in which upland feat-
ures are separated by various extent of lowland features
and representing areas where the original cover has been
of spmaller proportions.

Tithologic ¢nd structural control

Further variability of landscape within these general—
ized types of elements is conditioned both by lithclogic
diversity and structural nature.

Tithologic diversity is associated with differential
weatherability and the suspectibility of the different
lithologic components of the landscape is clearly reflected
in the topographic pattern and the nature of the landforms.
Naturally, effect of lithologic and structural control is
much more prominent in the resistant stratified sedimentary
formetions than in the incompetent massive plutonic ones.
Consequently diversification of lowland landscapesis less
conspicuous than that of upland and they should be classif-
ied on & different level and trected separately.

4 tentative order of suspectibility of the area's com-—
ponent lithology estimated on the basis of the existing
relief is represented in a series of decreasing weatherab-

ility and srodibility, as follows*:

*Phe tzble is based on average available relief as calcul-
ated from slenimeter measurements of altitudinal intervals.




Upland Lithology TLowland Lithology
arenaceous argillaceous plutonic metamogghié
Coarse~grained Tectonic
quartzite guartzite

Phyllite Coarse-grained

massive granite

Slate Granodiorite
Fine-grained . Foliated granite
quartzite

Gneissose granite

Shale Granulite

Iudstone Quartz-schist
Schistose and Mica-schist
nicaceous gquar-
tzite

faterite is not included in the above table since it
occupies a special position in relation to weatherability
and erodibility. Due to its specific genesis and relativ-
ely small age it is always present in small amounts in
comparison to other lithologic formations and occupies only
certain sites. GConsequently, vhile the mognitude of any
lithologic formation has becring only on the sum of its
weatherzbility, in a laterite duricrust it appears to be as
important as %he specific wéatherability. Tvidence from
the arez suggests that a laterite duricrust acquires the
geomorphic signiricance of a protective caprock only where

its tpiclmess cxceeds certain liwits, presumably dependent

on the corne tgne~ of the underlying rock. Actually it is
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rarely possible to determine these limits in the field,

since thickness itsell is usually related, among other

}
i

factors, %o the weatherability of the underlying rock. It
is, for instance, reasonable to assume that incompetent
rocks such as granitoids and schists will be scarcely com-
parable in resistance even to a very thin laterite crust.
~;%% In fact, a laterite crust appears to be the only type of
rock which preserves upland features in areas of exposed
plutonic and schistose rocks, but attains over them, almost
invariably, considerable thickness. On the other hand,
evidence Trom the study-area shows that on guartzite, th-
ickness of laterite is usually small. Tven where it does
reach considerable proportions there are clear indications

to the fact that it is not the competence of the crust

which protects the crest of a guartzive hill, but that of

the quartzite which preserves the crust. Pr%sumably, o
vartzite,

attain a resisitance comparable to that ofYa laterite crust

i shoula be very thick. As %o the competence of laterite in
relation to sther lithologic formations situated between

these two extremes, cthe impression gained from the evidence

of the stuly-urea is that a laterite crust, 3-4' thick, is

epproximately intsrneciate in corpetence between phyllite

Coszrusely crystalline quartzite also cccupies a special
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position in relation to the competence of other rocks. k
Its position at the head of the competence — series is l
somevhat deceptive. Not only is it the most insoluble of
rocks but the difference between it and the next rock in
the series - phyllite, is much greater than that between
phyllite and shale. Its very high resistance makes guar-
tzite one of the most important factors in the moulding of
the landscapes. It forms, in fact, the framework of the
upland. Uplané features formed of guartzite or of other
lithologic Tormations interbedded by a considerable number
of quartzite strata or by few massive beds of guartzite are,
usually, higher than comparable¥* features formed of phyllites,
shales or mudstones =zlone. In the lowland, where quartzite
outcrops occupy a much smaller area, either interbedded
with the KaragweQAnkolean basal schists or as tectonic veins

in the plutonic basement, it always stands out above the

surrounding country and its relative abundance, area and
pattern may serve as one of the criteria for distinguishing
types of lowland.

Geologic control of upland features

The proportion of guartzite in the lithologic succession
is a leading factor in the determination of upland pattern.
where it dominates the succession, it preserves, besides
altitude, the topographic continuity of the orographic pat-
tern throughoui th: uplans block. Ridges are formed

FCompurable - n-oigned in parallel to the axis oI the maximum
regionul upwary -2 thut 1ts etfect may be disregarded.
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rather than separate hills and crests are usually contin-
uous. Where interrupted, either by cols or by an abrupt
preak in slope, the interruption is never profound enough
to disrupt the unity of the ridge. This pattern of inter-
connected, continuous and contiguous ridges forms what may
be termed an upland mass (Fig. 2). Where quartzite is
absent or scarce, il.e. - where the argillaceous succession
includes only few, thin and discontinuous guartzite beds,
the topographic continuily of the pattern is disrupted.
Former ridges are dissected into series of hills aligned .
along the ridge-line but separated by sharply defined cols.
tiost of the South Ankolean Highland blocks form upland nas-
ses. The Koki Hills, on the other hand, ares mostly "hill-
series", as is the Chamburara upland block (Pig. 3) and
perhaps, also, the upland features of the Lower Ruizi basin
in the Nshara block.

structural control is added %o that of lithology in
the further diversification of landscape patterns. The
upland mass type of landscape is Ffound in two main combin-
ations of structural design and iithological succession:
in the first geologic type, a mixed succession of phyllite
and quartzite, in which the latter is subordinzte (40-455
in the thickest cuccession) is arranged in a system of sim-
ply ramified mejor folds extending over considerable dis-

tances and usuwily devoid of subsidiary folding. The
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moara .ountains. In the

lgingiro Hills, quartzite

1
(95-G7<. to 53-60:" in the
uvper part of the succession zbove the bacal, lowland,

which is arrenged in a congslex synclinal structure,

conpeeel of nawy Jivergent, main and cross—trend subsidis

Ty
folds. chough tho geoslogy of the Isingirc Hills is not yet

B

the overall inpression is th=t it respres-
part of ithe rarague-Ankolean cuccession, ;

oraaordnatal; ergillaceous mwampars succes-—

iimised, petches of phyliites overlying

the gasrtzites in minor synclinal stiuctures and the incr-

r

-sing extent of upper phyllites towzrds the eastern parts

5f the Isingiro Uille, where the major structure =nd the :

succescion &8 a «ndle bacome challower, seer to support this
poseibiiity. 4noth=sr cousoicating ferture of the geology

is the fact shot within the succession the metunorphic grade

5f course, mors reniily evident

ia soveral

anticiines, conetivute the it

Vioot Lepbhocon Shioo L Thogu=—olUwB. Jlere a pluvonic core
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45 .
surrounded by a schistose aureole intrudes into the anti-
clines, lowland embayments may be formed within the upland
mass. Individual ricges within the synciinal structures
are usually separated by upland subsequent valleys in the
less competent phyllites. Both ridgzs and valleys are,
thus, conditioned by the strike of the structure and tend
to be long and narrow, (Fig. 2). Paulting appesrs to ex-
ert little control probably because the effect of differ-
ential lithology tends to erase or mask it. Only in few
cases can the topographic pattern be related %o a fault-
line origin and this only where the strike of the fault
happens to coincide with the strike of a quartzite bed on
the upthrow side. The effect of structure is less apparent
in the more complex geology and homogeneous lithology of
the Isingiro Hills. The orograﬁhic pattern does not con-
form with the major structure and structural control is
observable to a limited degree in only a few places where
spur and valley patterns reveal a subsidiary fold structure.
ifhile there is some correlation between the pattern and the
strikes of the guartzite strata, the complexity of the
structure makes it much less regular than in the previous
case witn the ridges broader and shorter. Towards the per-
iphery of the hill-masses, however, the thinning out of
the resistant succession and the inter-bedding of less

resistant strata such as phyllite, schistose phyllite and
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: schist causes the pattern to be more similar to that of

residual upland. The effect of faulting is more apparent

e in this geological type where Taults may exceed the dimen-—
; sions of many minor structures or transect the larger ones.
The mein influence appears to be in creating lines of
weakness along which denudation may breach a resistant
stratum and act upon a less resistant one (Fig.5). In fact,
a considerable part of the dissection seems to be centrolled
to some degree by faulting.

ianifestations of structural control in the 'hill-series!

type of upland, such as the Xoki Hills are,as indicated by

the scarcity of guertzite, limited and can be observed
mainly on a local scale. Niinor folds associated with out-
crops of guartzite occasionally determine the configuration
of slopes znd crests and the location of spurs and gullies
(e.g. Chamburara Hill). ZIarger anticlinal structures in

shallow parts of the succession may cause the exposure of

the plutonic or schistose foundation and the formation of a
lowlend unit within the upland (the Burakati and Buyojwa
inliers, Phillios, 1959). In major, very extensive, struc—
tural systems with a2 consistent trend of a strike and dip,

an outerop of a quartzite bed extending over great distances

results in a long ridge-line breached into a2 continuous ser-
ies of elongated, narrow-crested ridges (Kamengo-Kayonza

ridge line). On the whole, however, the nature of the
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lithology - usually of comparatively low metamorphic
grade - ténds to obscure structural control.

Fragmentary evidence renders the interpretation of
structure in the residual upland at best difficult and
tentative. Specific circumstances connected with the
lesser magnitude of the sedimentary sheet, undoubtedly
condition the formation of specific upland features but
geological control by this formation is at times difficult
to discern. One of the major characteristics of this belt
of residual upland is the intrusion or doming of granite
into the sedimentary succession and the creation of a sch-
istose aureole or -~ originally - a schistose envelope in
its basal part. This relative uplift of the base of the
resistant succession has brought about the formation of
enclosed or semi-enclosed areas of low ground which
Wayland (1921) has termed ‘arenas'. Plummer (1960) suggests
that the intrusion is connected with an extensive doming
or with a broad anticlinal structure flanked by synclines.
Where situated between two such domes these flanking syn-
clines are characteristically narrow and their axes swing
around the dome structures. The small breadth of the
synclines resulte in the breaching of the resistant meta—
sediments preserved in them znd the break-up of the original
ridge intoc = range of hills separzated by gaps of lowland

or very low cols. ihere thick quartzite beds are situated




- 49--
in the upper part of the local succession the individual
hills may attain a considerable relative elevation. The
Nyamitsindo ridge-line separating the Masha arena from the
Lower Ruizi basin and the Bihunya-Kabulangire-Kishasha
range, separating the Hasha and lbarara arenas, exemplify
this situation. (Figs. 6,7).

Another type of residual upland is exemplified by the
Lower Ruizi basin itself and by the Sangs Hills to the nor-
th of it. It is characterized by the separation of upland
features by tracts of lowland - usually, vediment-flanked,
flat-floored valleys. The upland fsatures of the Lower
Ruizi basin differ from those of the Sanga Hills in the

preservation of an orographic pattern. The hills are as

yet aligned along the original ridge-lines as they are in
the 'hill-series! type of upland blocks, but the ridge-lines E
are separated by lowland pedimented valleys. The Sanga Hills
are situated on the margin of the sedimentary sheet, where
its thickness is, apparently, smaller. Accordingly the
orsgraphic pattern has been at least partiaily disrupted

and the individual hills no longer have a consistent topo-
graphic coherznce along ridge-lines. Towards the margin of

the Basement, where the basal schists are exposed, the north-

ernmost Sanga Hills have special geologic traits which
distinguich thew from other upland features within this unit.

rthey are eithor cowmposed of tectonic guartz or preserved by
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a fairly thick laterite crust. Such a crust is a common
characteristic of most features in this type of residual
upland but in the northern Sanga Hills it is the sole
reascn for the preservation of upland features on the high-
ly incompetent schists.

Sepazafing the Lower Ruizi basin from the Sanga Hills
is +the Ntarwete — Kalkunyu ridge, constituting a singular
and outetanding feature of the residual uplangd. Whereas,
in the Lower Ruizi basin and the Sanga Hills metasedimen-
tarv quartzite is entirely absent, the succession in this
ridge consists of a very thick quartzite stratum overlying
& rixed sequence of argillite and gquartzite. The upper
guarbtzite forms the whole of.the twenty miles long broad
crest and confers on the ridge its outstanding altitude
and cpntinuity.

The structural basis of these Landscape units is as
yet attended by doubts, though Flummer's as yet uppublished
report may include asvexplanation of it. The Lower Ruizi
basin represents, perhaps,a preliminary phase in the pro-
duction of another arena. It has the basic topographic
attributes of such a structure and the argillite of the low
ground or, vernzps, even the soils of the lowland valleys
may be underlain by a schictose mantle at no great depth,
The Ntarwetc%ﬁaﬁunyu ridge, bounding the basin on the north

an¢ east, inss not, apparently, represent 2 single simple
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structure as does the Hyamitsindo syncline bounding it on
the south and west. Plummer (1960) imolies that it consists
of a system of parallel major folds. Only the flanking mem-—
bers of this system, the longitudinal ridges of Ntarwete on
the east and Tishakazi-Chai on the west, are fully repres-
ented, whereas the intermediate ones are observable only
naroially in the meandering lineament of the latitudinal
Kakunyu ridge. Plummer also implies that the Ntarwete Told
assemblage is related to the folded structures of the
Rwompara end Gayaza to the south, but the relation is as
yet obscure.

A few isoiated features appear solitary within the Llow-
lgnd. ‘The majority of them are situated north of the Sanga
Hills in the central part of the Xatonga divide. The pat-
tern of their distribution, however, does not coincide
with the latitudinal alignment of the divide. On the con-
trary, with other similar features to the north of the
study-area, up o ilirubure in central Nyabushozi, the pat-
tern is decidedly longitudinal, along the higher midrib of
Hlyabushozi separating the libuga lowland on the west from
the Bastern Hyabushozi lowland on the east. Common to all
theze hills is the thick laterite crust surmounting a deep-
ly weathered layer of granitic or gneissose rock (e.g.
Omukate). 4 somewhat aifferent type of a solitary upland

fewture is reorzcented by the Warukiri Hill on the border
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of the Ishura lowlangd, east of Lake Iburo. Laterite pro-
tects, here, basal mica-schists but is apparently bolst-
ered by a fairly extensive outcrop of guartzite. The
principal difference, however, is in the location of the
feature aside from the main divide of the lowland which,
characteristically, carries no laterite even at higher.el-

evations.

Geologically conuitioned upland landforms

Slope form znd disgection

A closer investigation than the present one is neces-
sary in order to isolate the numerous factors and various
vieys in which geology affects the evolution of slope forms
ané upland valleys. Even rock-types as grouped above, can~
not be used as a key for classifying and explaining these
forms, since no single rock-type is untirely homogeneous
within one upland unit or one type of succession. The
complexity of some ctructurcs a2lso causes numerous variat-
ions in Torm, Jifficult to . lassify znd isolate. Consequ-
ently generalizotions of geologic effects have many excep-
tisns znd are, necessarily, schematic.

lionetheless geologic heterogenslsy does not obscure
Jifferential effect oi major geologic assemblages. 1t thus
seens possible o buse generalizations of slope form and

erosional develo;

:nt on the tisposision of the major up-

lang rocii-types, nemely - guartzites ond argillites within

i
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the nmecrostructural frame and on their specific weatherab-
ility as conditioned by chemical composition and microst-
ructural properties.

Hetasedimentary guartzites of the upland, besides being
extremely insoluble are also massively bedded and possess
an open jolnt lattice. Consequertly, guartzite outcrops
4en. 0 break-up into boulders and generally coarse waste,
which in turn decomposes Girectly into grains. Verlations
in webemorphic grade are reflected in the size of primary
wacte Tragments so that a rock approaching sandstone decom~
poses directly into grains. Rate of weathering end erosion,
thus, changes with the change of metamorphic grade which
is expressed, in certain cases, in an admixture of soluble
micaceous minerals and acquisition of schistose microstru-
cture. Argillites, though including several rock-types,
heve 25 a group a close-latticed interstice pattern, beside
being chemically more soluble than quartzite. They decom~-
pose into a comparatively fine viaste at a gpeedier rate.
Shale and mudstone tend to disintegrate as a whole, direc-
tly into very fine waste, while phyllites and slates first
break into fragments along intersticedl planes.

Under the elimatic conditions of the area, the ratio
of waste production to waste removal is apparently low on
unprotecte¢ slopes whose angle exceeds a certain limit

(epvroximasely 10° - 15°). Fine waste is speedily removed
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leaving the bedrock of the backslope relatively bare as
it is deposited on the gentle footslope. Coarse waste of
large fragments, blocks and boulders, on the other hand,
is retained upon the slope, msntling the bedrock, preserv-
ing & high angle of rest and meintaining z relatively ab-

rupt anzle with the footlope. A €oarse Waste mantle on

th- slope serves also to imPede the removal of finer waste,
obstructing its downslope erosion and protecting it in the
inter-fragmental spaces. Such accumulations of finer waste
may promote denser vegetation and consequent differential
weathering and formation of bench~like flattening of the
slope. Such slight flattenings may be formed also through
differential subsidence of the coarse waste with removal of
supporting finer waste.

The main process of upland dissection and slope evol-~
ution is gully erosion and development. Gully distribution
on slope is primarily related, as observed by Savigear
(1960}, to their steepness, but also appears to have a st-
rong direct geologic control. Contary to Savigear's (ibid)
evidence from Vest Africa the differentiation of gully-
distribution into linear and irregular patterns is not
simply governed by respective bedded and massive structures.
Both types appear on subhorizontally bedded slopes and are
reloted directly to macrostructure and lithology or indir-

ectly through the geological effect on the average angle

of slepe.
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Itrike-slopes arey, as & rule, preminently stecper than those cul across
the trend cf the strike. This results presumatly from the fact that slopes
cut across the st¥ke are usually sbhorter =znd present a larger surface to er-
osive action. The phenouenon is apparent mainly in simple structures where
the strike trend has a consistent continuity over considerable distances. 4
conspicuous example is derived from the comparison of the outer eastern slope
of the Rwampars liountains with the northern ard southern ridge ends. The
fluted aspect of the steep strike-slopes, incised by a sub-parallel linear
rattern of jullies, is a characteristic landscope feature of the area. It
is less apparent in a complex structure or vhere lithology prevents consis-
tent coincidence of strike trend and slope lineament. levertheless, wierever
such coincidence occurs, even over short distances the slope are characteris-~
tically z*eep and fluted. Generally speaking then, simple structures of
major sub-parallel folds show a linear vattern of initial gully and a subse-
quent upland discection while cemplex structures of minor folds show an
irregular pattern.

The basic difference in the nature of slopes formed on quartzite and
argillites entail differential gully development and upland dissection. On
a theoretically homogencous ouartcite slope with a steep angle of rest of the
debris mass against a convex tedrock Tace, gullying starts by abstraction of
runnels winding through the waste-mass. Usually the waste-mass does not
cover the whole of the bed-rock face. A scarp-like outcrop of a guartzite-
bed is 1zt above it, at the junction of the backslope and the crestclope.
The scarp-like effect is also conducive to the inﬁ%&ion of gullying by the
concentration of seepage through the open interstice and the break of angle.
Gullying is, thus, unequal, its initiation being dependent on angle and
height of slope and massivenesc of the out-crop bed.

The process of gullying is initiated by incision into the waste-mass
and downcutting until the bedroch ic reached. Obviously this phoce is at-

taine? earlier on th~ upslope purt of the debris cover, vwhere the thickness

of the waste-moss ic £.zll. The dewnslope diminution in the rate of down-

cutting iz mztched by 2 cimiler diminution in the rate of lateral erosion
ot

the flanks of the gully.
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gimultaneous headward erosion from thé outlet of the gully on the foot-
slope will impart to the well-developed gully a characteristic profile
and form. It will possess a funnel-ghaped cliffed gully-head and a
fan-shaped outlet, with a narrowing cross-section in between. Where
the cliff-like quartzite at the gully head is initially absent, back-
ward erosion of the gully-head will encroach on the crestslope in a
shallow depression of converging incisions and steepen abruptly at the
eroded junction with the backslupe, (Fig. 8). Where gully diss:ction
is closely spaced waste mass is soon consumed by lateral erosion and
the bedcsck of the gully interfluves is graded to reflect the profile
of the gullies to which it is tributary. Vhere spacing is wider, the
interfluve may develop new independeni gullies or evolve through con-
tinuing waste-production and runnel erosion. There is, thus, a con-
tinuous retreat of the whole face of the slope without fundamental
change in the average angle, effected by continuous discrepancy in

the rate of backward and lateral erosion of constant or intermittent
gullies, until the crest is consumed and different conditioms of
height and angle attain.

On a theoretically homogeneous argillite slope, gullies may be
initially ofulineaqbattern on steep strike slopes though argillite
strike slopes are on the average less steep than on guarizite and
gullies are more widely spaced. Since waste cover never atiains con-
siderable quantities the rate of downcutting and backward erosion is
not subject to change and lateral erosion gains upon it only after
the profile is graded. Consequently, gullies on argillaceous slopes

gsoon develop into valleys dissecting the upland mass znd the contin-
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uity of slope lineament is disrupted. Gully heads are not cliffed
as a rule and usually ascend smoothly up into the crestslopes
(Fig. 9). Since the microstructure of argillites is rarely evenly
spaced, lateral erosion in headward eroding gullies soon favours per-
pendicularly trending weaker belts, especially if they coincide with
the strike so that regularity of dissection pattern is not destroyed.
Instead of the approximately simultaneous and equal erosion of the
whole front of a quartzite slope, the argillaceous slope is reduced
by deep dissection and fragmentation into progressively smaller upland
features, attached ard consumed on all gides.

As observed’lithologically homogeneous slopes are rarely met with
and the preceding outline of geological effects on slope form and ev-
olution is largely {heoretical and schematic. It serves only as a
basis for an attempt at classification of actual slope forms.

In simple structures such as the Rwampara Mountains and the
Gayaza hillmass, strike-slope forms derive from the nature of the suc-
cession which is either alternate gquartzite and argillite beds or
wholly argillaceous in the centre of the structure. The alternate
succession, however, differs in nature as to number of quarizite beds
and their thickness and slope forms differ accordingly. Variations
of alternate successions may be abstracted into three generalized
types. In the first, the thickness of beds of different rock-types
does not differ significantly and several quartzite strata outcrop
on a single slope. In the other two types the succession consists
of one very thick guartzite stratum which either underlays or tops

an argillaceous layer of lesser dimensions, which may be interbedded
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by thin quartzite strata.

In the first type, well-exemplified in the northwestern slope
of the Gayaza hillmass, intergully profiles represent a coﬁposite
of several elements. Each element consists of an upper quartzite
outcrop, surmounting a backslope of debris and a gentler slope of
underlying argillites, terminating at the outcrop of the next quar-
tzite band. The gentler slope of the argillaceous layer may enable
deposition of finer waste as a footslope. Angles of the different
facets of each element obviously depend on the surface area of each
rock-type outcrop, the higher value being associated with the smaller
area. Gully profiles are less affected by the lithological altern-

ation and are, as may be expected, controlled by the quartzite mem-
bers of the succession. Since the dip of the strata in these struci-
ures is quite steep the overall development of the profiles is char-
acterized not by parallel retreat of elements and facets but by a
diagonal downward regression coinciding with the angle of dip. In
consequence, a marizite facet on the interfluves correlates with a
lower outcrop in the gully bed (Fig. 1Tj.

Dissection of the upland in such alternate successions follows a
breach of a higher quartzite band by the gully and capture of the
crestslope drainage. There is then a change in incision pattern at
right angles to the direction of the initial gully and following the
subsequent trend of the argillaceous band. With the retreat of slope
some remnants of the lowest quaritzite band may be preservedin the

positions of former interfluves, as outliers to the mass, or as semi-
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isolated parallel ridges.

Similar outliers conditioned by relatively thin guartzite bands

occur where these form part of a lower succession underlying a mas-
sive quartzite band. The Ntarwete ridge of the Nshara Mountains, is
an example of such a succession. Slope forms are dominated by the
upper quartzite, whose debris partially covers the underlying argil-~
lites and produces a typical quarizite slope, except for the several
outliers revealing the alternate nature of lower successions. In the
opposite case, such as the Nshungyezi ridge, where quartzite forms the
lower ¥ of the succession, the slope differs from the typical yuart-
zite slope in the absence of the characteristic quartzite scarp and
the presence of a smoothly convex upper slope similar to that found in
an alternate succession. The altitudinal limits of the upland within
the area, usually preclude the preservation of another complete guar-
tzite band above this argillaceous bed, in such a type of succession.
Remnants of such a band occur forming as a rule part of the crest, and
in certain cases they are represented by abberant crest-elements,
clearly controlled by lithology.

Forms of slope and dissection on complex structures are nostly
aifficult to explain. In part this is due %o the fact that the com-
plex structures of the area possess special lithologic characteristics
and in this respect are entirely different from the simpler structures.
The lithology of the predominantly arenaceous succession in the
Taingiro Hills is, apparently, much more heterogeneous than the aren-~

aceous members in the Rwampara, Gayaza and Nshara upland. ILitholog-
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ical reaction to geomorphic processes though similar in details, res-

I

ults in different landforms. Minor structures explain many peculiar-

ities of form and dissection but not all of them., Lesser resistance

of lower grade or schistose arenaceous strata and admixture of sus-
pectible minerals explain other peculiarities but do not combine with
structural characteristics to form a comprehensive explanation. Some.
of these inexplicable features are probably derived from geomorphic
evolution which has erased geological diversity and no douvt the still
incomplete kmowledge of geological detail hampers understanding too.
Similar problems arise in the predominantly argillaceous succession

of the Xoki hills which are composed from relatively incompetent sh-

ales and mudstones. But in these areas geology is better known and
the general impression is that peculiarities of landform derive mainly
from geomorphic evolution of the landscape and are geologically con~
ditioned only in few cases such as the straight range of narrow ridges

produced by aun isolated thin quartzite band east of Kinota and the

Buyojwa lowland inlier derived from the exposure of granodiorite
basement in an eroded anticline.
In the Isingiro Hills, slope profiles and valleys forms are in-

fluenced to some degree by a lesser mean altitude which may presumably

represent a result of both geomorphic history and less competent geol-

ogy, but on the whole the mechanism of their development seems to com-—

bine processes itypical both to resistant and non-resistant lithology. ;i

Vhere some slopes are formed on uniformly resistant strata, such as i

the slopes of the Karuruma valley and the western slopes of the

Wemeriti ridge, the profile is essentially gimilar o the generalized
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type outlined ébove, except that its average angle is closer to that
of the argillaceous slopes and it has only intermittent scarp-features.
Apparently, however, this is not a widespread occurrence. Usually
angles of slope are noticeably lower then can be expected on resis-
tant rocks snd gullying is comparatively widely spaced. kAlthough
coarse waste mantles most slopes, it is thinner and of smaller frag-
mentr~size and is frequently supported by an outcrop of resistant rock
at. the base of the slope. -The prevalence of deep dissection, guided
irregularly by minor structures and faults and the occurrence of semi-
isolated spurs and outliers add to the evidence of successional
heterogeneity.

4 special type of slope is produced in the area by the occurence
of thick duricrust cappings on individual hills. Such occurrences,
as will be discussed below, are concentrated in certain parts of the
study area, where comparatively thick laterite is found mainly on
argillaceous hills tut also, in one case at least, on a hill formed
by a quartzite ;ein. In both cases the profile of the hill-slopes
differs significantly from the classic laterite profile desecribed in
Buganda and found within the gorthern lowlands of the area. While
possessing a nearly flat crest and lacking the typically convex up-

per slopes of other upland features of the area, the laterite scarps

never very high, is always gituated a certain distance away from the
edge of the crest (Fig. }13. The general impression is that the thick
laterite cappings found on thesé hills have both a gpeedier rate and

a different mode of erosion than the underlying pedrock. The duri-

* p. 154
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ecrust ceritainly forms a scarp-like edge which tends to disintegrate

* ‘»' into coarse fragments and blocks. It is eroded away through the
retreat gf this scarp; and this retreat has overtaken the retreat of
the underlying bedrock slope. As can be deduced from this feature
the laterite crust in these cases is not associated with the typical
underlying mottled and pallid zones and rests- directly on fresh rock,
This fact, of course, has important bearing on the origin of the
thick crust.

Upland valleys

Upland valleys differ from the lowland valleys which peneirate

or intersect the upland mainly by the absence of easily recognizable

valley floor pediments ag different from footslopes of deposited fine
waste. Except in major strike valleys or denuded minor anticlinal
siructures, upland valleys lack even footslopes and appear youthful
in section. In most cascs‘even major wide-floored upland valleys

have ungraded long profiles, with one or several knickpoints.

As observed most of upland valleys are geologically controlled
askvident especially in simple structures. Drainage pattern can be
Coreedated
easily (with the strike of argillaceous bands in alternate successions
or of comparatively incompetent 1ithology in more homogeneous succes-

sions. KWickpoints in these subsequent stream-beds are, in most cases,

correlated with change of direction and a breach of a resistant bed.
In the complex structure of the Isingiro Hills, geological control

is also evident in most cases, with the valleys correlated with faults,

with minor anticlines or with the strike of a relatively incompetent
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bed. However, as stated, geological conditioning cannot explain the pattern
or form of all the valleys.. The only area in which dissection pattern and
form appears to be only subordinately correlated with geology is the Koki
Hills vhere, as observed, lithological incompetence obscures geological
control.

Cross-section of the strike-valleys dissecting the alternate success-
ion are markedly asymmetrical. Valley sides on the "consequent" flank are
’usually more gently sloping than on the "obsequent' flank. Differential res-
istance end erosion on both flanks is associated with dovnward lateral mig-
ration of the stream bed, increasing the asymmetrical effect. ‘here the
velley crosses the strike of a resistant band it narrows and its cross-sec-
tion tends to be more symmetrical as are most valleys at right angle to the
strike (Figf?EZ). Faults coincident with strike reverse the profile of the
cross-section where they are aligned along the "consequent! slope as in part
of the Kaharo valley of the Gayazza hillmass or accentuate it if they are
aligned along the "obseguent" slope (Fig. 13%. The lack of data on details
of geology prevents accurate analysis of valley forms in the Isingiro Hills
at the present stage but on the vhole it seens that there is a wide range
of variation in lithologic competence and valley forms derive from differential
interplay of lithological and complex structural charactefistics. Structure
may have a prominent effect on the slope of one flank of the valley, where
it is cut across a resistant stratum, while the opposite slope on a less com-
ratent siratum, ctructursl effect may be entirely obscured. This is apparent,
for exanple, in the likesa cnd Hararuma valleys. The only case in which a
structurnl festure ecreric censistent, though by no means general, influence

on valley form irs, o obnarved -bove, where a fault creates a weak line
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across a resistant stratum to a succeeding less-resistant one. Against
the background of factors independent of local geology, such as differ-
ential local base-levels in the surroﬁnding lowland and changes in climat-
icelly conditicned geomorphic processes, the wealth of variety in valley-
form necessitates closer scrutiny for adeguate generslization, (Fig. 14).

Geologic control of lowland features

Combination of incompetent lithology and the absence of macros-
tructure against. a background of prolonged geomorphic evolution, tends
to minimise the effect of geology in lowland landscapes. Geomorphic
differences between lowland units and features of diverse geologic
nature are, thus, never of the same order as those of the upland and
the landscape of the lowland is essentially similar in the whole of
the study area.

Resemblance of lowland landscapes results from geomorphic evolut-
ion of similarly incompetent. 1ithology and the development of a very
deep weathered mantle wvhich equalizes lithologic diverQity and masks
structural peculiarities. Nonetheless initial geologic diversity can
be discerned in the nature of several geomorphic features and in their
pattern of distribution.

Lowland, as observed, is formed over two main types of lithology -
basement granitoids and overlying schists of the sedimentary systems.
On the whole, it appears that the schistose lowlands, e.g. the Nakivali
- Mburo and the Ikariro -~ Bwarkasani lowlands, have a more subdued rel-

ief than those formed on basement rocks. Certainly, relative altitude

is less diverse and drainage pattern more regular and these consistent
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characteristics cannot be related solely to the pattern of geomorphic
evolution. The schists underlying the lowland form, as mentioned, the
basal part of the Karagwe-Ankolean succession and the Toro System pro-
bably representing argillaceous strata metamorphosed over an igneous
basement. Coasequently, quarizite bands may be interbedded with them,
etched out as ridges rising above the surrounding lowland. Prominent.
examples are the Mulambiro?%g'the eastern Nakivali lowland, south of
Lake Ruma, which is separated by almosi two miles of lowland from the
Rugaga hillmass to the south, or the Hbala ridge in the western Ikariro
lowland south of the Rugaga hillmass. A less prominent example, sit-
uated closer to upland units is the Rwambisengera-Biharwa range of low
hills in the south-western pari of the Masha arena, at the foot of the
Rwampara Mountains. It represents a basal stratum of the Toro Systen,
separating it from the plutoniec inlier of the arema. Generally speék—
ing, however, all these intra-lowland quartzite ridges, except perhaps,
the Biharwa Hills, are much less altitudinally prominent than could
have been expected by their lithology. The basal guartzite of the
Karagwe~Ankolean system, outcropping broadly north and northwest of
Lake Kazuma and between it and Lake Bwala, is not very noticeable in
the relief. In any case it does not result in greater relative relief
than that of the porphyritic granite to the north of it. This is, pos-
sibly, due to the nature of metamorphism within the schistose zone and
the closer proximity to the underlying igneous activity.

Schistose lowlands are perhaps genetically related to arena-lowlands

which usually have a metamorphic schistose aureole of varying extent.
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1t is possible that they represent an intermediate stage in the geo~
morphic development of an arena, following the erosion of overlying
phyllitic strata and preceding the sxposure of the undexlying plutonic
core. An earlier stage is perhaps represented, as already observed,
by the Lower Buizi basin. The possibility is attested by a strong
similarity in the nature of the upland slopes, surrounding both arenas
and schistose lowlands all of which show consistence of angle, height
and lineament. indicating equivalent development in spite of geological
diversity. In true arenas, where the granitic core is exposed, mean
relative relief is greater than that of schistose lowland, attaining\
as much as 350 ft as compared with 200-250 ft in schistose lowlands
The irregularity of the drainage pattern which may be associated also
with the more massive nature of the lithology is even more noticeable.
The schistose aureoles of arenas and schistose zones at the margin of
the sedimentary cover are characterized, on the other hand, by the oc~-
casional presence of quartz veins, probably intruding from the under-
lying basement through the thinning cover of schi@ts. As a rule they
form sharply conspicuous ridges that may attain a relative relief of
over 400 ft. The Hyabishozi Hill in the Masha arena is a conspicuous
example within the study-area; another example is the Kyibega Hill,
the westermost of the Sanga Hills.

In the granitoid lowlands quartz veins and other outcrops of tec-
tonic quartzite are disposed in pelts following the tectonic trends of
the structure. Most of them are aligned along the main trend forming

ridges or ranges of prominent hills characterized by smoothly curved
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crests. Some of these belts can be traced over long distances as for
instance, the Buringhanira ridge, in the eastern Ishura lowland, west
of Lyantonde. The number or density of such belts, their continuity
and trend may be used as criteria for classifying granitoid lowlands,
since their expression in the relief is very conspicuous and character-
istic. Thus, the lMbuga lowland in the northwestern part of the area
beside being of more subdued relief is characterized by relatively few
gquartz veins following the cross-trend to the NNE, while the Ishura low-
land in the centre of the area is transacted by as many as seven belts

(Philips, 1959) of quartzite, some of them continuous over more than
five miles and all following the main-trend between NW and NNW. The
Nyabushozi lowland reveals intermediate characteristics.

A feature which distinguishes arena ilowlands from other granitoid
lowlands is associated with outcrops of the bedrock and the formation
of a "tor" -like inselberg landscape. The evolution of these landforms
has been inveztigated and discussed elsewhere. The most applicable
theories, both based on Linton (1955) are Savigear's (1960) in West

Africe and Ollier's (1960) in Ugenda. "Tors" or other types of bed-
rock outcrops rarely appear in arena lowlands of the study area. They
are abundant in the Ishura-Nyabushozi lowland and possess a discernible
regularity of distribution. Measuremenis of joint and foliation planes

and density in the granitoid rocks ave insufficient to attempt a study
of this distribution, btut the application of Linton's theory seems very
appropriate. In the Ishura lowland disposition of hill-top "tors" is

closely correlated with the predominant tectonic trend and thus ~ with

the distribution of quartz ridges, usually appearing on intervening
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ridges. In the Mbuga lowland they are considerably less abundant,

both cases being accordant with the distribution and abundance of

f; quartz veins. Absence or scarcity of outcrops in the arena lowlands

of the area (they are abundant in other arenas, such as the Chitwe
8 arena in souih Ankole), are probably related to more homogeneous close-

latticed microstructure of the granite and to younger erosional history.

The Nature and Distribution of Levels

The differentiation of landscape into two major elements - upland

and lowland - and the indication that each of those elements is char-
acterized by a relatively planed surface, brings to the fore one of
the major problems of geomorphological study in Uganda and in Africa

as a whole. The significance of planed surfaces and their evolution to

the present study is obvious. The main aspect of correlation beiween
lzndforms, soils and vegetation is asgociated with the differentiation
of level and inclined surfaces and sites. Multiplicity of altitudinal

jevel surfaces msy indicate also differences in age and implies the

attendant diversity in the genesis and nature of associated soils and
the consequent differentiation of vegetation.
In the preceding chapter the importance of geological control

ds a primary factor in the differentiation of the main elements of rel-~

jef and of types of landforms within them, is discussed. At the same
time it was implied that there are many manifestations of general Lj
landscapes and of jndividual landforms that cannot be explained by
geology alone or by geology at all. Mosit of these are associated with

the level and apparently accordant crests of upland features and the
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presence of different levels of crests on geologically similar fea-
tures and, conseguently, indicate the effacement. of geological dif-
ferences through prolonged geomorphic evolution and the formation of
one or more planed surfaces truncating competent and incompetent
1ithology at the same level.

The following chapier is concerned with the elucidation of the
nature and distribution of these planed surfaces in the study-area.
But since this elucidation is baged on extensive previous work, it
is necessary to precedeiit by = review of relevant ideas and theories.

Erosion Surfaces and Landscape Evolution - review and

comment

The study of African geomorphology has always been ‘and still is
concerned mainly with aspects of cyclic landscape evolution as ref-
lected in the characteristic presence, in any one region, of a nun-
ber of distinct surfaces separated by scarps of varying heights and
prominence. Ro doubt, the maintenance of this focus of interest
stems from the lack of general agreement in the interpretation of
these surfaces and the solution of the problems involved in it.
These include the number of stages or cycles represented, the mode
of origin and development of the surfaces, their dating and correl-
ation from one region to another and their interrelations within w
each region and, also, the nature and significance of gurface dep-

osits, notably, laterite.

1. Uganda's "Classical” Surfaces (Table 5, 2.3%)
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(a) The seguence of surfaces

The concept of a sequence of stages in the evolution of Uganda's
1andscape was introduced by Wayland (1920, 1921, 1926) who later es-
tablished the existence of three major stages. These he originally
thought to have been terminated in the formation of peneplains and,
accordingly, designated as PI, PII and PIIT (1931, 1933, 1934). This
sequence was accepted and supported with further evidence by Combe
(1932, 1943) working in South Ankole and, later, by Pallister (1954),
working in Buganda. It was also extrapolated by Lepersonne (1949,
1956) to the area of Northwestern Congo and adjacent parts of Uganda.

McConnell (1955) attempting a country-wide correlation recognised
five surfaces (four — within the area relevent to the present subject),
which appeared to conform to the continent-wide seguence and chronol-
ogy established by Dixey (1939, 1943, 1946, 1955, 1956p)and L.C.King
(1948, 1951, 1953, 1962) who subsequently quoted McConnell in sup-
port of their postulations. VWhile this continent-wide, five-stage
sequence appears to have gained fairly general acceptance by the beg-
inning of the present decade (B.C. King, 1958), McConnell's views
were immediately opposed within Uganda itself. It was, however, only
the validity of one of his gurfaces that was challenged and there
seemed to exist considerable agreement as to the validity of the other
four. At the same time it was realized that postulation of surfaces
in Uganda and in Africa as a whole, encounter serious difficulties

which cannot be met by the prevalent views.
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(b) Limitations of surface correlation

It was established already by Wayland (1929) and other early
workers that the landsurface in western Uganda has been sirongly
deformed by warping associated with the formation of the Western
Rift. Being of regional extent only, the deformation obviously
presents difficulties in fitting the regional surfaces within the
continental sequence. lMoreover, the differential upwarp of the
Rift shoulder and downwarp of the Lake Victoria basin render the
correlation of discontinuous and isolated surface relicts a highly
uncertazin, if not an imposeible task even within one region. An-
other basic difficulty results from the fact that many residuals
of older surfaces have been preserved on resistant formations.

Thig is especially conspicuous in southwestern Uganda where the

two distinct relief units of upland and lowland are associated,
respectively, with highly resistant phyllites and gquartzites and
with easily weatherable granitoids and schists. The older surfaces
(Wayland's PI and McConnell's Ankole and Koki surfaces) are iden~
tified exclusively on the metasedimentary upland crests while the
younger ones are recognized mainly on schistose and plutonic low-
lands. Where a higher surface is cut across a more competent 1ith~
ology than a lower, adjacent one, a "step up in altitude™ does not
necessarily mean "a step back in time". It is on both these grounds
that Pallister, who adopted McConnell's nomenclature for his young-

est surfaces and extended the Acholi surface to the flat-bottomed

valleys of ilengo (19561, 1959, 1960), objected to the Koki surface

Spevamene
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which, he maintained, represented an upwarped and a lithologically segre-
gated part of the Buganda Surface, (1956¢).

Undoubtedly the differential weathering and erosion and differential
warping can result in a multilevel topograpby devoid of cyclic significance.
This was clearly appreciated by L.C. King and Dixey who, consequently, consid-
ered the cycles they recognised as major stages applicable on a continental
scale and regarded at least the higher residuals as reflecting maltiple-level~
ling of surfaces upwarped on a regional scale. It has, thus, long been rec-
ognised that in regions of tectonic instability the absolute altitude is of
very limited value in correlation of surfaces and that other additional criter-
ia should be used in their identification and characterisation. Among these
the association of surfaces with laterite was early regarded as being
significant.

(¢) The Association of Laterite

The significance attached to the association of laterite with erosion-sur-
faces springs from the prevalent view as to the nature of laterization. Accor-
ding to this a thick accumilation of lateritic materials occurs only where the
surface has undergone prolonged plankation. The presence of flat-lying thick
laterite sheete upon upland crects, thus, clearly indicates the existence of a
former planed surface and the plotting of laterite residuals becomes, in fact,
the plotting of an ancient peneplain or pediplain. The occurrence of thick lat-
erite duricruct as cappings of flat-topped hills is one of the most prominent
landscape features of the lakeside region of Uganda. Wayland, Pallister and

YcConnell all ascociated thick laterite with the same PII or Buganda Surface
and lcConnell sssociated it also with his Kold Surface. All three agree also

that the younrcer surface (PIII; Tanganyika Surface) is associated with laterite

of a differcnt nature; while the Buganda Surface laterite represents relicts of

an extensive sheet cubsequently dissected, exposed and hardened into a massive
ironstone duri-
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crust, the laterite of the lower surface is still found within the
original soil-regolith profile. The surface being only imperfectly
planed as yet, laterite occurs only where topography is favourable.
It is thick only where it is flattened and is well-indurated only
where the surfzce is dissected by the younger, valley, cycle. Age
reement is less clearly stated as to the laterite on the older sur-
face: but it does appear to exist. Wayland asscciates laterite
with his PI surface but consifers it to be present only is palches
(1934); Pallister does not mention laterite in relation to his
Buta-Prlaga surface, as he does in relation to the lower surfaces
{1960); McConnell states that his Ankole Surface "does not as a
rule carry laterite" (1955).

Even if none of the three workers referred to it, a general
picture of surface laterite relations does appear to emerge from
these observations. The original laterite cover of the older sur-
face has been, at least partially, eroded and its stripping did
not affect the preservation of the surface itself. This seems to
indicate that the bedrock across which the surface has been cut is
more resistant than the original laterite cover. The intermediate
surface, on the other hand, i§;resented only where the original
laterite cover has been preserved. Wherever it was stripped away
the surface was speedily modified (Pallister 1956a,b). Laterite
on the younger surface is not, as yet, fully developed. It is
apparent that laterite is regarded by these authors only as a

supplementary criterion. The decisive criterion remains the




altidunal disposition of the surfaces, and the topographical discontinuit—

[y

es between them. This is reflected mainly in McComell's assertion of
similarity beiween the nature of laterite on both the Koki and Buganda
Surfaces. It is the devendence on altitude, whether relative or absolute,
as a decisive criterion that provoked the main criticisms of the "Classical
Uganda Surfaces”.

2. Recent Approaches

(a) The two-surface concept

As outlined above landscape in Uganda falls into two distinct groups
of lendforms. Iz a survey of a limited area it is always one major upland
crest surface that it apparent. Other even surfaces zre usually limited in
area and may be identified either on the few features rising above the gen-
eral crest level, or on bevelled spurs and foothill fringces below it. Vhen
the prevalence of this dual aspect of the landscape is added to the diff-
iculties in correlation entailed by tectonic instability and lithologic dif-
ferentiation it is not suprising that serious doubts were stirred as to the
validity of the "Classical" surfaces. These doubts were entertained even
by some of the earlier writers like ¥illis (1976) and Solomon (1939) who,
mainly on tectonic grounds, disputed the existence of evidence for more than
two major surfaces. Later, Ruhe (195%, 1956) reached similar conclusions
and formulated long-recognised views in a thesis that seems to be shared by
many recent worliers. Ie points ocut the inadequacy of altitude as a criterion
of correlation in regions of tectonic instability and the importance of sur-
face contiruity, constancy of relations between surfaces and anolagy of sur-

face depocitc.
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(b) Laterite surfaces

The same thesis was independently developed by De Swardt and

Trendall (1961) and De Swardt (1964) who attributed a major signif-

icance to the nature and distribution of laterite. This is reflected
in the avoidance of the term ‘erosion surface' and the substitution of
"laterite surface! in its stead. They recognise two such surfaces of
laterite accumulations: (1) an Upper Laterite - characterised by a un-
iformly distributed thick ironstone duricrust of primary origir and

relatively old age (2) a Lower Laterite - characterised by unevenly dig-
tritmted thinner and less indurated accumulations, largely of secondary
origin and younger age. To these they added a younger erosion surface
digsecting the Lower Laterite and lacking altogether, designated as the
Flat~-Bottomed Valleys surface. Obviously this surface is ejquivalent

to the Acholi Surface as defined by Pallister while the Lower Laterite

corresponds to the Tanganyika Surface of Pallister and McConnell or to
Wayiand's PIII. The Upper Laterite, however, is stated to embrace all
other, older surfaces - Waylands PI and PII, Pallister's Buta-Bulaga
and Buganda and McConnell's Ankole, Koki and Buganda surfaces. This
considerable altitudinal range attributed to a single surface is envis-

aged not only on an interregional (difference of approximately 4000 ft
between Buganda and Kigezi) but also on an intra-regional and even a
local scale (500-~700 ft in Koki, Ankole and Kigezi within individual
topographic unitﬂ. Regional deformation while constituting an impor-
tant factor is not regarded as the cause for the great: altitudinal
range of this surface. In fact, it is denied that several surfaces
can be distinguised within the upland and that any evidence of an an-
cient planed surface, if it ever existed, has survived. The basic pr-

emise for this assertion is the presence of a thick laterite sheet up-
on this upper surface regarded as, virtually, diagnostic (and, conse-
quently evidence asserting lack of laterite is emphatically denied,

ef. 1961, p. 41; 1964, p. 323). Laterite is considered to represent

.
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the residue of a gradually eroded great mass of overlying rock.
This is regarded as the only possible source of such a great amount
of lateritic materials and it is argued that the lowering of the
landsurface during the cycle that resulted in the laterite accumui-
ation was of the order of "hundreds if not thousands of feet" (ivia,
1961, p.44). Differences in amount of reelief, in different parts of
the surface are, presumably, attributed to difference in lithologic
competencz. It is probable, accordingly, that the resistant Karagve~-
Ankolean sediments always effected a greater relief than the Basement
Complex and Intrusive granitoids and that the ancient relief at the
start. of the cycle was not much different than the present one.

The uniform presence of a thick laterite sheet upon a highly un-
even surface, is, thus an essential premise of the hypothesis., The
existence of remnants of several bevels within the upland, and con-
sequently, the possibility of a single laterite sheet simultansously
blanketing several pre-existing surfaces, is'rejected: it is asserted

that a statistical treatiment of summit elevations showed no maximo
and produced no rational pattern of such surfaces. Moreover, it is
stated that "though it shows considerable relief the older laterite
surface is remarkably smooth and there are no marked breaks in slope,
except at the margins of extensive quartzite outcrops”". Considering
the local scale of this very uneven relfef this would mean that lat-
erite is regarded as accumulating thickly through gradual lowering,
on quite steep slopes. This view, which is contrary to previous con~
cepts of laterization, is supported by examples from Buganda where
differences of about 100 £t in the elevations of laterite surfaces are
asserted to exist on individual residuals and from Ankole, where
Phillips (1959) is cited in evidence of 300-400 ft differences in
thick laterite sheet elevations over single remnants. Since the main
tectonic events in the area are supposed to have occurred after the
three surfaces were already in existence, it is suggested that the
breaks in slope separating the two laterite surfaces and the flat~
bottomed valleys are related to cessation of laterization and incis-~
ion of f drainage caused by change from humid to arid conditions.




(c¢) Landscape surfaces
Recently Doornkamp and Temple (1966), adopting the same prin-

ciples reached similar conclusions as to the number of stages Tep-
resented in southwest Uganda. Their approach and their conclusion

as to the evolution of the landscape are, however, different from
those presented above. Laterite is scarcely mentioned and evidently
if any significance is attached to it, it is only of secondary impor-
tance. The "upland landscape" corresponding in extent to the above
Upper Laterite, is regarded as representing residuals of an ancient
initial surface. It is envisaged as having some relief and even car-
rying few modified residuals of a former surface but it ic a subdued
late-mature relief, entirely different both in amount and form from
the present one., The lowland surfacebcorresponding to the Lower Lat~
erite is regarded as a product of an erosion-cycle initiated by reg-
ional uplift associated with the formation of the Rift Valley. Tec~
tonic movements are, thus, considered to have occurred since mid-Tert~
iary times, if not earlier, and to have caused the sequence of stages
in landscape evolution. There is no attempt to correlate these stages
with the continental sequence suggested by Dixey and L.C. King or to
regard them as having more than a regiomal significance. It is rec-~
ognised that the upland landscape has a multi-level aspect but it is
attributed to differential warping within the regional uplift and to
lithologic differentiation. Only one major tectonic phase is envisaged
(the upland landscape being treated as an E%ial one) and is regarded

as being prolonged (? late Oligocene - later Pleistocene) and concur-
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rent with the development of the lowland landscape. The third sur-
face, the infill ox aggradation landscape, is consequent upon rever—
sal of previous drainage by continuing rise of the uplift axis.,

3. Problems of landscape evolution

(a) Mode of surface development

Dbivergence of opinion as to the mode of surface development
in Africa does not, except in one case, transcend the generally con-
ceded concept of cyclic evolution. Within the limits of this concept
the main point of dispute is identical with the more general geomor-
phic controversy between the Davisian and Penckian schools of thought,
in itself based, partially at least, on data derived from Africa.
A summary of this controversy, in relation to Africa, has been pro=-
vided by B.C. King (1957, 1958) and need not be reviewed here except
for one observation that appears to indicate the need for an open
mind toward both schools of thought. Studies of different areas in
Africa, among them that of Pallister in Uganda (1956a,b) suggest that
"whereas scarp reireat may be important in the earlier stages of the
evolution of a new erosion surface, the later stages will conform
more closely to the pattern of the 'normal' cycle, once remnants of
the older surface have been eliminated from the divides (cf. Dixey,
1955, p.272)" (ibid, 1957, p.674).

B.C. King does not mention a somewhat different view on the
mode of surface development originating in Uganda. This view was
first presented by Wayland (1934) who introduced the term "etchplain”

to indicate the result of a rapid stripping, upon uplift, of a thieck
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mantle of deeply weathered, easily eroded, rock and exposure of the
underlying, relatively even, basal surface of fresh rock. This rel-
ative eveness of the "etchplain" necessitates the assumption of an
initial, stable, planed surface to allow for the uniform depth of
weathering. Accordingly Wayland suggeéted tentatively that his PI
represented a peneplain while both PII and PIII were etchplains.
The view was adopted by Willis (1936) vwho used the term "etching"
to describe the process culminating in the "etchplain®. Notwithstand-
ing Thornbury'’s (1954) doubts as to the applicability of the process
on a regional scale, the hypothesis - at times modified - seemed to
have gained several, more recent, adherents. Pallister (1960,p.27)
considered the term, if not its exact intended meaning, to be "pec-
uliarly apt for Mengo". Ollier (1960) used the hypothesis as a basic
for his views on inselberg formation in Uganda. He modified it
however, very significantly in assuming that the soft rotted rock
mantle is not virtually stripped to expose extensively the basal
surface but is eroded away, mostly through incision and slope retreat
of laterite capped hills, exposing only irregularities of the basal
surface. The modification is better suited to meet the facts of the
Uganda lowland landscape but tends to make the hypothesis of doubt-
ful value. WNevertheless, Thomas (1965) empasizes the importance of
deep weathering and etching in the geomorphology of tropical envir-
onments, basing himself mainly on observations in southwestern
Nigeria. BEarliexr, Bakker and Levelt (1964) extended the concept to

ancient landforms in Eurcpe. It should be noted that all writers,
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including also Berry and Ruxton (1959) refer, when they speak of
the deep weathering and its geomorphological consequences, mainly
to areas underlain by granitoid rocks. Thege seems o be no al-
lusion to deep weathering of less weatherable rocks of the type
found in southwest Uganda.

The exception, mentioned above, to the cyclic concept of land-
scape evolution, is the hypothesis of 'Apparent Peneplains' presen-
ted by Trendall (1962). Azcording to this hypothesis, the laterite-
capped, flat crests of Buganda hills do not represent preserved rem-
nants of an ancient, planed, erosion-surface. ZFEach one of the hills,
together with the surrounding pediments is regarded as a single in~
evitable product of a continuous interplay between two concurrent

processes of erosion - laterization and surface wash, hoth causing
a general but differential lowering of the landsurface. The flat
crests, in other worde, are not related to some ancient base-level
but to the same one with which the foothill pediments are associated;
the scarp and slope separating them do not indicate a separation of
two stages in evolution but of a predominance of laterization from
a predominance of surface wash. The combined process was initiated
by a long-past major lowering of base-level and involved progressive
flattening of interfluves associated with progressive accumulation
of laterite, and gradual steepening of convex slopes. A point of
equilibrium is finally reached when flatiness of crest prevents
further surface wash (removal of non-lateritic solubles) and expos-

ure and hardening of the thick edge of the laterite accumulation
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above the slope prevents further down~wearing. Beyond this point

the present typical profile develops - flat, laterite-capped crest,
scarp of the duricrust and the concave back-wearing slope. TLandscape
is, thus, entirely divorced from the concept of cyclic evolution un-
less a very ancient previous cycle is postulated terminating in an
even peneplain hundreds of feet higher than the present hill crests
and of which, of course, no evidence survived.

It may be noted that although the hypothesis accords in many
respects with the postulated propounded by De Swardt and Trendall
(1961) it differd significantly in uniting the Upper and Lower Lat-

erites within one cycle. The difference between them is one of
phases of the same process: the Lower Laterite has been presumably
formed after equilibrium was attained and slope retreat began. There
are several other characteristics accruing from this hypothesis that
should be noted. Flattening of convex interfluves associated with
laterization and selective removal of soluble rock constituents nec—
essarily means that the thickness of residual laterite is greatest
in the centre of the crest, where the greatest amount of rock was
removed. The process is conceived as applied to an area underlain
by granite and its rate and amount are calculated according to the
composition of these rocks. It appears to fit also, at a slower
rate, the hill-forms common %o the Karagwe-Ankolean metasediments
(convex upper slopes, thin laterite edge below crest—line) in
those few cases where the hills are lithologically homogeneous and

the surrounding pediments are cut across the same lithology. It is
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difficult to fit the theory to the more common cases where the lith-
ology of the pediments and the hills differs sharply, but it cert-
ainly accounts for the great relief of a single surface extending
on different lithologies.
(b) Dating the surfaces

In absence of direct evidence, the "classical surfaces of
Uganda were usually referred to the Tertiary deposits, bearing
Burdigalian mammal fossile and overlying unconformably the Pre-
Cambrian rock-surface in Kavirondo Gulf. This datum was early cor-
related by Wayland (1929) with the PII Buganda Surface in Uganda
which - he considered - has been formed by late Oligocene times.
Accordingly, PI was dated comparatively 'on general grounds' as end-
Cretaceous (Wayland, 1931, p.8) and PIII/Panganyika Surface - as
Pliocene (1934, p.78). Despite some difference of opinion as o
whether the datum surface underlies the Miocene deposits or irun-~
cates them (B.C. King, 1957, p. 678, citing Ken“l:?‘%ixey,1945 and

Shackletonll951), agreement with this comparative chronology seems

to have been fairly general. Villis (1936) regarded the Buganda
surface as ‘'late' Tertiary, either Miocene or Pliocenec. Dixey
(1944, 1946) correlated it with the main mid-Tertiary or sub-Miocene
peneplain he identified in Central Africa; Pallister (1960) also ac-
cepted this basic chronology, tentatively dating his Buta-Bulaga
surface - by analogy - as late-Cretaceous or early Tertiary, the
Buganda Surface - as mid-Tertiary and the Panganyika Surface - as

end-Tertiary or Pliocene. Similarly, McConnell (1955) ascribed to

v
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his surfacesthe following ages: Ankole-Jurassic; Koki-Cretaceous;
Buganda~mid-Tertiary; Tanganyika-end-Tertiary and Acholi-Lower
Pleistocene.

The discovery of a Lower lMiocene fauna in the volcanics-of
Napak by Bishop {1958, 1961) at Kadam, initiated a reappraisal of
the chronology outlined above. It was found that the surface under-
lying the volcanics, designated as the "Kyoga" surface by Trendall,
is unlikely to be correlated with any surface higher than the PIII/
Tanganyika surface. Since it is shown to have existed already in
Miocene times (De Swardt and Trendall, 1961, p.21), the older Bug-~
anda Surface may prove to be pre-Miocene and possibly Pre-Tertiary.

The Kyoga/Tanganyika surface has been modified by pediplanation (and

laterization ?) since late Tertiary up to the present, as evidenced
by tﬁe presence of 50-150 ft high 'pedestals' of Precambrian basement
preserved under the subvolcanic sediments (Bi;hop, 1966). As Bishep
points out, if such a rate of modification is accepted, a consider-
able re~investigation of erosion-surfaces formation will be necessary
before former, unburied remnants of surfaces can be considered as
virtually unmodified.

Consequent upon these conclusions, the correlation of the
Kavirondo subvolcanic surface with the Buganda surface was subjected
to severe criticism. Bishop (1962, 1966), brings convinecing argu-
ments that the evidence for correlation is insufficient in itself
and also in view of the tectonic and volcanic history of the region.
His arguments imply that the surface is entirely unsuitable to serve

as a datum for any chronological determination. The conclusions out-




88
lined above are also corroborated by recent evidence from the Vestern Rift,
It is generally recognised that the surface represented on the uplifted Rift
shoulder corresponds to the PIII/Tanganyika surface regarded as end~Tertiary.
It was considered that the Plio-Pleistocene rifting has downthrown a part of
thie surface into the floor of the Rift Valley where it was, subsequently,
covered by younger sediments. Results of the surveys in 1956 (Harris et al,
1956) suggest that the Plio-Pleistocene deposits of the Rift Valley rest
upon pre-Pliocene sediments and not upon Precambrian basement which underlies
only the latter. This indicates a probable pre Miocene age for botrh the
rifting and the Tanganyika surface.

Rath de Swardt and Trendall (1961, 1964) and Doornkamp and Temple
agree in their postulations with this revised chronology. De Swart's Lower
Laterite is stated to represent a modified Kyoga (=Tanganyika) surface except
of course, that the modification is ascribed to laterization and the surface

is regarded as a laterite surface. In other words, insofar as the laterite

is used to define the surfaces their age is younger than that of the original,-

unmodified, erosion-surface. The Kyoga erosion-surface underlying the volcan-
ics, on which laterite has nowhere been proved, was probably defined in pre-
HMiocene while the laterized present surface is younger than Miocene and is
still in the process of formation. Similarly Doornkamp and Temple have
assigned a late Oligocene age to the initiation of their lowland landscape
which attained its present state by mid-late Pleiébcene, and an early Tert-
iary or, possibly, a pre-Tertiary age to their upland landscape ( Buganda

surface).
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(c¢) Drainage Pattern
It has been long recognised (W.U. Simmons in Wayland 1931,

p. 41) that drainage pattern in Uganda reflects an antecedent Sys-
tem, originally directed westwards and subsequently reversed and
modified by the uplift of the Western Rift Shoulder. Heversal and
downwarp have caused the impounding of Lake Victoria and the drown-~
ing of what is regarded as the former upper paris of the two main
systems of Southwestern Uganda - the Katenga and Kagera Rivers.
The main continental watershed, preceding the uplift, is placed
east of the lake and somewhat to the west of the Eastern Rift
(Teale 1950, Cooke 1958, B.C. King 1958, Bishop 1966).

While there is almost a complete agreement with this inter-
pretation, since it is clearly supported by the west-directed pat-
tern of drainage, it still involves several problems of detail,
especially as to the drainage of south-western Uganda. These seem
to be associated with the striking inconsistency of drainage pat-
tern with geologic arrangement as reflected in the relief. In an
early publication Dixey (1946) who apparently agreed with the pos-
tulation of westward-flowing drainage in Uganda, expressed doubt
as to the general possibility of east-west drainage lines trav-

ersing the ancient high country on the western flank of the Rift
Valley and consequently deduced that it is probable that the wegt-
directed Uganda drainage was tributary to the Nile, which is con-

sistent with his views on the early origin of the Rift. Although

Dixey did not refer to the eastern flank of the Riftjthe same doubt
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may be applied to it, in the highland areas of Ankole. TIn fact
Trendall (1962) raises just this guestion in regard to the Kuizi
and Kagera Rivers, both poasessing a much greater relief in their
lower parts than in the upper parts of their basins. This doubt
is also consistend with his view of an initial surface of consid-
erable relief. It is cbvious, however, that such a consistent and
pronounced lack of adjustment of drainage to geology as is found in
the region can be explaineéd only by superimposition from an ﬁ%ially
planed surface on which geological diversity has been smoothed out.
This was recognised by Doornkamp and Temple (1966) who based

their interpretation on a single initial late-mature surface, sub~
sequently uplifted and warped. However, this interpreation, pres-
ented as a general outline, is necessarily simplified. It assumes,
for instance, that the present drainage pattern is basically the
same as that of the initial surface. The modifications recognised
are all related to uplift and warping and subsequent reversal and
infill. They involve mainly the changes produced in the proto-
Ruizi and proto-Orichinga systems of drainage which cannot be doubt-
ed. Except for these basins the alignment of siream courses and
watersheds is regarded as virtually unchanged since at least early
Oligocene. It is only the direction of flow and the affinity of
category .

oriteria of basins that has changed.

Examples relevant to the study area are, the present lower

course of the Kagera, from Nsongezi to the Lake and the present

divide between the Katonga-Mpanga and the Nakivali-Kijanebalola
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lake system. In both cases the present alignment is regarded as
virtually identical with the initial one. In the case of the div-
ide it is at present very tenuously defined across a lowland and
quite fregquently and broadly breached by wide shallow valleys. More-
over, the disposition of flat crested upland features, pre;umed to
represent remnants of the initial surface, does not coincide with
the latitudinal alignment of the watershed. On the contrary, they
appear to extend across it, far to the north. The lower course of
the Kagera is at present incised into lacstrine deposits of an an-
cient arm of Lake Victoria. Vhile it is apparent that this arm had
flooded a pre~existing valley, there is no direct evidence as to the
original direction of this valley or its nature. It is, perhaps,
due to this fact that Heinzelin (1962) followed by Gautfier (1965)
traced the upper course of the proto-Kagera approximately in its
present south-north alignment and related its present lower course
to a tributary of the northwestard flowing upper proto-Katonga. In
this, of course, these writers ignore or deny the validity of the
evidence on the submerged channels shown by soundings in Lake
Victoria. According to Teale (1950) the Kagera mouth is linked by
such a channel to the Mara River on the opposite shore of the Lake.

The fact that both these examples are associated with areas of
lowland and, thus, of incompetent lithology appears to0 be significant.
Preservation of an antecedent virtually unmodified drainage pattern
during a very long period of uplift may well be envisaged where it

has been superimposed uponavery resistant lithology whose rate of
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uplift or warping was slower than the rate of downcutting. It may
be possibly preserved, in a more modified form, where incompetent
lithology was exposed at a relatively late stage and is consequent~
1y of relatively limited extent (e.g. - arenas) so that available
time and effect of proximate superimposed drainage would have enab-
led only little modification. Even in both these cases the amount
of modification would depend on variable factors like differential
warping, differential resistance and proximity and intensity of suc-
cessive new base levels,

Vhere exposure of plutonic and schistose rocks and consequent
lowland landscape are extensive it is reasonable to assume that the
incompetent lithology was devoid of resistant cover already on the
initial planed surface or possessed only a thin cover stripped at
an early stage of the uplift. It would seem that in such a case
there 1s a possibility that?ﬁgtecedent drainage pattern, even if
initially superimposed in an unmodified form, will be subsequently
modified with shifts of divide and stream alignment and even a
change of pattern on less than a regional scale. This would be es-
pecially true if uplift and differential warping were intermiitent
and multi-phasal allowing for phases of stability and surface dev-
elopment. Modifications of drainage pattern would occur, in this
case, through the relatively rapid denudation of newly exposed
areas of the unevenly underlying basal or basement rocks.

Tt must also be noted, in this comnection, thai the initial

surface must be regarded as possessing some amount of relief.
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Doornkamp and Temple admit to the possibility of as much as 900 ft
of relative relief on their initial surface, seemingly because some
of the features they regard as remnants of this surface still poss~
ess this relief even within a single remnant (e.g. the Nshungyezi-
Bugggéa ridge in the East Hwampara). It may be expected that the
greater amount of relief on the initial surface will be associated
with the more resistant lithology. It is also obvious that water-
sheds will be associated with the greater relief and since the pos~
tulated surface is late-mature and its drainage well-integrated it
cin be assumed that major divides will tend to be associated with
the location of greater relief. Thus, the alignment of the major
proto-Katanga - proto-Kagera divide across an area of incompetent
rocks, and the tracing of ithe main course of the proto-Kagera across;
the area of very competent rocks and the greatest relative relief
must be doubtful. It appears more reasonable to suppose that the
major divide has shifted northwards due to later modification of
lowland drainage and that the proto-Kagera did not constitute as
major an artery on the initial surface as it was supposed to, or in
other words - that the proto-Kagera did not originate in the ancient
continental divide but somewhere to the éouth, in approximately the
same direction from which its upper part flows at present. Note
may be taken of Dixey's (1946) mention of a mid~Tertiary divide in
Tanganyika trending from the vicinity of Tabora towards the western

flank of the present Eastern Iift - e.g. - towards the ancient con-

tinental divide. Its western continuation is not known but it might
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have had some connection with the upper proto-Kagera. The evidence
of the channels on the bottom of Lake Victoria does not appear io
this writer to be conclusive in itself and neither does it fit with
the coastal morphology of the lake as well as does the postulation

of a northward trend for the former drainage.
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Surfaces and Levels in the Study-Area

Considerations of Uplift and Warping

It is obvious that knowledge of the nature and magnitude of

tectonic events is essential to the undersianding of surface ev-
olutiong. Theories on the sequence of surface in southwestern
Ugands have, undoubtedly, failed in many cases to take proper ac—
count of tectonic instability or to state the measure of influence
it may have had. Altitudinal correlation seems to have been too
much depended upon in postulation of erosion-surfaces and conse-
quently justified criticism were induced that may have caused too
extreme a rejection of these theories.

An antecedent drainage pattern is, no doubt, a significant

clue to the occurrence of uplift. But, as intimated, it must. be

employed with caution., It can be used io estimate the nature and
magnitude of regional uplift only where the lithology upon which it
imprinted itself is similarly resistant throughout the region im-
pressed by the uplift and where such an imprint is clearly unad-
justed to geology. Where these circumstances do not obitain on a
regional scale it will be possible to ascertain the magnitude of
the uplift only locally, where they do. The differentiality of
regional uplift and warping will be then difficult to ascertain
and application of other lines of investigation seriously hampered.

Where lithology is similarly resistant across the uplifted region,

valuable data may be derived from the study of relative altitudes.
In cases where antecedent drainage is clearly present throughout

the area of resistant lithology, relative altitudes will enable an




estimate of the position of the pre-uplift surface.and permit calculations
of uplift and differential warping. Otherwise use of altitudinal data

must rest on certain pre-suppositions. It must be assumed that the surfaces

vhose altitude is being measured and compared reprasent remnants of the in-
itial pre-uplift svrface or that the amount of crest lowering by erosion

has been infinitesemal. Furthermore, a straightforward comparison rests on
the assumpticn that uplift was continuous and not intermittent or that in

case 1t was intermitient and intermediate surfaces developed, the compared
surfaces do not represent them and are all remnants of the initial, pre-uplift,
surface alone.

Relevant views of uplift and warping

Host views on the geomorphic evolution of Africa, expounded on a

continental scale mainly by Dixey and L.C. King, envisage a prolonged stage

of continent-wide stability culminating, by early Cainozoic, with an enor-
mous, extremely smooth peneplain or pediplain upon which limited remnants of
an earlier, Mesozoic planation were preserved mainly on divides (L.C. King,
1962, 1967). This continent-wide, uniform surface is regarded as a useful
datum for the definition and delimitation of later or earlier surfaces.

Cooke (1958) agrees with Willis' (1936) early estimate that the general in-
clination of this surface amounted to about 1ft/mile and calculated that the
elevation of the continental divide on this surface, at present in the region
of the Eastern Rift, was almest about 1€00 ft a.s.l. A simple calculation

of the average inclination, puts this surface in southwestern Uganda between

1300 ft in the Hasaka area and 1200 ft a.s.l. in the Rift shoulder area of

Western Ankole.
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The tectonic events that have led to the deformation of this
‘African' or mid-Tertiary surface and its subsequent dissection and
erosion are envisaged by L.C. King as a series of broad, 'cymatogenic',
upwarpings within each of which differential warping controlled geo-
morphic evolution on a regional scale. In the region relevant to the
present study, differential warping consisted, according to the evi-
dence, of the upwarping of the Rift shoulder and the downwarping, be-
ginning at a later stage, of the Lake Victoria basin. Theoretically,
then, a certain belt of country in the western Lakeside region, rem-

ained, over and above the general uplift, at approximately the same:
relative altitude. Since general uplift may be regarded as roughly
uniform on a regional scale, this belt may be used as a regional dat-
um. It appears, therefore, that the main problem associated with the
estimate of regional upwarp rests in the identification of upland rem-
nants in this datum belt with the surface preserved in the area of max-
imum uplift on the Rift shoulder. If such an identification is possi-
bly an estimate of uplift magnitude is easy to attain. Furthermore,
since different upland and lowland levels are easily distinguished by
geomorphic characteristics as separate erosion surfaces, the differen-
tial measure of altitudinal interval between them clearly indicates
differential warping.

Doornkamp and Temple (1966) have shown convincingly how a table
of mean comparable altitudes of upland and lowland at selected locat-
ions along a profile of the upwarped region, may be used to establish
a rough estimate of relative uplift and differential warping. But,

their conclusions rest on the unsubstantiated assumption of identity
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between the Masaka upland level (lakeside region) at 4300 ft a.s.l. and the
Rift shoulder upland level at 6600 ft. Such an assumption, representative
of the two-level concept in the theory of Uganda's landscape evolution is,
of course, at variance with the 'classical' postulations. The authors sug-
gest that this initial surface is equivalent to the 'classical' Buganda Sur-
face or L.C. iing's 'African' (early-Cainozoic) surface. FExcept for two
isolated quartzite summits (Singiro and Marangara) they recognise no remnants
of former cycles such as Wayland's PI, McConnell's 'Ankole! or L.C. King's
'Gondwana' and 'post-Gondwana' Mesozoic surfaces, in the area of the Rift
shoulder of Ylest Ankole.

That such a view may be merited in regards to this limited belt of max-
imum upliit is evident in the two examples cited by the authors. The drain-
age pattern of the Kasharara; Kandelye and upper Ruizi rivers show complete
inadjustment with geologic pattern and cannot be explained except by super-
imposition from a planed surface. Since upland features in the area of sup-
erimposition possess only a single accordant crest-level it is reasonable to
assume that this level represents the initial surface. It must be noted,
however, that these examples are the only undoubtful ones in the belt of max~
irum uplift in Yest Ankole. It is only in these cases tﬁat a west-directed
drainage pattern is superimposed upon resistant lithology and traverses the
" strike of the structures. In other, apparently similar cases in this area
inadjustment to structure is associated exclusively with incompetent lithology
and a iowland lardscape and definite conclusions as to the original align-
ment and nature of the drainage are impossible. There are other, less con-
spicuous occurrences of superimposition in resistant upland landscape,

notably in the Sanga Hills and the Nshara lountains. In these




cases, however, the nature of the structure is mot clear as yet ana
the upland landscape possesses a multi-level aspect. It is therefore

not certain that superimposition was initiated on the initial planed

surface and the altitude of th%upland crests cannot be used to estim-
ate the amount of uplift. In the other parts of the region the drain-
age pattern ﬁé& the resistant upland is clearly adjusted to lithology
and structure and may not be regarded as antecedent or as reasonable

i

proof of an‘}tial planed surface and may not be used in estimates of

uplift magnitude. Therefore, the assumption that the early-~Cainozoic
planed surface is represented onyjupland crests throughout the region
cannot, to the writer's opinion be considered as proved by evidence of
superimposition. Reasonable certainty exists only in regards to the
limited area of the maximal uplift. In other parts of the region ad-
ditional evidence must be examined.

At the other end of Doornkamp and Temple's profile, in the Masaka
area, identity of present upland crest-level with the initial, pre-
uplift surface, is even less clear. As presented in their table, the
vertical interval vetween the Masaka upland surface and that in the
vicinity of Lake Kijanebalola in Eastern Koki, is about 500 ft. This
vertical difference, however, is not gradually attained over the 15
miles of latitudinal distance between these localities, as would be

expected if a differential uplift is involved. It is attained through

an abrupt, high escarpment coincident with the lithological boundary

of the Koki Hills. The elevation of the upland features in the inter-

vening area is markedly accordant with that of the lMasaka upland up
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to the foot of the escarpment. Differences in competence between
the Masaka plutonics and the Koki quartizes and argillites, no doubt
contributed to the altitudinal differences and theoretically, at
least, it is possible to assume that both levels represent the same

surface. 3But certainly only planfation could have obliterated eff-

ects of uplift at the foot of the escarpment and resulted in such a
consisient accordance of crests. Such a rlankation must have occur-
red after the initiation of the uplift and was caused by it. It ale-
so preceded the initiation of theﬁowland surface. This must at least
cast doubt as to the identity of the Masaka upland surface with the
initial surface and on its validity as a datum surface. The solution
to this problem mey lie in the adoption of Trendall's 'apparent pen-
eplain' theory (1962) and the estimate of the possible original elev-
ation of the upland according to the thickness of laterite cappings;,
or it may be achieved by the application of evidence from other parts
of the profile.

A correct. choice of a profile intended for examination of up-
1ift and warping seems to be highly important. The example cited ab-
ove of the Masaka area reveals the way in whichqprofile of diverse
lithology may prove misleading. Since effects of factors other tﬁan
uplift and warping must be excluded as much as possible, the best pr—
ofile for situdy would be one.cutting across a continuous formation

of resistant lithology. Doornkamp and Temple's profile is, there~
fore, the only possible one in the region, except for theﬁggst of
Koki. Any other profile of the area will be transecting areas of ex-

tensive lowland with relatively few residual upland features, in
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which estimate of uplift is either impossible or wrought with uncer-
tainties. However, an examination of a single profile may obscure sig=-

nificant features of the tectonic event such as a possible different-

iality of warping in more than one direction or the possibility of up~

1ift: being contipuous in one part of the region and intermittent in ;
another. When the sing;e profile represents a possible area of greater E
relief and watershed on the initial surface, as is the case in question,
such dangers are accentuated. The necessity of being donrined to a
sihgle profile must, therefore, be compensated by examination of supp-
lementary data from other parts of the uplifted region. An example
from the region may illustrate this point.

If the warping of the region is Judged to have been differential
only along the latitudinal axis, it is reasonable to assume that long-
itudinal axes, parallel to that of maximum uplift will represent app~
roximately equal magnitudes of warping. The upland features of Central
Nyabushozi preserved on plutonic rocks and the Eastern Rwampara Moun-
tains are aligned on such a longitudinal axis and are both regarded by
adherents of the two-surface concept as remmants of the same initial
surface. Yet, the mean altitude of the former is about 4700 £t a.s.l.
and that of the latter - about 5700 ft a.s.l. on the main watershed
ridge., This difference implies several possibilities., The initial
surface may have possessed a considerable relative relief of at least
1000 ft. 1In this case, it certainly possessed a considerable north-
ward average inclination of 33 fi/mile which contrasts sharply with the
supposed smoothness of the surface. Upwarping may have been differen-

tial also along this iongitudinal axis and, lastly, the compared up-

prs



land features may represent distinct erosion-surfaces of continental,
regional or local dimensions resulting from a major cycle or from

stable phases of an intermittent uplift within one cycle. A com-

bination of all or two sets of circumstances, all of which suggest.

northward drainage and southward erosion, is also possible, of course.

1%t also seems that a generalized profile of the sort dictated
by the scope of Doornkamp and Temple*s paper, based on only five lo~
cations in a hundred miles, may possibly conceal significant features
of the landsurface and that a more detailed profile is needed to cl-
arify the nature of uplift and warping and their effect ofy surface
development. (Table 6; Figs 16, 17).

Analysis of the Upland Profile

A profile of a differentially upwarped region about a hundred
miles long, outlined by remnants of the original surface, may be
reasonably expected to present a smooth curve, probably steepening
at some intermediate point and possibly flattening out again in the
area of maximum uplift. Any breaks in such a profile must be relat-
ed o factors other than regional uplift unless a very complicated
and unlikely differential warping is assumed.

Several such breaks are apparent in the profile of the present
Kagera-Ruizi watershed and its postulated extensions. The most pro-
minent of these are associated with abrupt descents of mean upland
surface in two areas - Central Koki and the Chadﬁrara—Eastern Rugaga
upland units. In neither case lithological causes can be invoked.
Vhereas the shales and mudstones of Central Koki, poor as they are

in interbedded quartzite, are probably less resistant than the quart-
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zite heights of Eastern Koki and the more phyllitic hill series of
Western Koki, their relatively low upland crest-level is clearly ac-

cordant with a similar level in both these areas. In other words,
the upland of Western and to a lesser degree Eastern Koki is distin-
ctly differentiated into two well-defined levels {also Phillips,1958)

of which the lower one, at times abutting against the slope of the
higher, accords in mean altitude with the Central Koki upland. 1In

the Chamburara-Eastern Rugaga area the absence of lithological cont-
rol is even more conspicuocus, The Chamburarahill-geries do not dif-
fer lithologically from the Western Koki hill-series, whose mean‘
crest altitude is about 200 ft higher. At the same time they differ
altogether from the predominantly guartzitic Eastern Rugaga ridges
which are of the same mean altitude. Moreover, the topoéraphically
continuous and geologically similar upland of Western Rugaga is ap-
preciably higher as a result of a rather abrupt rise of landsurface.
In both cases accordance of upland crests is not as even as in the
Magaka area and there is a slight inclination of upland surface to-
wards ceniral axes, but since there is no geological evidence of min-
or downwarps an erosional origin must be presumed in the period bet-
ween the initiation of uplift and development of the lowland surface.
Other prominent irregularities distorting the smooth curve of
uplift are associated with breaks between the Western Rugaga and -
Kagumba hillmasses and between the Ngarama hillmass and Eastern Rwam=-
para Mountains., A comparison between profiles of summit elevations
and of mean upland altitude reveals that whereas the latier bregk is

smoothed out in the summit profile the former is conspicuous in beth
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profiles. The difference is associated with the fact that summit el-
evation in the Ngarama hillmass exceeds mean crest altitude by about
300 £t while in all other, flanking, upland units the difference is
only about 100 ft. Similarly to the asaka~Koki transition the sharp
rise in both summit and mean altitude between Western Rugaga and Kas-
umba is attained by & high escarpment also coinciding with a lithol-
ogical boundary though not as profound. In the same way crest altit-
ude of Western Rugaga shows no apparent effect of upiift up to the
foot of the escarpment (e distance of 7 miles) and must again indic-
ate erosional leveling.

A combination of summit and mean altitude profiles reflects in
fact two stages of landsurface development. The summit profile may
be expected to represent a position closer to that induced by the up-
warp and the mean altitude profile - to impart an impression of the
way the uplifted landsurface was further modified through factors
other than upwarp. In the case of the Western Isingiro (Kasumba and
Hgarama hillmasses)the summit profile indicates that the transitiou
from Western Hugaga coincides with the steepening of upwarp curve
while the transition to Eastern Hwampara forms a smooth continuation
of that steepening. Exclusion of the erosionally induced depressions
in Central Koki and Chamburara-Eastern Rugaga areas, will show that
there exists a consistent rate of rise of less than 10 ft/mile from
sastern Koki, through Western Koki to yestern Rugaga. Irom Western
Rugaga westwards the rate of rise is approximately doubled up to

Central Rwampara where 1t reverts to the original amount in the area

of mayximum uplift.




The position of Western Isingiro in such a critical area of the
upwarp may be expected to be reflected in the nature of the evolving
landscape. And, indeed, the profile of mean creat altitude expresses
a complex situation whose explanation is not easy to formulate. It
reflects an eastward descending, steplike pattern of surfaces consis-
ting of the Kastern Rwampara at 5700 a.s.l,, the Western Isingiro at

5300 ft a.sl and of Western Rugaga at 5000 fi a.s.l. Undoubtedly
the differential nature of geology may heve contributed to the altit-
udinal interval between Eastern Rwampara and Western Isingiro since -
as indicated - the arenaceous succession of Isingiro is, on the whole,
less competent than the alternate succession of the Rwampara. But
there is no geological difference between West Isingiro and Western
Rugaga and the differential altitude must be related to the effect of
the sharp steepening of the upwarp alone. Another complicating fac-
tor is the absence of upland continuity between Westexrn Isingiro and
the Rwampara associated with the specific nature of the Orichinga
Valley.

This valley which at present forms a very sharply defined 10&—
land gap traversing the southern highland, and an intermittent direct
1ink between the Ruizi - Lake Systems drainage and the Kagera River,
imparts a strong impression of superimposition. 1t is, probably, this
impression that has led to the generally held view that the Lake Sys-
tem drainage was tributary to the proto-Kagera upon the pre-uplift
curface. Yet, the Orichinga Valley clearly coincides with a geolog-
ical boundary, separating the longitudinal major structures of the

Dastern Rwampara zlternate succesaion from the complex latitudinal

VGt
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structure of the Isingiro arenaceous succession. The structural rel-
ationships of these two units have not yet been explained and there-

fore, the geological nature of the valley is as yet unclarified. Ité
underlying lithology is assumed %o be argillaceous but the exact nat-
ure of it is uncertain due to absence of outerops; its transitional
structural character is also in doubt. It is known, however, that the
northern continuation of the Orichinga - the luke valley - represents
a denuded anticlinal structure and thus, lends weight to a cuggestion
of relating the Orichinga Valley to & belt of geological weakness.
The possibility arises, then, that the impression of superimposition
is deceptive. It may be conceived that the valley was initiated by 2
relatively rapid headward erosion controlled by the belt of comparat-
ively incompetent geology. With uplift a greater development than
that of similar adjacent drainage lines ensued which subsequently res-
ulted in a breach of the upland into the lowland beyond. Such a
breach would have inevitably established a new, lower, bage~level fox
the lowland and possibly initiated a large scale modification of its
drainage pattern. This points to a possible late development of the
lake-system drainage and to a possible humble origin of the Orichinga
on the initial surface.

A rapid development of the Orichinga upon intermittené%&arp would
have been controlled by the differential geology of its flanks. The
less resistant eastern - Hgarama—flank would have been more profoundly
modified in one of several levels, while the resistant Rwampara flank

would develop into an escarpaent-like glope. In the Ngarama any
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remnant of the original surface would, thus, tend to be preserved
away from the immediate vicinity of the valley floor vhile in the

Rwampara it may adjoln the escarpment to the present.
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Evidence of other landscape units

The example of Central Hyabushozi, cited above, illustrates
the comparative unrelizbility of residual upland features and
extensive lowland landscapes, as evidence for definite comclusions
on the nature of upwarp and its effects.  But, as observed, these
features provide valuable informztion to supplement the evidence

of the continuous upland in the gouthern part of the region.

1. The Lowlands

Tre profile of the lowlzand zlong the Leke System-Ruizi axis,
based on mean altitude of interfluves, as shown by Doornkamp and
Tenple, enables a2 rougk estimate of differential warping to be
made. OSince it reprecents the product of a relatively late stage
in the upwarp, any irregularities thzt come out must be regarded
as evidence of late tectonics or late geomorphic development -
later than the dcvelopment of the peneral lowland landscape. Thus,
even Toornkamp cnd Temple's simpiified profile revezls a significant
differentiality. The rate of land-surface rise from the Lake
Kijancbaloia zrea to the Lake liakivali zrea is very slight (approx.
6 ft/mile) but further west it is more tranm tripled for 30 miles,
up to Lzke lNunyere area, end then flattens zgain in the belt of

zximal uplift. This accords cuite well with the éifferential rise

of the zéjucent upland. 4 more detaileé profile odds to ihe
accuracy of this bacic pattern (Fig. 16).

In the enstern nalf of the profile, the lowland creas along

Lyiten hove apgroximately the sume mean altitude of

no discernible westward rise. The rise of low-

thi. oxis begins with the tronition from the

. arena and is
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especially prominent in the arena itself. This accelerated
rate of rise decreases considerably again in the Mbarara
Lowland and even more so in West Ankole. ILithology must

nave contributed to this differential rise. The transition

between the eastern and western parts of the Masha arena

coincides with the lithological boundary between aureole mica-

schists and the exposed grauitic core; the Nakivali lowland

which barely rises at all, is Tormed wholly upon tasal schists.

It is clear, however, that the abrupt rise within the Masha arena

cannot be attributed to lithologi-al differentiation alone.

The fact that the Kbrara lowland, to the west of Masha and also
formed on schists, maintains a substantial rise up to the maximum
uplift, though at a reduced rate, is indicative of the major role
of upwarp. Therefore, there seems to be little doubt that the
area of the linsha arena coincides with the location of a
considerable buckling effect in the process of upwarp. It suggests
that upwarping continued after the development of the lowvland
surface reached an advanced stage and that the buckling at this
stage occurred in 2 somevhat different area than the early
buckling of the urland. Another impression imparted by the
lowland profile, is that the llakivali-l'buro lowland was also
formed at a late stage, after the 1owland surface was well-
developed. It seems to have been formed by further modification
of the lowland surface towards & southvestern base-level, and
subseguently, differentially uplifted so that its west-directed
sradient wac reduced to eveness of interfluves and reversal of

the drainage.

ilo similar deviationsc from a gentle westward rise can be
observed in the northern lowlands of liyabushozi and lbuga-Bubale.

! The rate of rise increases from 7 ft/mile in the transition




between Eastern and Central lyabushozi to 8 ft/mile between
the latter and the lbuga-Bubale lowland. Further west it

acquires a greater rate of 14 £t/mile to the foot of the

e e e et

Suhweju highland. If rise of landsurface is indicative of the

nature of uplift, this would suggest that differentiality of

upvarp was effected not only in an east-west direction but also

between the southern part of the region and its north and centre.

The buckling effect of the lowland upwarp does not, in any case,

extend into the present area of the northern lowlands.

2. Residual upland
Residual upland, having no latitudinal continuity, provides

only partial evidence of landsurface rise. This evidence is
further complicated by effect of differential lithology, and since

mean crest altitude of residuals represents a relatively small

area, it may reflect lithological effect over that of upwarp.

Kany residuals are preserved due to thick resistant quartizite and,

consequently, can not be compared with distant argillaceous resi-
duals. Yet, even accounting for these difficulties the overall
impression is that, as with the lowland, effect of upwarp is less
noticeable in the residual upland than in the southern upland
blocks., Thus, while Vestern Koki has a sunmit elevation of close
& to 5,100 ft and a mean crest altitude of 4,900 ft, the residual
lishara iits, 20 miles to the west are, 57500ft and 5,000 ft. (The

pighest sumzits are two obviously residual guartzite heights,
rising 300 ft above the adjacent crest level). Comparison of the

northern part of Vestern Koki with the latitudinally equivalent

Sanpz Eills, shows similar relations on a lower level. On the

other hand, comparison between the Kshara residuals and those of

the Eihunya-Kabulangire range with o summit.
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elevation of 5,600 ft and a mean crest altitude of 5,200 ft,
reveals a much greater rate of rise. This may, perhaps, be

attributed to a northward extension of the late buckling effect

in the Masha area. A similar rise in the northern ridges of the

Rwampara, on the southern side of Masha (Rwebihungo and Kashaka

ridgeé and the Rubeya quartzite mass), seems to support this
suggestion.

Both these landscape units of residual upland possess a
longitudinal continuity with the southern upland blocks and may,
therefore, provide evidence as to the nature of the upwarp and
its effect. The Bihunya-Kabulangire range reveals a gradua*g rise
of crest altitude from a pronounced lowland gap in the area of
Kabale, both for a short distance southwards and throughout the
range, northwards. If the premise of alignment along an area of

late buckling is correct, then the Kabale gap or its higher

precursor must have existed at an earlier stage, and the prevalent
view that the headwaters of the proto-Ruizi originated in this
range must be re-examined. The possibility that the Kabale gap
represents a former headward breach of the narrow range by the
proto-Ruizi, formed long before buckling and reversal, implies
that a local reversal of drainage unrelated to tectonics may have
occurred within the arena due to erosional change of base-level.

The extensive residual Nshara upland presents an entirely
different pattern. It is continuous across the Rugyeye lowland
gap (draining the Kasha arena at present) with the Gayaza Hill
mass which is a ctructural continuation of the Rwampara and contig-
uous with it. The Gayaza hill mass and the high lishara features
have comparable mean crest altitudes of 5,000-5,100 ft over a

longitudinal distznce of abeut fifteen miles. As previously
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mentioned, several cuartdzite heights, representing residuals of

a modified former level rise %o about 300 ft above it (Nyamitsindo,
Thunga and Kakunyu). The Gayaza 1hill mass thus abuts against the
northern slope of the Eastern Rwampara main ridge with a rather
abrupt change of 600-700 ft in mean crest altitude. A similar
change may be clearly observed in a fringe of foothills and spurs
of the Eastern Rwampara to the west of Gayaza, where a very marked
accordance of even crests exists at a similar mean altitude of
5,000-5,100 ft.

Another, lower, level of mean altitude can be distinguished,
as observed, in the Sanga Hills and the isolated upland features
of Central Hyabushozi. Features of a similar mean al titude of
4,700-4,800 ft, either in the form of distinct upland features or
a§érosional benches, can be found throughout this belt of residual
upland. They are concentrated mainly in the Sanga-liyabushozi area,
in the Lower Ruizi basin and in the area to the north and east of
the Gayaza hill mass (Bugarama ridge, etc.). Common to this level
is the gradual rise of surface towards the higher ridges of the
previous surface, terminating in a well-marked break of slcpe and
an abrupt rise of several hundred feet which, in contrast to the
higher surfzce is always associated with a massive pand of guart-
zite. This repgular pattern is at times complicated by the
existence of several thinner ‘guartzite bands below the massive
uprer band, as in the northern slope of the Kakunyu ridge.

There is, thus in tae Gayaza-lshara area, & pattern of three
distinct surfaces whose separate levels are clearly erosional in
origin since they trunccte diverse lithology (lower level) and are
differentianted upon similar geology (two upper levels): the
Eastern Turmprrs main ridre level - 5,700ft a.s.l., the Gayaza-
Starcets-faduryn level - S00-5100 £t 2.5l and the lyobushozi-Sanga-

Zusorama lovel - noeo - 4200 ft 2.5.1. The remarkable accordance




of even crests in each level, especially that of the intermediate

level as it abuts the slope of the upper one, probably led Combe

(1932) to postulate his famous 'two-peneplain' concept of this area.

It points, in any case, to an erosional development which occurred
later than a possible early differential upwarp or buckling aleng
the longitudinal axis of this area and was unaffected by any

possible late differential upwarp or buckling.

3. The Koki Hills

The Koki Hills, with a similar longitudinal extent, present
2 more complex pattern. Three levels of crest elevation can also
be distinguished here, but their altitudinal relationships and
spatial pattern are not as clearly defined or as regularly arranged.
The upper level, at 2 mean altitude of 4,900 ft a.s.l., and
discernible only in VWestern Koki, merges gradually with an inter-
mediate level, at 4,700-4,800 ft, in the northern part of Western
Koki, and in the Chamburara area. At the same time it rises cuite
abruptly above the low level =zt 4,500-4,600 ft. In Eastern and
Central Koki, where tke higher level is absent, there is a gradual
merging of the lower levels und any abrupt breaks between them are
clearly attributable to lithology. These lower surfaces lack the
conspicuous accordance of flat crests which characterise the upper
levels of the Gayaza-ilishara area. Ahs mentioned, they have a
perceptible inclination towards median axes.

The upper level may be, possibly, correlated with the
intermediate level of the Gayaza-lishara area. But such a correl-
ation can be valid only if no significant differential upwarp
occurred in the intervening area, either during the formation of
t:is level or later. <The two lower levels can be correlated with

the lower level in the Gayaua-ilshara area aghemnants of a single




uneven surface resulting from a continuous regional uplift
moderately differential in an east-west direction. The lower

Koki level thus represents a well advanced modification of the

extensive upper Koki level (ecuivalent to the Gayaza-lishara

intermedicte level). On this surface the Chamburara-Eastern Rugaga
and the Central-Eastern Koki areas represented the upper parts of

a broad erosional depression trending northwest. 1ts middle part
should be sought in the Ishura and Eastern Nyabushozi lowlands

as is, perhaps, indicated by the isolated upland feature. of Warukiri
(4,500 ft) at the margin of the Ishura lowland. The lower level

in the Gayaza-lsharz area, represents in this case the elevated
western fringe of the depression rising towards the residuals of
the higher level or on the divide. The noticeable break between
the levels in some areas of Yestern Koki, notably on the flanks

of the drowned lowland gap connecting the Karunga and Kijanebalola
lowlands across western Koki, seems to indicate a later stage,

corresponding to newly developed base-levels and changes in drain-

age pattern. The differenticl nzture of the geology and the

consecuent differential rate of geomorphic evolution between the
sedimentary upper parts of this depression and its plutonic middle
and lower parts, may have a bearing on the development of this

later stage and the resultant modification of both these areas.

4, The Southern Hirblands

A longitudinal profile of the southern highlands in the Eastern

Rwampura ltc. or the Western Isingiro Hills reveals a conspicuous
asyrmetry of relief on either side of the main divide ridge. In
both cazes the mein ridge is situated in the northern part of the

urland block and the orographic pattern of the subsidiary ridges

consizts of chort ridpes or ubsence of ridges on the northern side




and long, extensive ridges on the southern side. On the

northern side the upland terminates ir an abrupt high slope,
while on the southern side there is a gradual lowering of crest-
surface over a long distance. The crest altitude at the southern
end of the upland block may be as low as L 900-5,000 ft. a.s.l.,
e.g. - about B00-900 ft below that of the main ridge. The gradual

lowering of crest elevation is most apparent where the longitudinal
orographic pattern is controlled by structure and where coincident
guartzite bands precerve the continuity of the subsidiary ridge.
Vhere argillites predominate and where the structural pattern
swings into a latitudinal trend, deep dissection distorts the
gradual slope of the crests which becomes appsrent only as an
average value.

WYhile the crest surface reveals no differentiation into
distinct levels and no significant breaks in slope except where
local lithological control is evident, such a differentiation
appears in the upland valleys, notably in the Muhurubuki valley-
This is a strike valley following an argillaceous band between the
lishungyezi-Chewiro guartzite ridge on the east and the Katanzi-
Buhingu ridpge on the west. Along its western flank there is a
bench-like series of flat-crected spurs, diverging from the Katanzi-
Buhingu ridge and abutting against its western slope. The crest
surface of these spurs slopes southward in close conformity with
both adjacent ridge crect and thalweg gradients, but at an inter-
mediate elevation. Gimilar featurec are to be found in the upper
Kyabaganda valley but zince this valley has only a short upland
course there are only few of them.

1t aprears, therefore, that geomorphic evolution differed
considerably on both sides of Rwampara moin ridge. The erosional

thzee activated by an early stage in the ﬁpwarp seems to have been




independent on each side of the divide. In other words, the
formation of the intermediate Gayaza-Nshara surface was subject

to an entirely different base-level than that of the spur-level

in the Muhurubuki valley and there was no direct drainage link

between both sides of the watershed. This casts further doubt
on the role of the Orichinga valley as an initially major drainage

line. It 2lso implies ihat the southward slope of the crest-

surface represents a similar slope of the initial surface on which
the proto-Huhurubuki already formed a shallow valley along the

: same argillaceous band. Therefore upwarp along the longitudinal
axis of the Eastern Rwampara was not differential. The disso-
ciation or very indirect connection of the northern and southern

drainage systems is evident also in the absence on the southern

T

side of any,parallel to the third, lowest, Gayaza-Nshara level.

i Since this level, as suggested, did not result from a relatively
f abrupt buckling followed by a2 stable period, but from a moderate

continuous regional uplift, the effect of the distant new base-

level did not penetrate into the southern basin.

The nature of the initial surface south of the Rwampara divide
is undoubtedly related to the proto-Kagera drainage. But the
premise of a considerable relief in this area of the initial
rurface, associated witi. resistant lithology and a major watershed,
o does not favour the vew that the precent alignment of the river
i was a major course at that time. The structural pattern of the

Karagwe~inkolean system in this area involves an extended southward

trend of the Isingiro synclinal axis into the Karagwe region of

Tanganyika where it joins the Eostern Rwampeara axis in a sharp

northva swing. This indicates an extensive continuous area of

rd
resictant peology.
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Juéging by the slope of crest-surfaces in the Rwampara and Karagwe
tris area could not have been entirely planed and there are no
grounds to ascume that it was already traversed by a major drainage
line. 1t appears more Treasonable to presume that the surface
sloped towards a subsidiary stream, directed across the structure
by the general westward slope of the land surface but ordiginating

witiin the area of uneven resistant lithology.

Conclusicus on upiift and upwarping

1. The tectonic activity which has afiected the region at present
petwecn Lake Victoria and the Western Rift, was part of an
extensive arching of the crust in East ~nd Central Africa, which
initiated, on a continental scale, the erosion cycle culminating
in the development of the Jowland element. The effect of the -
arching within the limits of the region may be regarded as
concisting of two elements: a general uplift uniformly affecting
the whole region (if Cooke's estimate is accepted this general
uplift must npave been in the order of 3,000 ft) as part of the
continentzl arching; a regienal, differential warping above this
general uplift, which decided the nmature of the cycle within the
region.

2. The initial, pre-uplift, surface was part of the continental
slope and as such possessed a general west directed inclination
and drainepe pattern. But actual inclinations and drainage within
the region were controlled by the dispositions of watersheds in
relution to regional base-levels. Watersheds reflected areas of
resistant peolopy which retained a certain amount of relative
relief. Consequently, the node of the main watersheds was located

in the ares at present represented by the South Ankolean Highland.
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The region was divided intc two major but unegual drainage basins.
The largest part of the region drained into the proto-Katonga,
which formed a regional base-level at the northern margin of the
region. Most of the drainage of this basin was direct, flowing
northward, but apparently part of it, draining the southeast of
the region, was indirect flowing south and southeast into
tributaries of the proto-Katonga, in the region of tne present .
Lake Victoria. The western and southwestern parts of the region
drained into the northwest directed proto-Kagera, possibly
remotely connected to the proto-Katonga. Thus, the major divide
on the initial surface had a predominantly longitudinal alignment,
with two main subsidiary divides branching from it latitudinally
along the present axis of the South Ankolean Highland: the
eastern one separating the direct and indirect drainage of the
proto~-Katonga; the western-the direct proto-Kagera drainage from
that of its tributary - the proto-Ruizi.

Regional slopes were, therefore, asymmetric already on the
initial surface: with the highest divide area located in the
southern part of the region, the northern slope was very long and
gentle and the southern shorter and steeper, probably of the same
order ac that represented by the present crest-level on the
southern slope of the highland. It is difficult to visualise the
manner in which these regional slopes were imposed upon the
ceneral continental slope to the west. The relative relief in the
arca of the southern divides was not such as to disrupt the
penerzl late-mature aspect of the surface but a very smooth, lov-
relief plonation, egually truncating competent and incompetent
ceology nheu aprarently advanced only to the western margin of the

recion, from the direction of the continental base-level.
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3. lipvarp above the general uplift has been irregularly
differential. It aprears to have occurred in two forms: a
regioral difierential upwarp which raised the western margin of
the region by about 1,000 ft in excess of the eastern margin; and
a buckling effect of a less than regional scale which uplifted

the southwestern part of the region in excess of the regional
upvarp by a totzal amount of about 600 ft. There is evidence that
the regional upwarp vas differential also on a longitudinal axis,
i.e. - that the s&uthern divide area was uplifted in excess of the
uplift in the Katonga base~level area, but an estimate of this
differential necescitates an investigation of other regions to the
north. Generally it appears to have had a more extensive spatial
scale and a lescer magnitude than the latitudinal differential.
Defomation appears to have occurred twice -~ in an early phase and
at a very late phase of the upwarp. The early deformation affected
a larger area and was of greater magnitude, possible causing an
excess of upuwarp of up to 400 ft in the area west of Kasumba. The
late deformation seems to have affected the area west of Masha
vith an upwarp of noc more than 200 ft. Regional upwarp appears to
have been intermittent in at least two phases with a fairly
prolonged stable period between them. The first phase culminated
in the early extencive deformation and was slow enough to permit
antecedence at least in the western margin of the region. The
cecond phase was apiarently continuous and slow throughout most

of its duration allowving the progressive expansion of the lowland
surface. Unly towards its end further deformation and concurrent

or subsequent acceleration of upwarp occurred.




L, This complex segquence of tectonic development resulted

in the differentiation of several surface-levels which may be
regarded as phases of a single major cycle of a continental

zeale (Hap 6).

2. Of the initial early-Cainozoic (Z?end-Cretaceous), pre-uplift,
surface only those parts associated with the most resistant geology
and, thus, with the greatest relief, have been preserved. Uo
remnants of this surface are to be found to the north of the
Ruampara-¥West Isingiro main ridge or to the east of the Kasumba
pain ridge. While it is by no means possible to assume that at
present this Rwampara surface represents an unmodiiied remnant of
the initial surface, as will be discussed below, it appears that
it reteins a relative relief not much different from the original
one.

b. The phase of stability following the first stage of upwarp
and deformation enzbled the development of an extengive surface
controlled by the base-level of the proto-Katonga to the north and
east. Relicts of this surface can be identified at present in the
upper level in Western Koki and the Western Rugaga, in the inter-
mediate level of the Gayasa-ilshara area and the northern fringes
of the Rwampara and perhaps also in the higher hills of the
Bihunya-Kabulangire range. FPlanation of this Gayaza surface appears
to have been fairly advanced except for several modified residuals
of the initial surface preserved on resistant quartzite, and,
rrobably a general gentle inclination towards the north and east.
In the proto-Kapera baczin the development of this surface did not
advance beyond the formation of new valley-floor levels due to

indirect and remote control of the new base~level.
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c. With the initiation of the second stage of upwarp a new
surface began to develop along the main drainage lines which were
still predominantly directed northward or eastward to the proto-
Ketonga and its tributaries. It is probable that the development
of this Sanga surface was simultaneous with the progressive
expansion of the lowland as the uneven underlying basement grani-
toids and basal schists became exposed. Since upwarp vas
continuous, even if of small megnitude, prominent scarps separ-
ating the developing surface from the former one are found only
where lithological differentiation obtained, as between the

lowland curface and uplané features or where massive quartzite
forred part of tie Gayaza surface. Continuous upuarp also
prevented advaunced planation of the Sanga surface so that a notice-
able rise towards the divide areas was retained. Vhere the
underlying basement was exposed in the early phases of development,
over domes or in the lower parts of the reglon, new erosional
controls obtained which may have induced an accelerated rate of
developnent or even changes irndrainage pattern,

d. &s the exzpansion of the lowland surface attained a well-
advanced stage and remnants of the Sanga surface were reduced to
margins of former residunls and divide areas, the erosional
development of the lowland became progrescively more subject to

the control of litholopical differences within it, and of newly
evolving base-levels. It appears to the writer that the breach of
the southern upland, at this stage, by the Orichinga, bringing into
control the closer and lower Kegera base-level, brought about a
very profound modification of the drainage pattern, affecting in
the first phoce the less competent mica schists flanking the upland

on the north and later the already deeply weathered Ishura lowland.
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L capture of drainage on such a scale caused the migration of the
rajor divide northwards, fo a possible alignment across Central
liyabushozij it probably resulted in the dissection of the Sanga
sirface, the antecedence of drainage across the present Sanga
Hills and the capture of the upper part of the MHbuga-Bubale
drainage. Fossibly it also reversed the drainage of the Masha
arena through a newly formed breach in the Kugyeye gap, but there
are indications that this may have occurred earlier, before the
breach by the Orichinga. That the latter may have been the case
is attested by the topography of the Sanga surface in the Lower
Ruizi basin and on the flanks of the Rugyeye, which is showing an
eastward directed relief pattern. In this case, two stages in the
development of the drainage system in this area must be envisaged.
~he first did not involve a change in the regional base-level but
only a change in the rate of erosion due to the rapid southward
expansion of the Ishura lowland whose rate of planation must have
been faster than that on the surrounding sedimentary formations.
Such a development may have recsulted both in the evolution of the
eastward trending drainage of the lasha arena dnd the Lower Ruizi
and, as intimated above, the capture. of the Central Koki drainage
by that of the Chamburara-Eastern Rugaga ared. Only in the
second stage did the breach of Orichinga modify the drainage to
its present pattern by a couplete change in regional base~level.
The whole of this phase of erosional development of the lowland
may be regarded zs part of & regional or even continental stage
of cvolution which has caused a general valley incision below the
iovlend level, It corresponds, tlerefore, to Pallister's Acholi
curfuce (41960) or, Le Suardt's “Walley Bottom" surface (1961).
The czuse of t.ic incision, which nowvhere is very deep, is not

clear.




Fallister, by adorting KcConnell's nomenclature, (1955) intimates
that Rift faulting and formation of the new Hile base-level may
heve initiated this phase. This seems to be supported by
Doornkamp and Temple. De Swardt and Trendall (1961, p.55) state
that "it is difficult to visualize the conditions under which
the flat-bottomed valleys were initiated", a difficulty perhaps
due to their basic conclusion that the phase was completed before
the main movements along the VWestern Rift.

e. The last stage of landscape evoiution involved the acceleration
of differential warping, especially along the axis, or the area

west of the kasha arena, where it was associated with. a moderate
deformation. Accelerated upwarping brought about the drastic
reduction of praodients in the stream courses, the reversal of the
whole drainage system east of Rift shoulder, and the consequent
aggradation and pordéing back of the Lake-System. It is not known

if the accelerated upwarp was associated with deformation alse in
other parts of Uganda, but tiere seems to be no doubt that defor-
rmation, even if relatively slight, became a significant factor

in the evolution of the drainage system in the area west of the
lasha arena. There is a very éefinite belt of country in the
vectern part of the arena in which gradients of small valleys have
been reduced almost to nil and into which headuard erosion of the
more steeply graded parts of the drainege to the east have not yet
reached. Cn the other hand, the major artery of the Lover Ruizi

has alrecdy breached the divide of the Bihunya-Kabulangire range

in &n as yet ungraded course, and captured the whole drainage basin
of the Duizi in the Kbarara Lowland and beyond. There is evidence
(Peorrkazg wnd Temple, 1965), that prior to this capture the
reverszl and ponding up caused the formation in its old headwater

vnlleyz of = "Late Ruizi, subseguently drained through the new




Deformation in this area would exglain the deep incision of the
Ruizi River south and east of Mbarara and the relatively light
ag-radation or even complete abzence of aggradation in the major,
east-directed valleys of the central Masha arena in contrast to
the heavily aggraded, tributaries. Absence of deformation above
the differential upwarp to the east of lasha, would explain the
very indefinite nature of the drainage in the Lake Syetem, with
its extremely low gradient and intermittent renewal of connection
with the Kagera. In tie Kagera basin itself reversal of drainage
wrought even more profound changes. If Cookel!s (1958) admittedly
superficial impression, that the terraces of Nsongezi and Kikagati
vere controlled not by Lake Victoria but by a presumed "Lake
Fagera" to the west, proves correct, then the development of the
present Kagera system has been similar to that of the Ruizi. A
first stage of upwarp resulted in the ponding back in the headwater
valleys and only further differential warping, including the
downwarp of the Lake Victoria basin initiated reversal of flow,
the draining of the "Lake Kagera" and the drowning of the Lake

Victoria basin.
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: Altimetric Analysis and Laterite Levels

The existence of a multi-level topography and the sequential

rattern of its evolution, are eszential factors in the understanding

of soil and vegetation correlations. At the same time they have

been lately the subject of disagreement among geomorphologists

investigating the area and very strong doubts have been cast upon
the validity of previously postulated surfaces and on the
possibility of outlining the pattern of their evolution.

Ls reviewed above, most of the recent investigators in the
relevant region have come to uphold the concept of a 'two-surface'
landscape, asserting that, on a regional scale, no more than two
of the major continental cycles of erosion have affected the land-
scape. However, the issue between this school of thought and
previous ones is not decisive in the present context. It is not
the correlation of surfaces on 2 regional or a continental scale
that is the concern of the precent subject but the validity of
their existence within the studied area. Their presence seems

impossible to refute according to field evidence. Combe's (1932)

view ac to the existence of a "two-peneplain' topography was
founded on such evidence and subsequently reaffirmed (ibid, 1943).
Certainly, as asserted by Doornkamp and Temple (1966), this multi-
level topograpny may be envisaged as the result of a2 phased
development within one major cycle, implying that due to the
regional extent of tectonic instability the various levels do not
neceszarily correlate with surfaces outside the region.

¢f the other adnerents of the uiyo-surface! concepts only De

Swardt und Trerdall have closely investigated the relevant area and
it iz tiLeir conclusionc which strongly oppose the view of & multi-

level toposraphy. #s outlined zbove their conclusion rests on two
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main points of eviderce: the uniform nature of laterite on all

upland levels and a statistical treatment of heights of summits

and smooth-topped hills. It is asserted by these authors that
teyen after corrections were made for tilting, no rational picture
emerged and the senior author was forced to conclude that he was
dealing with a single, uneven older surface without any relics of
flat surfaces of any extent" (1961, p.h4).

Since De Swardt and Trendall's as yet unpublished, and De

Swardt's (1964) papers propounded an entirely new aprroach to the

nature of the landscape in southwestern Uganda and since their

views rejected what to the writer scemed to be implied by his
subjective view of the field evidence it was thought necessary to
recheck their assertions in order to find out in what degree they
apply to the investigated area. The rechecking consisted, thus,
cf a survey of laterite both as to its nature and its altitudinal

distribution and of an altimetric analysis of topography.
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Altimetric Anelysis

Sample Area
As observed by Clarke (1966) it is obvious that regions of

warping could present considerable problems of interpretation by
altimetric analysis. It is, therefore, necessary to eliminate as
nuch as possible the probable effects of warping, mainly by
choosing a sample area aligned along the axis of the minimal
tilting. In the present case this indicates a choice of area along
the longitudinal axis of the rerion, which, as observed, has
undergone differential werping to a lesser degree than the
latitudinal one. Since there is no argument about the validity

of the lowland as a distinct erosion surface the analysie may be
confined to upland surfaces. It is also reasonable to select an
area within which the whole range of possible upland surfaces should
be included. Whereas the effect of upwarp prevents straightforward
conparison between areas along different longitudinal axes and
corrections for tilt can be only theoretical, an element of sub-
jectivity is unavoidable in the choice of a sample area, This area
must not be of a too extensive latitudinal width and the interpre-
tation of the analysis must take account of the possible effects

of warping.

Subject to these stipulations there seems to be only one
choice within the ctudy area. It is that same area in which the
"tyo-peneplain’ topography was, presumably, recognised by Combe
and in which, it seems, visuul judgements are not hampered by
deceptive aprearancec due to combined effects of perspective and
distznce. It includes the Eastern Rwampara Mts, their northern
foothill fringe, the Goyacs hill mass and the Hshara upland to the
north. (op 7). If the postulation of a very small amount of
upwiry in the arca east of asha during the secondstage of uplift

it correct, then the ten miles maximum width of this azrea prevents
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the need for substantial correction for tilt, since the differential ob-

tained within the area falls short of the available contcur interval.

Method and preliminary consideratiocn

. . . depends
sltimetric analysis by any methodfon the availability of topographic

maps of sufficiently large scale, and the scale of 1:50000 which is the

largest available for the area is deemed sufficient for the purpose. On the
other hand spot heights whether instrumentally measured or otherwise, are not

uniformly distributed and sparSe. Consequently, any method depending on

frequencies of spot or summit heights, such as was presumably used by De Swardt ;i
and Trendall (no details of the method were given by the authérs), could not
be depended upon, and a much more laborious method of area measurement had

to be chosen.

Since the aim of any altimetric amalysis is to demonstrate the exis-
tence of surfaces or levels and since the generally accepted premise is that
remnants of such levels are represented by crests of present topographic
features an attempt was made to confine measurements to crest surfaces alone
(in the present case - upland crest surfaces). This was done by the sys-
tematic mapping of 211 upland crests within the sample area, with the help
of air-photcgraphs and verification in the field. With outlines of crests
traced upon the topographic maps itywas possible to measure the area enclosed
between each of two hundred-feet contours, with the aid of a planimeter.
ithin continuous crest surfaces units of measurement were defined by 2 limit
of slope angle as expressed by the intercontour interval. An intervel of less
than 5 mm was regarded as a break in the crest-surface continuity and exclud-

ed from the calculation; and the separated parts were rmeasured independently.
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In such a way a series of tables was obtained, each representing
a discrete and relatively small crest-surface area. These tables were sub-
ject to comparison and regroupings within their landscape units and among
different units in order to attain one or several reasonable patterné. In
order to do this certzin preliminary assumptions had to be made concerning
the amplitude of relief upon the measured surfaces. No defimite limits of
postulated relative relief have bgen set for different degrees of planation
and definitions of =mounts of relative relief on a ploned surface are highly
variable within certain limits. It seemed, however, reasonable to assume
that a surface with a predominance of relative relief not exceeding 300 ft
may be regarded as planed. 'here crest-surfaces possessing such a relief
within a certain class of contour intervals can be correlated upon widely
separated upland features of the sample area, there exists a strong case
for regarding them as parts of a single planed surface.

It is, however, possible that crest surfaces do not represent remnants
of a planed surface and in this case no predominance of a 300 {t class of
contour-intervals can be expected to show in the tables or the associated
histograms. This may be also true in the case of a planed surface subject
to continuous uplift where no consistent scarp emerged to separate it from the
new surface. Such surfaces may be expected, however, to retain some pattern
of relief in accordance with?ﬁrainage pattern existent upon them. Consequen—
tly, altimetric analysis should reveal local patterns of sloping surfaces
controlled by some central drainage line. It must also be remembered that
totals of intercontour areas may be deceptive if several surfaces are present
since it is logical to expect each older surface to be represented by a lesser

total zrea. It is thercfore the lower levels which tend to stand out in a

-
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;Eiagram of the total arza, at times obscuring the existeice of an

upper, older level. This may be further complicated by the fact that

tre junction of two surfaces is usually not abrupt and even a
classically planed surface tay be axpected to have a certein rise towards
it.

Diccussion and interpretation of the histomrenms

The histograms are presented in a sequence which, it is hoped,
will demonstrate the procedure that has led to the Zdentificetion
of separate surfzces. Discrete surfaces are identified by percentage
peaks of intercontour area separated by well defined gaps of lower
percentages. finy uneven surfece when devoid of a& cyclic patfern will
tend to have a cingle peak ot some level, but the peak will merge in
a smooth curve with the other intercontour intervals. In contrast, a
histogrem of a siagle planed surfece, will have a prominent peak flanled
by rather abrupt dips in the percentage curve. It zppesrs that the
zain problem asseciatcd with these generalisations is that of defining
the pltitudinal cless-intervals, allowable within the term of a planed
surface. The vertical interval of 1CO ft, afforded by the available maps,
would sees to be very low and, as observed, there i3 no authoé%%ive
definition of any sccepted limit of relative relief within planed surfaces.
Consequently such limits were arbitarily fixed in two perallel criteria.
& surface possessing a relative relief of no more than 300 ft in no
less than 3 of i.s area dnd of 200 ft in no less than half its aree,
was ccnsidered to represent 2 ressonably plsned surface. It was felt that
the use of such 2 double criterion will serve to eliminate any incen-
sistencies die to incalculable factors of geomorphic evolution.

The histograms may be divided into three proups. The purpose

of the first croun, which consists of histograms representing the
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total crest surface of the sample area and of a2 limited composite
part of it, is to show the emergence of several distinct surfaces
within the area. The second group, which consists of more than
helf of the number of the histograms, represents one physiographic
unit within the sample area - the Eastern Rvampara Hts. This

unit presents the greatest difficulties in analysis, and
necessitated a preater number of combinations. It is assumed that
it can cerve as an example of the principles and, therefore, makes
it unnecessary to treat the simpler physiograghic units in as much
detail, These units are represented in the third grougp of
histograms. Since they are units of residual upland, crest features
representing distinct surfaces are scattered over and intermixed
throughout a large arca. The emergence of these surfaces in the
histogram of the total zrea made it unnecessary to present a
separate histozram of the total residual upland and it was also
deersed unnecesscery to include all the histograms of the separate
features. Consecuently, only the concluding histograms of each
surface area rresented.

It can be seen already in the histogrum representing the total
crest surface of the sample area (Fig. 18), that two class-intervals
stand out as peaks with the higher one lecs prominent and less well-
defined. Such a pattern may represent an expected decrease in
ares of progrecsively older Furfoces and, thus, does not invelidate
the probability of two curfuces. In the same way, the gradual
decrease in percentuge of higher intervals may be deceptive and
conceal Lhe presence of an older, highker surface, represented by a
relatively emall arca. The obvious way to overcome this difficulty

is to eramine & smaller, representative arez and the most logical




choice within the sample area seems to be that landscape in which

2 multi-level topography is visually prominent in the field, namely
that extending from the watershed rldge of the Eastern Rwampara
nort.ward, dewn to the Rugyeye lowland (Map 7).

In the histogrem representing this landscape (Fig. 19) the
+hird, upper, peak emerges very clearly with well-defined 300 ft
intervals between the three peaks. The lover peak's reduced
percentage is, no doubt, due to exclusion of a large proportion of
the lower surface's area from the Listogram. I—this—is—taken-irmto

seccount- bire—praduality inthe-area—from—the-histograsm. If this is
taken into account the graduality in the area of successive surfaces
is guite distinet. The highest of these {three peaks represents
exclusively the watershed ridge of the Rwampara and is not only the
lezst prominent but also the least well-defined. The relatively
high rercentzge of the intervals adjoining this peak, and the lack
of a conspicuous southern limit to the ridge, indicate that the
physiographic unit of which il forms a part merits a closer inves-
tigation,

The hisztogram of the total Eastern Rwampara crest-area (Fig.
20) shows two peaks of which the subsidiary one represeﬁts the
lowest inter contour interval znd is separated f{rom the main peak
by as much as 600 ft. This points to the probability that it
represents an entirely separate surface that should be excluded from
the histogram. In such a case the histeogrom shows a single pealk
and, conse.uently, lendc itslef to zn examination according to the
predeternined criterin of surfuce definition. Since the limits set
by these criteria zre not met with, a further specificetion of the

unit is necesszry. The Ei .ara Mte consist of three main

4
topograrhy elementu: tke watershed ri

ce, the southern subsidiary

d
ridges and the norikern cubsidiczry ridges and foothill spurs. The

ey

- . . s £ S



indicating continuity of the crest surface between these elements
(Fig.?é-). It appears that the only conclusion that can be drawn
from these facts is that the crest-surface of the Eastern Rwampara
does not represent a former planed surface, but an inclined one,
perhars indicating an area of greater relief on a regionally planed
surface.

The features of the sample area which produced the intermediate
peak on the composite histocram and the higher peak on the total
area histogram, whose combined crest-surface has been termed above
- the Gayaza Surface, are grouped together to produce a single peak
histogram (Fig. 25), but fail by a narrow margin to attain the
predetermined limits. A closer investigation of the component
features, shows that lower class-intervals cannot be reasonably
separated or any geomorphical grounds. On the other hand, the higher
class-intervals appear to be produced by two distinct topographic
elements: high summits of hills rising prominently above general
crest-level or of isolated residual upland features, and a belt of
sloping crests at the junction with the northern slope of the
Bwampara. The first element can be regsrded, on lithological
grounds, as representing modified residuals of a higher surface.
The second - ac a rise of the surface towards the junction with the
slope of that hipher surface. If these elements are excluded, the
resultant histogram (Fig. 2%£) depicts a surface within the assumed
iimits. An examination of the relaticnship between this Gayaza
surfzce and the adjzcent part of the Rwampara surfuce, according
to the 300 ft classe-interval criterion (Fig. 27) rev:als a clear
discontinuity of 200 ft with the total Gayaza surface and of 300 ft

with the ;lened Caysza surface.
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This discontinuity is rezarded as indicating both the distinction
of the two surfaces and the circumstances of their differentiation
(tectonic stability followiry uplift and deformation).

The histogram combining the features of the lowest surface

(Fig. 28) shows the remarkable rlanatiorn attained by this Sanga

curface as a whole. It is however, deceptive as to the details of
the surface, in the sense that the amount of planation revealed

in each physiographic unit of the surface in much less pronounced

and it is only the average values that produce the outstanding
predominance of certain class-intervals. Furthermore, each
rhysiographic unit appears to lend itslef, by the distribution of
its component features to a rational pattern of 2ltitudinal belts,

roughly semi-concertric on low area (la 7). Again, an examination
O 1

of the relationship with the higher Gayaza surfzce, shous contiguity
of dominant class-intervals (Fig. 29). The picture that emerges

is of a new cycle dissecting a surfaée planed in a former cycle
under conditions of continuous slow uplift (indicated by the

contiguity of the surfzces). The different phyciopraphic units in

which this new surface dominates, wo.ld seem to have been marginal
to the main plcnation, representing a mzrginal belt of rising
landsurface or subcidiary headwater lrainage basins whose surface
cloves gently from the outlet of the basin and its mein drainage
line, to its watersched.

In conciusion it app-ars, therefore, that altimetric analysis
revezls the existence in the cample area, of three surfaces disposed
in a pattern wiich lends itself to reasonzble explanation:

1. The Hyuzmpara <urfzce which is inclined southwerds rising from
epprox. 5,100 ft to over 5,900 ft a.s.l. with only 59%. of its area

within tue 200 it limit of the 5,20C~5,6G0 It interval. It
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possibly represents an area of initially considerable relief upon
resistant lithology. o '

2. The Gayaza Surface is adjacent to the former on the northiand
separated from it by & pronounced vertical discontinuity:%ggggriod
of stability during its development. Except for a few modified
residuals of the former surface and a rise towards the juncture
@ith its slope, it is a fairly even surface having more than 75
of its area within the class~interval of 4,900-5,200 ft a.s.l.

3. The Sanga Surface represented by numerous, relatively small,
residuals, shows a general accordance of crest levels within the
class-interval of &,600-4,500 ft a.s.l. and is, thus, altitudinally
contizuous with the former surface, denoting development concurrent
with cortinuous uplift. It may represent mzrginal parts of the
main activity of the cycle,

In other ports of the area the Rwampars surface is represented
only in the Vestern Isingiro viere it is wmuch lower indicating,
rerhaprs, an eastward inclination of this surface in addition to
the southward inclination; or representing modified residuals of
this surface. Otheruise only the eguivalents of the Gayaza and
Sanga surfaces are rerrecented and, taking into account tilt and
deforration, end differential peomorphic ccntrol, it is possible to

discern a recsorn

nd explcinzble .aitern of their distribution.
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The HNature and Yistribution of Laterite

Lopects of Laterization and Development of Laterite

In the light of the various, at times contradictory,

assertions made as to the nature and distribution of laterite

in the area and the differences in the interpretation of its
significance, it seems necessary to precede the discussion of this
phenomenon with a review of the basic concepts and theories

coacerning laterite upon which the present study was based.

Aspects of Laterization

1. Concepts of Laterization

Common to all theories of laterization is the concept of the

i individualization of primary parent-rock constituents by hydrolysis

with the conseguent exportstion of soluble base-compounds and,
significantly, siiica and the accumulation of secondary sesguiox-
ides in tieir hydrated form. Laterization is, therefore, essen-
tially a process of solution and subseguent leaching. The
accumulating lateritic materials dornot recrresent a simple, direct
residue but a secondary product of rock-constituents altered by
hydrolysis.

As emrhusised by Frescott and Fendletor (1952) laterization

is envisaged both as a weathering and @ pedogenetic process. In
<

the firct instance lateritic ma.crials represent a secondary

insoluble residue of = certzin volume of rock; in the second - an
illuvial soil-regolith horizon. The implication is that
laterization iz not necessarily concurrent with weathering, and may
form a late slupe reciised only after so0il formation is well~

advanced,
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Another implication is that laterization does not necesssrily
consist of exportation of non—lauerﬂ%'materials and retenbtion of
lateritic materials. It may involve, following individualisation,
the mobilization, migrztion and translocated precipitation of
lateritic materials, whether within the original soil profile or
without it., Related to these concepts, though by no means identical
with them is the concept of reiative and absolute latecritic
accumulation developed by D'Eocore (1954). He defined a selective
accumulation in situ as relative and that resulting from lateral
provenance of lateritic materials ("oblique leaching") as absolute.
Laignien (1958) defines this conce?ﬁf?%ﬁz accumulation of lateritic
matericls results from two distinct procecses as: (1) relative
accumulation - the exportation of scluble constituents; (2) absolute

accumulation - the importation of mobilized lateritic materials.

2. Hobility of lateritic materials

Since the leacking of soluble base compounds oy the ordinary
hydrolytic action of water, carbenic acid and organic acids is a
feature common to all humid clirates, laterization is characterized
prineipally by the mobility of combined silica in relztion to that
of AY and ¥e hydroxides. Combined siiica is, zs a rule, electrone~
gatively clarged in electrolylic solution vhile hydrated sesquiox~
ides are amphoteric, tending tewards the electropositive state.
Concequently, under acrobic conditions, silica i#hobilised by
alkaline hydrolysis while hydrozides are mobilized by acid hydrolysis.
Therefore, laterisation can, ¢t leact iheoretically, sttain
completion only in wn ulkaline medium under ctmospheric influence.
Undir the confitions of cbundant moisture supply znd prolonged

stebility of lundourfac:., which are conducive to excescive leaching
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and thorough impoverishment in base compounds, such circumstances
are limited to weathering zones and areas of deposition above
groundwater level and to environments favouring intensive
mineralization of organic matter. While an acid medium increases
the mobility of lateriiic materials, the measure of this mobility
differs between the different compounds. On the whole, Fe compounds
and minerals are mobilized at a higher pH value of medium reaction
than Al conpounds and minerals whkich, in predominantly acid
environments, means that iron is more soluble and mobile than Af
(Freccott and Fendleton, 1952). The implication of this differential
specific solubility is that mobilized &1 compounds will tend to be
precipitated under a greater range of conditions than Fe compounds.
Where oblique leaching prevzils, they will tend to accumulate

closer to their source and to be less dependent on the mbbility

of water and, thercfore, on topography. Iron compounds, on the
other hand, will be transported further away and their precipitate
will be sczrce on steerly inclined surfaces. This means that
primary leterite will show a greater proportion of 41 constituents

than secondory laterite.

3. Composition znd alterziion of lateritic materials

The evidence of numerous observaticns shows that composition
of laterite and loteritic matericls is not as simple as suggested
by the claszical concept of laterization. The end-products of
the process ac envisared by this .oncept are either hydroxides or
free oxides of 4] and Fe and thre greater their proportion the more

characteristic ard edvirced the ctupe of the groucess wos considered

to be. Conzeguently nich significance was attoched to the

ZiGz/EZC:ratio in the compogition of laterite znd lateritic soils
E




and in “he definition of climetic limits of laterization. It

was discovered however, that what may be called the diagnostic cecmmounds

of lzterite are consiste::tly associated with the prevalence of clay-
minerals, especially alumosilicate minerels. As Haignien (1953) points

out - due to their electropositive state, hydroxides tend to combine with
the electronegative silica and be fixed in colloidal silicate clay*.

This partcking of clay minerals in the composition of lateritic matericsls
hes heen explained in two differeat ways:

(a) Cne school of thought regerds the individualization of free

hydroxides as only the first stage in the process of laterization. It

is postulated that the next stage consists of new synthesis {'neoformation™)
of the clay-mineral kaolinite by resilication of the mineral Al-hydroxide-
gibbsite. Kaolinite is regarded as the end-prcduct of laterization rep~
resenting 2 stable state of eguilibrium unalterable by further laterization
(zegemans, 1951). Such 2fprocess can be expressed in the felloving
schematized sequance:

acid hydrolysis

%,0.A1,0,.65i y ¥ .551i0_.4 XCH

(1 0 M,05.851C, + H,0 Trh1,05.6510,. 0,0 # KCH ~

orthoclase acid al-mosollcete exported base
atkeline hydrolysis

(2} £1,0,.€310,7.0 + 20,0 —»A1_0O 30+ 6310, ~

273 272 2 273"
acid alumosilicate i bbaltc exported silica
regilication
(z 0.. (e} ——— . b=}
) R.,0..3H,0 + 2510, #1,05.2310,27.0 + B0 20~
&ibbs 1te kaollnlte exported water

wiznien, conseguently, meintains that mobility ol hydroxides depends on

their ahility to sssocizte with certain (unseccified) soil substances,
Jorzing with theo elietronegalive complexee indifferent to silica or zay

3*her slectrelyte.
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where a mildly alkeline medium wlready exists, ksalinite is presumed
to be formed directly on the hydrolysis of the‘prim:—:ry mineral (Harrison,

1934)

(1) 21.2”:.[.120 L6310 + 3H20—> 410 42810, 2.0 + 4sio, + 2KOF

3 273 2 2

Both gibbsite and kaolinite favour ferruginization in the form of

sbsortied thin layers of hydrated iron oxides, probably microcrystalline
geothite (Fripiat znd Gastauche, cited in Alexander znd Cady, 1962).

Vith the addition of residusl limonite and hsematite, it represents the
lateritic iron element end accounts for the red colour of the clay.

(b) The formation of secondary alumosilicate clay minerals in the
kotazorphic and pedogenctic processes is, hevever, a common feature of all
hinid climates. According to the other school of thought laterization as

2 process activ: under humid tropica]}climate is distinguished from processes
in termperate climotes by the instability of koolinite. This view envisages,
therefore, a further step in the process of alteration, consisting of the
dizsolutior nf aluscsilicate clay into its ccmponent hydroxides and silica

and of hydroxides into their component alumins end water. Leterization

is, thus, represented as a process cof wregressive degradation by leaching,
reaching a more advanced cieze than katomorihism under temwerate conditions

in enebling the complete removsl of silice ond possibly water.




acid hydrolysis

( £,0.4 6zi i L -+ 0510 _.E {OF
{2) K_0. 1 102 + 2O —r .»'1120J 6 102 120 + 2KOH ~

orthcclase acid alumosilicate exported bhase

alkaline hydrolysis
(3) 41,0_..€510_.E 0+ i 0 — o..wlo 2H.0 + 43i0

273 2 2 2 2 \\\

acid alumosilicate kaolinite exported silica

{ L3 04+ EO — 4 G+ 4H O
%) A1203 312 + E, liz 5+

gibbsite alunins

Accordi to both interpretitions, kszolinite and, consequently,

combined silica, form an imporfiunt component of lateritic materials.
To this may be added a conciderable zmount of uncombined silica,

ustglly in the form of cgidual or recrystallized gquartz. This

4
would cugrest tihast the SiOE/RZO3 ratio is not a reliable guéﬁkative
criterion of defirning laterite (Mohr urd Van Baren, 165%) or
correlating luterization with rainfoll (Glangeaud 1941; Vine, 1949).

Hereover, it is comsidered thet this ritio cannot be used in the

13

T
study of kataworpn laterization cince znalytical technicues are

now regarded as insufficient for comicrison of rarent rocks and
derived clays (Sougerie 195R) and it appecrs, therefore, that the
value of this eriterion is becoming rrogressively more doubtful.

¥Fredominance of Kaclinite in the minersl compozition of
lateritic raterialc iv sttected by numerous clay-mineral analycis
ard normative colculztions of mincr:il composition of leterit

But there are other whick slow predominance of gibbs

nd goethite and e¢ven the occurcnce of certzin cmounts of free

alumins ond 2 | >s (e.g. lYobr and Van Zaren 165h; slexander

there camples origincted in
sug ests that acsociction of Kaolinite

@ certoin distributionsl jzttern




vhich corrélates with climatiec differenta viation, and tends to lend
weight to the theory of progressive dsgradation. It implies that
chenges in the proportions of different clay minerals may indicate
not only stages in a unifirm process but also variations of the
process, dictated by the voriations in ti.e environment of the
Process.

Another aspect of the composition of lateritic materials
concerns the relative importance of A} and Fe compocunds. It would

aprear that vhile the quantity of aluminium compounds and wminerals

ar exceed tlat of iron compounds in the composition it is
D

oz

Ty
the ireon compounds which are associated vith a2ll forms and mani-
festitions of laterization and, conzeguently, moy be regarded as
diaznostic of the process (Alexander and Cady, 1662). Since iron
compounds are, rrecsumably, more mobile thon aluminium compounds,
they gradually gain ascendonce over them in the composition of
lateritic materisls with the decrease in amount and increace of

intermittence of moisture supply.

4, Environment of luterization

It follows from the avove that variation in the amount'and

distribution of moisture surply effect a differentiztion of

leteritaticn into roughly two muin forms which mey, perkaps, be

desirrated afier lLubert's (1954) terminology of leteritic coils -
ferrallitiuation =nd ferrupinizciion. Ferralitization, defined
a5 occurring under a regime of cbundent and continuous or semi-
cenilnuous ruinfell, involves mobilization of both aluminium and

iren h ¢

rre.¢nce of free wlumina, Ferrugini:ation, on

occur: wiere rzinfall is lower* and especially where

rie (1958) - lower thin 60 irches of annual
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i
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in its original definition, inherent in the tern




[

[944
-

the . . A
[rainfall seasons are contrasting. The effect of leaching is less

profound and it is mainly thc more mobilc iron compounds that are

aifected.
The use of a climatic factor as a decisive criterion in
definition of laterization forms emphasizes their zonal nature and,

no doubt, laterization on the whole, is a zonal phenomenon. There

is, however, some differerce of opinion asz to tie validity of its
subzonal differentiation into ferrallitic and ferruginous components.
Since laterization, as obuerved, is essentizlly a process activated
by movement of water, it cannot proceed typically in intrazonal

cituations where drainage is either impeded or too rapid. In the

first case, solubie compounds cannot be removed from the prefile

and oxidation, favouring immobilization of lateritic naterials,

may be retarded; in the cecond-erosion irevents the development

of the profile itself.

It is, therefore, only where dreinsge iz free that differentia-

tien into a "ferrzllitic" urnd 2 "ferrupinous" environment can

ake A Wferrcllitic" environment presupposes a fairly

o

¢ ntinuous hydrolysis and, under undiziurbed conditions, a fairly

dense, sitody, forest cover. Jhese condilions ensure an uninterrup-
ted and relctively rapid procecs of weathering and an undisturbed

and rapid deccomposition of litter. Both these processes bring
about 2 constant supply of liburcted or individuzlized base

compounds from wezthering rock and min-ralized orgonic matter. In

young anc, conce.uently, relotively shallow soils, where the effects

of these procenses

ge and be di.tributed throurhout the
1

Frolile, conditions for on nlkuline hydrolysis are obtained and

iypical vccunuletion of cesiuionides and exportation of silica are

effected. duccends with the deepening of

the £oil p: in conditions ensues. rhe supply

»:
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of newly liberated basce is no longer available throughout the
profile and the increased volume of water permeating the soil mass

dilutes the soil solution. Conse.uently, alkalinity weakens.

zre rainfall is very high and its distribution equal these
conditions of weakly alkcline hydrolysis are retained. ledium
reaction becomes zcid encuph to make migration of silica difficult.
it the same time, intensive hydration of zesquioxides raises their
isoelectric points and, conseguently, affords more opportunity

for their combination with the clectronegative silica into clay
ninerzls or ferro-ciliceous complexes. It appears, therefore, that
in the stote of ecuilibrium achieved under these conditions the
preduct of leterization is -ot luterite but Kaolinitie clay with
abeorbed iron~mineralc. Nore typical ferrzllitization occurs,
aprorently, whire rainfall is not exccssive and is unequplly
distributed. In the lez

discontinuous movement of water and occasionally a temporary

sz rainy seasons there is a slower and more

dehydrotion. Alkalinity is enhcnced and better conditions for
exportation of zilica and precipitation of hydroxides are created.
in the more rainy seasons, a more acid reaction and, thus, greater
nobility of hydroxides prevail. This ulternation of conditions
brings about z concentration of hydroxides in a certain preferential
horizon and a diffcrenticticn of the proiile into ceveral horizons.
The korizon of concertrsticn will develop into a lateritic horizon
trough, probubly with = larger proportion of clay then of individ-

uclized sesguioxides.

ine ide=l environment Tor lateriiation cnd developuent of
leterite apperrs to be thei in which Llere is a definite alternation

oven where total reinfall is relatively

of roiny




high hydrolysis is more or less interrupted. Vegetational cover
allows direct effect of insclation on decomposing litter with the

resultant inhibition of bacterial activity. This, when added to

the lrrger proportion of grassy vegetation, induces a more rapid

hupificaticrn and a slower mineralication than under forest. It

iz alse under these conditions that fluctuations of ground water

table are most pronounced.

In the reiny seasons the hydrolysis effected is very acid.
Where soils are young and shallow the humic acids may penctrate to
the base of the profile and in deep, aged soils they augment the

acidity caused by the reasons stated above. Where total roinfall

is

is high this entails the mobilization and exportation of both

aluminous and ferrcus hydroxidez. Vhere rainfall is lower only the

wore mobile iron compounds are exported. They are precipitated

; in the weathering zone, where the supzly of buses overbalances the
: acidity, or

)

t the upper limit of raised alkaline water-table,
carrying baces from ugp from the veathering zone. Possibly, in the
trancition periods between the rainy cnd dry seasons, when penetra-
tion of humic acide iz inkibited znd the concentration of solutions
grovs, alkaline reaction is asserted for a certain time. It would
: certainly be more yronounced in the weathering zone and at the

i upper limit of the water-table, thus allowing for the release of

cilica from the clay minerals and its removal from the lateritic
horizon.,

In the u.ver horizons, however, it would be wezker and

enadle formction of alumosilicute clay.
: In the dry secson, with percolation ceasing and water-table
f2llin

[y

y bydrolysis virtually ctops and the only movement of soil-

water is, perhcpe, cepillery, though this is posuible only where '

PSS

the ground woter-tuible does not fall below o certain depth,
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In any case, the dessication of the soil-regolith profile
facilitates prolonpged oxidation znd immobilization of hydroxides
in the lateritic horizon.

Tiis is an environment in which soils are more subject to
truncation by erosion, exposure of the lateritic horizon and its
hardening into laterite. This is also the climatic regime under
which the transition from a "ferrallitic! to a "ferruginous"
environment occurs. It is difficult to fix a climatic boundary
between the two. Jccording to D'loore (1964, p.96) Mferruginous®
or "fersiallitic! soils are found betwecn isohyets 500-1200 mm
(19.5-57.5 inches). Rougerie (1958, ©.Z04) states similorly that
ferruginous soils replace ferrallitic in the regions having 1000-
1500 mm (39.0-59.0 inckes), while Haignien (1952, pp 107-110)
describes ferruginous profiles from arecas heving 30-50 inches. At
the same time, in Uganda, Chenery (1960, p.19) classifies within
the rainfall range of 20"-%0" both "ferruginous tropical soils"
and ferrallitic soils (including the intermediate ferrisols).

It wouls seem thzt beside total rainfall, this boundary depends

2lso c¢n the length of the dry season (including the difference
between the ecuatoriazl regime of two dry seasons and the tropical
regime of one long dry sezson), on elevation, which may chunge the
effective vzlue of rzinfell, and on the geomorphic-climatic history
in the senze thot ferrallitic soils in z subhumid area mey represent
products of former climatic conditionsc.

It geems tht asvtotal reinfall falls below 35-40 inches
hydrolysis becomes weak and infrequent causing only the individ-
ualization of basec arnd some ircn compounds. Laterization does
not rroceed beyond formation of clay, probably also incompletely

kaolirized. Jiliecn i. retzined and hydroxides of iron do not
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concentrate in a preferential horizon. Whern rainfall is over
20" there is still accumulation of hydroxides and even precipi-
tation of iron in concretions but scarcity of water favours
dispersicn of Iiberated iron hydroxides through impregnation or

absorption on clay minerals.
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Development of laterit®k and its geomorphic significance

1. The 'laterite profile' and the derivation of lzteritic materials

One of the commenly recognized field properties of laterite
or of a lateritic herizon is its cssociation with a characteristic
profile. The term 'laterite profile' is not usually applied to
the whole of the soil-regolith profile in which lateritic materials
accumulate in a2 certain horizon. Its application is restricted
to that part of the profile which includes the lateritic horizon
and underlays it. It can, therefore, be recognized also after

the soil horizons above the laterite huve been stripped away. Indeed,

t was in this form that the 'laterite profile’ was originally
recognized, deccribed and interpreted by J. Walther (1945).

The nature of this profile is well-knoun and needs no descrip-
tive elaboration in the present context. It does, however, involve
certain properties which secem to have besring on the present
subject. Cf thece, the relative thiclness of the two main
horizons of the :rofile ~ the lateritic horizon and the 'pallid
zone' - is associuted with two interreleted aspects of geomorphic
significance: the mcde of accumulation and the derivation of
leteritic materials,

The 'pallid zone' of the 'laterite profile' reprecents, with-
out any doubt, the macs of weatiered rock from which most of the
constituents nzve been lexnched leaving an nlmost wholly kaolinitic
residue. This is indicuted by the meny instancec in which
structural chsructerictics of the yarent-rock are preserved in this

2one despite the profound chenical and mineralogical alterations,




and by the presence of transitiional zones between it and over-

lying laterite ("mottled zone") and the underlying parent rock.
Since the tiickness of the laterite is usually much smaller than
that of the underlying pallid zone, it iz reasonable to assume

that the lateritic materials originated in it. Indeed, it is
difficult of account for the large amount of iron concentrated with-
in the lateritic horizon, on thez one hand, and the paucity of

iron in the pallid zone, on the other unless its origin is postu-
lated in the great volume of underlying rock (Trendall, 1962).

Ko doubt, in part,ef the lateritic materials are derived from
the overlying soil horizons through the agency of percolaiing
rainvater but the very small relative magnitude of so0il mantle,
usually much smaller than that of the lateritic horizon itself,
can uccount only for a very slight portion of the accumulated
laterite. If, then, the main source of lateritic materials is in
the underlying rock, rcpresented by the leached 'pallid zone’,
their only possible agency of upward vertical transport from the
veathered rock to the lateritic horizon is & fluctuating proundwater
surface. The leaching of the roci: is, presumably, achieved by
dlkaline hydrolysis under znzerobic conditions. Their precipitation
occurs where rising water-table carrying them in solution comes
under ztmospheric, oxidizing, influence, assuming of course, that
the lateritic horizon is permeable to such an influence.

It would appear that ubere proundwater forms on undulating
surface under an ureven lundsurfice, laterzl movement of the water
will groatly inkibit the sccumulation of precipitated lateritic
materials or resctrict it to the .ummits and depressions of the
grourdwater surface. Apparcntly, then, an accumulation of a thick

and extenszive l.teritic horizon cannot occur where the upper limit
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of the water-table fluctuation does not reach the zone of
ztmospheric iniluence or where lansurface form and lithology do
not preclude iateral movement of ground water. In other words, the
differentiation of a 'laterite profile’, especially one with a
thick lateritic horizon and ‘'pallid zone', would occur on a
relatively even surface, at a late stage of the erosion-cycle, with
the attendant slow rate of lateral groundwater movement and waste
removal and the ccnsecuent deep weathering (Prescott and Pendleton,

19z2).

2. The theory of izterization as zn agent of landscape development

This, apparently widely accepted principle of the theory of
laterization has been lately challenged by De Swardt and Trendall
in their joint (1961) and separate (Trendall, 1962; De Swardt,

1964) papers. They mzintzin that the volume of the 'pallid zone!

aseuning a 300 loss during laterization, 20 feet of granite are
needed to account for the iron contained in 1 foot of laterite.
Witk an average thickness of 30 feet, the mascive Buganda laterites
indicate, according to this culeulation, a lowering of the surface
by azpprox. 6CC ft. The process of laterization is, therefore,
envisaged os as:ociated with a gradual downward migration of the
'laterite profile' resulting from the removal of solubles from the
underlying rock, erocion by surface wash ond progressive weathering
in depth. It is activoted both by vercolating rainwcter and
fluctuating groundwuter, with the latter, presumably, forming the

decicive

The czlculriions involwed zre baced on the assumption that the

accurulation unifornly relative.

1lunyz be the case. At any one place accu-




materials may be of diverse origin and genesis, i.e. - partly
imrorted and even secondary. The measure of genetic heterogeneity
would be dependent on the evolving pattern and form of the surface
upon wikich laterization proceeded or the one developing in the
following cycle. Froblems of derivation arise especially where
thick laterite overlies fresh rock or a rock-type defficient inm
lateritic elements (e.g. cuartzite). In such cases a lateral
provenance must be invoked or a2 denuded overlay of a different rock-
type - an assumption which does not always conform with the
geological evidence. In any case, such possibilities would make
calculationz of the amount of consumed rock according to the thick-
ness of laterite, much more complicated.

Witk these qualifications in mind, the theory of derivation
of lateritic materials from a rclatively large volume of rock and
of the progressive downward migration of the ‘laterite profile!
has much to commend it. It is the geomorvhic conclusions derived
from it that appear doubtful or, rather, inconsistent. Lateral
removal of non-lateritic constituents of the consumed rock volume
iz an essential factor in the theory and it implies control by
some base-level. Laterization is, therefore, coincident with an
erosional cycle. The initiation of this erosion-lazterization cycle
¢id not necessarily occur only.on an uplifted planed surface, though
tLe postulation of such an initizl surface would much simpli&y
the explanation of loteritic cccumulation (as demonstrated by
Trendall (1962) in hi:s idealized description of the process. But
while it ir regsonable %o ascume the initiation of this cycle on
% very ureven surfice, it is difficult to see how such a cycle can

be rresured to culminate in u thick accumulation of laterite on a




surface nearly as uneven as that of the present day (De Swardt and
Trendall, 1961; De Swardt, 1964).
Trendall, in his theory of 'apparent peneplains', based on the flat-

lying laterites of Buganda's hill-tops necessarily does not support such
a conclusion. - Yet, in regard to southwestern Uganda where landscape is
more vaiyed due to differential lithology, a theory of physiographic
development is propounded by De Swardt and Trendall (ibid.) which envisages
the formation of a thick laterite uniformly upon a very uneven surface.
It appears, that these authors view the landscape lowering, not in the
usual terms of a geomorphic cycle, but as a process of simultaneous,
parallel lowering of available relief and of the associated 'laterite
profile's Thick laterite isy thought, therefore, to have been formed on
guite steep slopes and, as observed, evidence of sloping laterite is
presented and assertions of patchy presence or absence of laterite are
emphatically denied. The occurrence of laterite is discussed in the
following section and at this point the theoretical problem of laterite
on slopes, and the evidence presented in support will be considered further.
From the theoretical point of view, it appears to the writer that
De Swardt's and Trendall's view of the geomorphic process associated with
laterization is based upon too literal an interpretation of the term
'residual laterite'. De Swardt himself notes that the progressive lowering
of the 'laterite profile’ involves constant solution end redeposition of
lateritic materials in depth and replacement of the leached and porous rocks
below (ibid. 1964). A phase of solution is, of course, essential also
for the individualization of the secondary lateritic materials from the
primary minerals of the parent-rock. However short is this phase of solu-
tion, it indicates thaty lateritic materiels do not represent a direct
insoluble residue of the perent-rock and are subject to the mobility of

the solvent medium. Cver periods of geological duration (Trendall calculated
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downslope. Fresumably, on moderate and gentle slopes

un occur bul even in such a case its thickness will
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of thie laterite cheet, ic 5-C miles, which with a differsnce of
$C0-400 ft, means a rise of 40-60 ft/mileg or an average of 1/16 - 11
scarcely a considerable slope.

inother aspect of Trendall's theory of laterization as an §

agent of landscape development, which apreers in need of furtler

considerction concerns the nature of the pall d zcne in relation to i

the thieckness of laterite accumulation. According to this thebdry, g

i% is essential thot the laterite profile as a whole should migrate

dovnwards unchanged, and the thickness of the pzllid zone, indicating

the major source of iron-compounds, be directly related to the

anplitude of proundwater Iluctuations. This appears very doubtful

£ this zZone iz of in the order of hundreds of feet

vhere the dexth of

dall's evidernce from the Hasaka District). . 3ince

groundwater beneath a lateritic horizon
‘menbility, whatever thiclness 1%t attains {presuming

the view that loteriustion iz acsociated with lowering of the surface)

te ussume thul deep weathering results

glaration and deep saturation by ground-
wvaler vith a gently undulatings surface under a stable plaoned land

the weathering in depth of the

rallid zone occurred through free lcachin~ conceguent ujon &

i c
1iz, however, ceenms less likely
1

11 be under zerobic conditions cnd couseguently the
)
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enesis of laterite jproceeds within a soil-regolith

& it formz a lower horizon, usually illuvial. Since

sedogenetic process of laterization involves sraduznl

I
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sccurulation of laterilic mzterials, the laterisssies horizon

ts characterisiic properties progressively. Consequently

i
the widely recorrized distinclion betwcen laterite and Toteritic

ac

-letive chan es - throush the

tdlco Lo dectruction of lzoliniie.
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compounds by com lexing {chelation) with organic matter (Bloomfield,

o2%, 1955; taignien, 1958) and under certain circumstances, presumably,
by lowering the pH. Establishment of vegetation on hardened laterite is,
however; closely connected with the problem of laterife as a parent-
material in pedogenesis. 1In most cases, it appears, soils derived from
a thick upland laterite crust, are relatively shallow and skeletal and,
indeed, it is difficult to envisage the development of any other type of
s0il on such a poor pateni material. Alexander and Cady maintaiua that
"A11 soils over a disintegrating crust show additions of wind-blowm,

water transported or colluvial external material' ond aduit that "for a

crust to break up... it seems that some overlay or additional material
that cen supply mutrients and hold water for vegetation is almost essentizl'.
Associated with the hardening of laterite is the minor problem of
definition of laterite. There is still some confusion in the literature
as to the use of the term when applied to the different products of the
different phases in the process of laterization. It is clear, however,
that from the point of view of geomorphic and pedogenetic significance a
clear distinction must be made between the lateritic horizon within the
original soil-regolith profile which consists of a relatively soft,
friable, earth-like material, and the hard, rock-like mzterial, resulting
on the exposure of dessication of this horizon. It must be noted, however,
that between these two extremes there are intermediate forres, indicating
both intermediate phases and variations of process. Concentrations of
lateritic meteriale in an illuvial horizon are not the only form of
laterization, Precipitation of lateritic naterials, mamely-iron compounds,
often takes the form of concretions within the 50il medium, at times around
s0il gels or around small fracments of unweathered rock. Such concen-
trations of concretionary material ean attain considerable hardness and
resistznce to weathering, but if they are not cemented by a lateritic matrix
into a massive herdpan, they cannot possess the geomorphic and pedogenetic

significance of u luterite crust.




g

[
(=]
&

The llature of ILaterite

Cccurrence of Iaterite

The occurrence of lateritic accumulation ir lowlands

In lowlands of the study-area, mottled, clayey subsoil
horizons and their indurated exposed ecuivalents occur only sparsely
and are confined in their distribution to incised edges of drainage
lines. In most cases the measure of induration of these outcrops
is relatively small and it becomes progressively les: with depth.
Also in most cases such outcrops can be cleszrly related to existing
s0il profiles and conceguently regarded as products of contemporary

or sub-recent laterication, at least of younger age than tihe low-

lard surface under vhich ther exizt. This is the lateritic

accurpulation referred to and Trendall (1961) as the

YLower Laterite" and, as indicated by them, it is at least partially
¢f secondury origir, with the scurce of its materials in the older,

higher accurulation. It is only if the unhardened lateritic material

is included under the term of 'laterite' that De 3wardt and Trendall's

Btatement that laterite i: extensively developed in the Orichinga

Valley (ibid. p.47) is wvo

Lovw scurps of indurated outcrops,
do exiust wt the cdge of the ;reccernt valley-floor, but only in one

cage, on the erztern s'de of the lluko valley (the northern contin-
uation of ithe Criciings), cun the muterial be, somevhat doubtfully

descrived as hLurd ironctone.
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Flunmer (1660) mentions few other ouicrops of this type and
maintains that only a few limited outcrops of lowland laterite have

been recorded in the area covered by Sneet 86 of the geological map

which includes most of the lowland in the study area. Phillips (1¢59)

mentions and depicts only a very few cases of lowland laterite in

the area surveyed by him and included in the present study-area.

He relates them to a young surface of comparatively recent origin.

The conclusion that lowland laterite accumulations are usually of
relatively recent origin and of rare occurrence in the area, was
confirmed in the course of the present study. Cesursesnes-in-the—erea,

vos-—corfirmed in the covrs £ gl

in£¥ ef~thre—rresent—=tudy. Cccurrences vere

found to be limited to edges of drainage lines in relatively close
proximity to eroding slopes, or to formerly inundated flats (e.g.
the north-eastern shore of Lake lburc). The fact that lateritic
accunulations are not found in the centres of extensive lowlands may
be explained by tie deep weathering and prolonged lezching of such
areas.

Since the gruatest proportion of lowlznd lateritic accumulations

501l profiles and largely retain soil-
like properties, their -eomorpric and vedogenic cignificance in the

Lrecent content i itratively small. Ccnsequently, the usage of

e
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the term 'laterite' in the present study follows that azdhered to
in the memoirs of the Research Division of the iinistry of
agriculture of Uganda (Chenery, 1960). According to this definition,
the term 'laterite' applies to "fer.uginous rocks which are....

hard (that is, they cannot be broken in the hand or when dropped)”

and occur as '"sheet and/or erratic ironstone" (ibid., pp.29-30).

Evidence of laterite on the upland

A consideration of laterite involves three main aspects: the
rattern of its distribution, its form of occurrence and the nature
of the laterite profile, namely the thickness of the laterite
horiczcon cnd the precence or abrence of 'mottled! and 'pallig'
zones. JAn examination of the evidence may start with the negative

tate

ment that there is no specific evidence in the literature of

i3

case of a 'pallid' zone underlying laterite on sedimentary rocks
vithin the limits of the study area. One case is cited by De
Swardt and Trendzll (1961, p.30) from an unspecified loecality in
the Koki Hills (iiasaka District) where shales are stated to have
been zltered by lezching into fine guartz and kaolin to the depth
of 200 ft below the laterite. Indirect evidence is supplied by
Phillips (1959) in the Rakai peolo ical mayp, where Kaolin is depicted

as present in the Zupanda Hill in nortiern Koki.

g~

& obzerved (Table i De ) Yayland (1934) wmeintained that

iy pregunably reyrecented on the crests of the sankole liighlands,

McConnell (1955) asserted that

his

e

carries only patches of laterite.
the suaze surface (YAnkole Zurfice™) 'does not as a rule carry
laterite! und thet, on the other hand, the Mioki Surface' carries
. It ic of interest to note that both these

ascertionc nre denied by other investigatoers.

- -~ -, .. - " — Py s -
(1961, p.44) and De Zuardt (1984, £.323), basing their view on

De Swardt and Trendall
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Plummer's testimony, state that lcConnell's assertion of the
absence of laterile on tie Ankole Surface is incorrect and that,
in fact, i1t carries a thick laterite cover. On the other hand,
Radwanski (1960, p.34k), while describing the soils of the Koki

s

Hills, negates lcConnell's assertion of thick laterite on the 'Xoki
Surface'. Ee states that 'laterite as such, is not present on the
creste of the Koki Hilis. He admits only to the presence of a
surface crust of iron-oxides and a few laterite boulders which he
regards as relics of an older, and now memoved, sheet of laterite.
The thin surface crust is, in his opinion, a secondary product
derived from the disintegration of the old shect.

{cConnell does not specify the exact value he assigns to the
designation of fthick laterite'. De Swardt and Trendall, on the
other hand, state that the thickness of the 'Upper Laterite'
(including lMeConnell's fhnkole' and 'Koki' surface) is 'probably
between ten and thirty feet' (op.cit. p.28). Kore directly related
to the study-area is the evidence presneted by Flummer, Fhillips
and Karrop (1960). Flummer's treatment of the sﬁbject of laterite
is almcst entirely concerned with its geomerphic significance.

The description of its distribution is stated in altitudinal terns
but imparts the impression of a uniform spaf@al presence on upland
features. He refers to the nature of the laterite only in the
rreamble where he states in gencral terms that its thickness is "of
a score of feet or more" (op.cit., p.1Rk),Ymakes such a thickness
difficult to credit. Plummer's evidence (in. litt.) cited by De
Swardt and Trendall, viz., tbat south and east of Kbuarara he found
laterite to be co extensively developed that it mested the underlying
geology and ceriously hamprred mapping, seems barely sufficient to
Juetify their irplied conclusion thast laterite is uniformly present
and thick. & threc-feet thick cover of laterite, even a three-feet
V However indiveckle Wiy evidenen wmphies that laterie cover camnsk be ever

UML\«_‘ aniformly cver a scove of Lecl Ahnick, The wmenkion q\_ \ives o& ﬂuu\‘ﬁ;h-
toolders .luﬁ“‘,‘ﬂh\‘-\rou*‘,’ the taberite (_ovu(o‘:e. C'-\"-' P 14)
N 2 3

i
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deep mantle of soil, mask the bedrock geology as effectively as a
30-feet thick cover.

Horrop's evidence, while more clearly presented than Plummer's
is part of a general soil survey of the whole %estern Region and,
therefore, necessarily brief, generalized and lacking in detail.

He testilies fo the presence of thicl laterite on the hipgher crests
of the Rwampara (e.g. Karamrani), but, at the same time, states that
on lover ridges laterite remnants are only sporadically present and
then - less well-develored than on the higher ridges. Iv may be
significant that the type-profile of the upper member in the relevant
soil catena (Bugamba Catena), shows phyllite as underlying the C-
norizon, with no laterite in any of the horizons. In the Isingiro
Eills, on the other hand, lzterite is stated to be present at the
base of the crest soil-series (Rugaga Series). The type-profile
shous disintegrating laterite in the lowest horizon and the presence
of 2 continuous sheet of underlying laterite anpears to have been
deduced from the frequentl outcroppings of shecet patches on the
perirhery of the crests. 4t the sume time the occurrence of laterite
under the soils of this series is admitted to be difficult to account
for on pedological grounds. As to the presence and nature of laterite
on o:ker upland units, larrop - by correlating them with the loki
#ills - appears to accept Redwanski's version (ibid. pp.34-38).

Lastly, Fhillips devotes u brief section to the distribution
of lzterite in the ezstern part of the region, but he also is con-
cerned mainly with the geomorphic aspects of altitudinal distribution
and alludes to the noture of lcterite only in stating that it is
cellul:r and, in several places, thick, He does not specify how
thick, it is (1959, p.3). Howcver, he identifies lotcrite almost
universally, thousk not ccucily, throuzhout his area. The consis-
tency of lsterite asscciction with crests decreases noticeably from

the Regezs hili\ mess to Enstern Koki, but even so the frequency
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and extent of laterilte relicts on the Koki hill-téps is such as to
contradict Radwanski's evidence, unles: they signify no more than
the presence of lateritic residues.

There are, thus, twe contradictory stztements of evidence as
to the presence of laterite in the upland of the area. That presen-
ted by ilcConnell,Radwanski and Harrop who, either directly of by
implication, maintain that laterite is not universally present, at
least not in the form of a thick, continuous sheet, and that presented
by Fhillips, Flumner erd De Swardt and Trendall who, again directly
or by implication, maintzin that the whole upland surface is unifprmly
covered by a thick laterite shcet. An important corollary of thkis
last view is the recognition of the exisctence of such a sheet over
the slopes comnecting the different levels of the upland crest-
surface. Lo observed, it is a basic premise of the 'Laterite Surfaces'
concept, that it should cxist on slopes. Flummer also cites many
cases in vhich the laterite shecet extends over sharp breaks of
slope, and is continuous between levels, but apparently also recog-
nizes that tiis is not a universal phenomenon and that "a sharp
break in slope is not conducive to laterization" (opp.cit., p.19).
Fhillips mentionc many cases in which laterite extends on to slopes
and has an inclined surface, but it is never stated to connect two
crest levels, wbich are treated as separste surfaces with, presumably,
erarate Jevelopment of laterite.

In 2n attempt to evoluate these contradictory views, two
pointc seem to be of importznce: the context in which the observations
procducing the evidence were made znd the curious fact that all of
those urhoiding the second view ore geologists while of the three
upholding the first - two are pedologists. Of all investigators

only De : ndall were specifically concerned with late:rite.

On the otier tand, only Ylumner and TFhillips were specifically

concerned with the relevont area and surveyed it in detail. HNcConnell
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and De Swardt and Trendall were dealing with the problem on a
country-wide scale while for Radwanski and Harrop the area wvas

only 2 part of a wider survey. Understandebly, the wider the scale
of the study the less detailed are the observations, the greater

the depenience on isolated examples and second-hand evidence and,
perbaps, the grceater is the tendency to generalize from observations
in another areaz or region.

It is necessary, at the samc time, to keep in mind the basic
differences between geological and pedological surveys. A geological
survey dZends mainly on superficial outcrops and its purpose is
identificatory and interpretative. Laterite is, usually, of secondary
importance to bedrock from the lithological, petrograprhic and
structural points of view. A soil survey depends on sample-pits
aznd transects of profiles and its purpose is classificatory and
analytical. ULaterite is a factor of prime importance in the classi-
fication of tropical socils according to profiles and pedogenetic
rrocesses. Its nature, as to‘morphology and composition and the
structure of its rrofile, is of more significance to pedologists
to whom it regpresents either part of the soil profile or a parent-
zzterizl, tian to geolopists to whom, in a geological survey, it
regresents merely another surface deposit. It may be important to
se, in the area, in vhich laterite was

£

note again that the only ¢
identified in a type-profile of soil, it was described as disin-
c

iness was not specified and the whole yphenonmenon
of laterite underlying a deep profile of a frirly fertile soil, was

deemed to be very problematical. Lastly, HeConnell may have been

incorrect in ststing that loterite was absent 'as a rule' from the

.

fnkole Zurfoce, but it iz difficult to assume thot he made his
ascerticn uithout zny obuervational foundation and that laterite is

rresent everyvihere cn this surface.
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rorms of laterite Cccurrence

In the course of the present study it became clear that although
laterite as defined above, is found almost universally upon surfaces,
it definitely does not blanket them uniformly. The continuous
sheets completely capring the crests of upland features, which are so
typical of the Buganda landscape, are confined in the study-area
to certain landscape units and certain altitudinal limits. Even
where found, complete conformity with crest area is present in only
certain ccses and the thickness of the cheet isyusually lower than
the average thirty feet of Buganda laterite.

The laterite found in the zrea is conspiculousiy heterogeneous
botk morpholepically and genetically. It is found in continuous
sheets und erratically, its accwsulaticn can be either nbsolute or
relative and its origin - primary or secondary. Since all these
attributes seem to lend themselves to a topographical znd altitudinal
pattern, the described forms of occurrence are classified in this

vay. (Figs.3o3}.

1. Laterite on the upper surfaces

2. Crest laterite

Helicts of a mosgive laterite sheet occur on the flattened part
of the Rwampara Surface cresis. Those examined are of relatively
linited extent (the largeet being approximately two acres in area),
2nd pos..ess a fairly rounded form rrnd lack bounding scarps. Conse-
quently, their prescnce on the crest can be discerned only by the
noticezble steepening of their slopes in comparison to the general
crest surfuce. Their thickness ceems to accord with Flumser's
estinete of about & score of feet, but this appears to include a
certain thickness of &« westhered zone preserved beneath the laterite.
“he presence of laterite blocks aond fregments on the slopes and at

the brse of itke relict =nd the disposition of encroaching vegetatiion




in an irregularly linear pattern of fissures and cracks iupsrts
an impression of a dismantling mass, considerably modified from its

original form. Furthermore, a fairly extenszive belt of a relatively

superficial ferruginous pavements surrounds the relict, on the

adjecent flat crest surface and extends up its lower, gentler,

slope, probably representing a secondary colluvial accumulation.

Relicts of this type vere found only in a very few places, on
J P ]

the southern ridges of the Eastern Rwampara. In all probability

meny otkers exist, perhaps of greater dimensions, The presence

of an extensive, thick, sheet of laterite on the Karamrani ridge

apyears from the evidence to be indisputable. Eut whether or not
such relicts sxiet in great number and cover considerzble crest-
curface sreas, there is no doubt that large %racts of the Rwampara
surfece crest-area are entirely devoid of such a form of occurrencce.
This seems to apply with even greater emphnsis to the crests of the
Cayaza Surfuce where, it 1s believed, no such relicts exist at all.
Field evidenc. within the study-area thus indicates that a state-
presence of a continuous cheet of thicl laterite upon
the Rwempars lits impoarts cn entirely erroneous impression which, as
will ‘be argued, is not borne out by the tects of soil znd vegetationalq

distribution. Conceguently, Wuylend's original assertion of patches

of lzterite, see to zccord with the observationcl evidence better

than cny other ascertion. The existence of the luterite sheet on q

the Karemruni simply indiccte a better preservotion upon the

higher parts of the wstershed ridge.

cr fre.uency and almoszt universal appearance on

wnd CGeyaza Surfeces iz the type of Interite

Favenent rcroclated with the periphery of the crests, usually ot

the edie of the crect-sloryc. These pavements have, as a rule, a

N ) o . : .
curfrce (27 = 5 ), which may conform with or be of
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sozewkat lover angle than the crest slope. In all observed cases
such pavements emerge Ifrom beneath a soil mantle and thus, when
they appear on both sides of the crest, impart the impression of
a continuous cheet of laterite underlying the soil and blanketing
the crest. There iz, however, strong ecvidence to the contrary:

the thickness of the lcoterite at the edge of the pavement, never

s exceeded, in the observed cases, 3 ft. The edge itself, never forms
a scarp and always puters out before the top of the steeper hill-

side sloge is reached; in some instances laterite was observed to

lap around outeropping boulders of guartzites. 4t the edges and in

excavations, laterite is ssen to rest directly on fresh bedrock with

no mottled or pallid zones underlying it. The morphology of laterite
shous discernidle structure of pisoliths irbedded in a laminar

natr

. lostly, soil pits (see Fig.®%b) along a section from the
crest to the oulerop of tihe pavement show a progressive downslope
compaction of the illuvial horizen and increase in ferruginous
sottling and in conceantration of concretionary nodules. On top of

the crest, thourk it may be as much as f£ifty fect higher than the

pavement outcrop, disintegrating phyllite is reoched at a depth of

a

(el
?
{
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fifty-sixty inches or less.

There seems, therefore, to be little doubt that the laterite

o

pavezents do not represent the edges of a2 leoterite cap or any

relutive accumulation, but re¢sult from an absolute accumulat

(]

i o
obliiuely leached, mobilized, luteritic materials of the soil montl

vhose trunsport iz engendored by the convexity of the crest surface.

It is 2 procesz which, ©

31

orcbly, hac been active cince the develop=~

zent of the soil cond ic still active ai present as is evident in

n tle hollows excavated for the purpose,

iron-rich water gotrering i
lctive duration of the process can be
ve thicknecs of the wpavement, and with

the releoti

rock trincformed into soil on the crest slope




since its beginning and the differential guration of pedogenesis
on different 1itholbgies and topographic units. With the retreat

of tre hillside slope and the progressive truncation of the soil

profile, the exposed, retreating edge of the lateritic horizon
rardens into &n ironetone pavement. It is significant that noZzlater-

ite scurps are crected by this retreat and that the engle of the

pavement's edge is ilover than that of the hillside slope. The

evident current mobilication of iron-compounds, both in the perco-

lating water and in the ferruginous coatings on underlying bedrock,

pEE AT

also lends force to the sugsestion that the pavernent laterite,

vrhetner inherently or becauce df incomplete hordening process, is

less competent than the underlying rock. It is also obvious that

the sole oripin of the lateritic paterisls in the crest's soil rantle

imposes a limit on the poszible amount of accumulation. VWhere clope

w

retreat is aszumed to predominate overvwhelmingly over crest

lowering the volume of crest s0il available as a source of lateritic
saterial, never very lorge on high relief, is constantly on the

gecrease. Consecuently, no thick cheets of laterite can be exrected

on such a Felief, unless the premise of relative accumulation on

steep clore is zccepted. The relutively meagre and incompetent

paverents cznnot hzve the effuct of "freezing the landscupe® and it
e

is undoubtedly the litkological attributes of the bedrock that affect

the measure of the relicf.

c. Fropments of laterite

Tre stetement of the universal occurrénce of laterite on the

1y, thercfore, to shicet or

uprer upland creszt curfuces c.nnot ¥

W nae limited to certain sites and occur

i

thc#crr;hic laterite in the Jorm of disconnected

itz occurrence universal. The morphology and

of erratic concretion-




or pavement laterite.
size-groups: irregular
across, and irregularl

Laterite blocks can be

They

are found mainly in two generalized

ly polygonal blocks usually lazrger than 15"

y shaped gravel usually less than 4" across.

always associoted with present or former

thick sheets of the tyre described above. It appears that the mode

i of disintegrntion of such sheets involves cracking into large blocks

§ falling zway from the edges of the sheet and subsequently disin-

tegrating into gravel which are gradu ally dissolved. Presumably

~rzvel can be forned directly too from the vesicular and hetero-
o

geneously composed sheat laterite. In contrast pavement laterite

does not arpear to produce much pravel-sized fragments and no blocks

of pavement laterite morphology or composition were found. Those

frasments vhich can be related to pavement laterite are on the

whole, of smaller size

products of povement 4
nodules.
it is reasonzble
L

tructure, wherever it

very hard znd relative
vesiculur norpholory &
c

found disperced not

iaterite pavemenic.
is
sheets, but throughout
of great significance,
blanketing of both the
sheets, 4&n attemgpt to
of fragrment dispersion
unsuccecsful because 0

ceasuring of fra rents

and rounder form znd the most abundant

isintegration are very hard concretionary

Lo apssume that angulsr gravel of vestular

iz founé, originutes in the dismuntling of

ly

rd not in the

thick sheets of laterite of the szme
pisolithic-laminer leterite
onzecuently the foct trat such angular gravel
only in the vicinity of reliects of such

the profile of the crest soils, seems to be
since it indicates the possible former
Rwampara and Gayaza surfaces by thick laterite
drow definite conclusions from the pattern
in soil-profiles throughout the area was
£ the lock of time for detailed counting and
in o much larger number of crest soil-pits

Yet, while avail-

r 50il survey and samples.

to revezl nc consistent pattern of dispersioxn,

than vere necessary fo

able rrofiles apyewre

some gerncralized foecto d4id ene
gpecificelly concentroted in
tend t¢ be more vhurndunt In

e

rT
o

&.

laterite fragments are not

any one uoil horizon but in most cases

ihe upger horizons then in the lower;
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on the whole it seems thet soils of the Ruampara surface crests

contain more lzteri
igain, & more accur

to verify these imp

te gravel than Lhose of the Gayaza Surface.

ate ani detailed statistical survey is necessary

ressions but if they are correct then the first

fact possibly indicates the gradual dispersion of the gravel in the

soil downwards from the surface and in any case, negates the

suggestior that the soil was formed from the laterite. The second

fact implies that the original laterite on the Gayaza Surface vas

not as thick as that of the Rwampara Surface.

2. Lzterite on Slopes

2. Fragmenis of lzterite

4s may be expected, fragments of laterite, as angular gravel

5 and concretioncry piscliths sbound on hillside slopes, both on the

2 surface and in the predominzntly shallow soil profiles or as part

of the debris.

Slocks of laterite are found too but in relatively
few numbers. There can be 1ittle doubt thet all gravel and blocks

originated on the crests and probably also a large part of the

risolithic nodules. &z with the distribution of laterite fragments

on crests, a closer investigation is needed before any significant

pattern can be establiched, but the expected increase in number

of fragments, both on flattenings of the slope and along gully beds

is ezsily discernible. It would arpear that on steep guartzitic

slopes the larger blocks of laterite are more or less integrated with

genercl coarce waste-pass while on the bure nrgillaceous slopes

they tend to ctay on tle surfece. Laterite gruvel is subject to

a dispersal pattern intermedicte vetween thoce of coarse end fine

waste and iz found scottered on the surface or within the waste-mass

on the steeper sloyes ond concentrated in larger amounts, exposed

or buried, at thz

.crd of the gentler slopes.

b. Laterite cruuis and prtenes

hewever, tie noin problem of l-terite occurrence on clopes

‘7)‘:




concerns not the erratic frogments whose allochthonous origin

cen herdly be in guestion, bul the exictence of continuous
accumulations which are professed to ylanket slopes completely

and thickly and, in consecuence, to indicate continuity of geomor-
thic e¢folution. It is, undoubtedly, true that relative accunu-
lation of lateritic matcrials may occur or surfaces which have some
neasure of clope. The 1limiting angle whieh will allow such an
accumulation will depend on the nature and guantity of the mobilized
lateritic compounds and, therefore, on the 1ithologic and climatic
environment. It is also reasonchle to assume thzt an zbsolute
accunulaiion will have a lower limiting angie since it presupposes

ich in a relative accumulation

the yprolonged solution of compounds
may have only & Very brief phase of mobility. Obviously, as
observed, the higher the angle of slope the cucllris the amount that
can accumulate and peyond a certain limit, it is doubtful that more
than 2 very thin veneer of 1ateritic coating will be forried. As

far ac is known to the present writer no specific investigation into

this problem of laterite on slopes has been made up to the present

= ,
the precent ond evidence of thick laterite on steep slopes is
either absent or doubtful.

Sheets of continuous lapterite occur on most slopes of the
two upper surfaces in the area and in some cases are 2lmost contin~
uous between them, as for 28 was observed (e.g. the Kagaraza slope
towards the Cayass hil mass)e in most ingtsnces, houever, such
sheets exbend only portly doun the siope and their downslope limit
iz clearly correlated ith the sngle of slope. On steep upper
slopes of maosive surrizite ridges Lhey rarely gdescend beyond the

r

e present are asunlly continuous

with the crect-slc On more modcrate slopes of the

7o les: competent, arenaceous ridges of

end acz far as 300—400 {t below the

frtoned

e e o




crest level (in isolated cas
Isozi ¥ill,

it below the crest) usually

a

laterite crust

fiuves. 3Selow this dounslop

discontinuous ra tches whose

slowe faceting,

Ko general correlation

limits of slope inclination

ey do not exi

nanely, that the
°, The fact

aing 20°

25

.
in isolated cases dces not ¢
and their rresence in explic

T
The observational

examined.
these are by no means thick
of varying thickness, it nev

evident by the projection of

crust. It appears that the

vhere bedrock produccd a su@

iz of laterite smoothing the
producing a very character is
to that of bare rock. rth

4 laterite fropments imbedd

”orpholory vith the Toreign 1
undcubtedly indicate absolut

secondary origin.

e

along the upper

iz found until

that they are found on such slopes only

such ¢s the northern slope

of the

to be continuous down to 600

>3

aprears

b

ts of gully inter-

e 1imit of continuous laterite, only

ex

;tent appears to be clearly related to
the foot of the slope is reached.

diztribution of these sheets with

cf the

is poesible cxcept in a negative sense

st, apparently on anrles of slopre exfee~

iminish the volidity of the problem,

able only if their nature is closely
evidence in the
relat

study-area reveals that

jve occumulations. While apparently

er exceeds a few inches, as is amply

stenes and waste gravel through the

thicker accupmulations are to be found

11 flatter focet and the pereral effect
1rre5ul""1t1e“ of the slope surface

ic texture on air-photographs cemrarable

the numerous inclusions of rcgx

ermore,
ed in the crust and the typical laminated
inclusions forming nuclei of concretions,

e accumulation vossibly largely of

carried down-

Its redeposition

irresularities of bedrock and

erable thicknese after smoothing

to account for the presence of

zbsence on others or for their

slopes unless they are assumed
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to be ceontinuoucly jestroyeé by erosion . nd reformed by depozition
with tho balonc: controlled by the gifferential cmount of supply

on the crest. Cn ihe whole, hovever, i+ should be emphasized again
iyat the phenonenon of continuous superficial crusts on slopes is
relatively 1imited in extent and that, as a rule, the lorger parts
of slopes are Gdevoié of such crusts and are either bare, covered
with debris or carry skeletal soils.

Lonetheless, even steep bare slopes are laoterized to sonme

gree. Usuzlly this tea:des the form of thin ferruginous coating on

the slope surface. The measure of this ferrucinization apparently
depends on the -mount of surface available for zdsorption and
deposition. zince steep slopec are usually bare of soil cover
laterization ic most noticeable in waste-masses and occurrence of

heavily ferrucinized scree clopes is guite common

3
on the flonks of massive guartzite ridges.

Generally spealidng, therefore, the observed evidence from the
study~crea does not support the wcoertion that there exist thickly
laterized steep slopes, indicuting & focsilized relief of considerable
amplitude. The Geceptive impression of such a relief can be
conceivably gained throuch the ewistence of continuous cover of

lateritic crustu, but closer scrutiny shous these to be only super-

bl

ieial and Lrcbably of current fornoiion.

c. Subsoil loterization on czlopes

t5 deccribed above slopes Tormed on an alternate succession

of cuartzite and zrgillites possest prominent eclements of steeper
and flatter fucetc and thot the fiztter facets may have an accumu-

lation of finer woste which develops into o coil profile. These
nid-slope zcile nre ussociuted with a cubsidiary form of lateri-
£ of an inte.mizture of relative and ahsolute

=3 secondary laturitic materials. Since




Latertte on the Upper ,Sgr}:oces

e el abeibe T e Crestoo

velict colluuial

30 ¢rust o C loterite _Sruvel disFeésed

on sur{.qr.e and in. oil ‘ L laterite

(R

pav ement

sl RN E A
150 Weathered rar!

F.ﬂ }O

e Slope

surm.r“u.ia‘ crust
‘s‘ut sail Aeve\e\o'cd@:m &ing L.
waste with incipient

laterization

atch of Yaberite
on g_\at '[—nce\.

¥y e
AL

[P Y-

\
P

|

S D rtz'l;vtc;Z,, ;N

i
24
>
s
=
a
S
4
i
i

T e e o T e T i tnattom e e SRR e e ——



283

potk in base content and in poorly developed horizons, it is
rensonzble to assume that the presence of a well-differentiated,
heavily mottled, clayey subsoll horizon is largely due to the

o

n of iron-rich water from upslope. But undoubtedly in

i
cgitu weatkhering and leaching slso takes part in this incipient
laterization. It is doubtful, however, that the rrocess will attain
completion under the conditions of severe erosional activity en-
croaching on three sides of the spur unless woody vegetation is

allowed to develop undisturbed.

3, Lover level laterite

Iaterite on the Janga curface crects rests, as intimated above,
on two tyres of litholeogy - metasedimentary or sedimentary,
resistant formations and schistose or plutonic incdmpetent rocks
wvhich, within the study-area carry laterite only in a few instances.
Tne laterite carried on the basal micaschists or Basement granitoids
has, as was already otcerved, the general form and rroperties as
has the typical Buganda laterite: a thick flat-lying cap of ironstone
underlain by mottled and ¥pllid czones with sherp breaks at the edge
of the sheet and smoothly inclined, well-developed pediments
below the scorps. In a few cases, laterite-capped hills of mica-
cchist, situated at the edge of the basul exposure of the sedimen-
tary sheet (e.g. Cunge Eills) presefve uncommonly steep and high
zlopes.  The concentration of several such hills in a limited area
and the cloce proximity of resictant formations indicate a relatively
young downcutting and a fairly ewrly stape in the retreat of slopes.
The similerity of this type of laterite to that of the well-
studied Buganda laterite and its relative scarci in the study-

.
v
¢ it unneceszery to describe it in detail., It is the

laterite found on

features of the Langa Surface

of interest in the study-area, in

cnt from both the laterites of the

L
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wention has bheen made of the main attributes of form of these
laterites: the continuous sheets covering all or parts of the crest-

surface of individual upland features snd attaining as much as ten

It wa

S

fzet in thickness. also mentioned that these flat laterite

caps have cuite prominent scarp-like slopes which usually rise

steeply at some distonee back from the edpe of the bedrock crest
b g

and have no weathered zone underlying them. To these attributes
g

should be added morphologicel characteristies

in the field, which emphasize the different nature of this type of

laterite. ©n superficial exauination the laterite seems entirely

pisolithic differing from the concretionary pavement laterite of

the higher surfaces in lacking any noticeable amount of cementing

matrix. It is also of much darker red-brown, almost black, colour

ané the individual concretiors are much less regularly shaped than

the well-rounded or ovoid concretions of the pavement leterite.

These loterite caps disintegrate into large blocks, similarly

the zucet relicts on the Rwamparz Surface, but somewhat smaller in

size arnd of less reguler form. No discernible fissures indicoting
the complete dismentling of the mass, are present and disintegrati
i cunfined to

it

the scarp-like edges.

crpears evident, even according to field characteristics

alone, that this type doec not represent a

situ in the clocsic:l mode of laterite formation. The gross

to zbcolute accumulation in a

n different from that found in gavement laterite or in slope

which suggests concretionary precipitation around minute,

reculnrly shaped nuclei or around very lirge angulor fragments. As
vill bve showr (p.198), tke laterite cap, evidently reprccents a
thorou;hly loterized lower port of deep soil-regolith profile,
protebly developsd on @ low-lying pediploned surfeace.

In seme special cases, thic type of laterite is found together
¢n ihe ceme fecture with the vesicular type of laterite which aprarently

relative accumulation in

distinguishable already

to

on

n

IS AN sttt S
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rijge) altitude ap.rox. 5,70C' a.s.l.

It has an overall pale reddish~brown mottled appearance with
aumerous channels and cavities of varying size. Come cavities
filled with a lighter~-coloured, ochre, material; the larger
Other

.arts are 9lotched with a veriety of brown colours, from ver
F ] J

ones are visibly coated withk & rust-coloured hard veneer.
dark to very light yellowish~red. The darker spots have definite,
irregularly round shapes and appear to be very well-cemented

concretions with distorted boundaries. The lighter areas are
mottled with rust-coloured patches. The exposed part of the

frozment is much darker in colour than the freshly broken fece.

Gn the whole it has the appesrance of a cellular slag ('structure

sBgtiace!’, Maignien 1758).

A substantial element of clay in the composition

frogment, seems tc be indicated by the lighter patches and areas

with more brittle texture.

of the

But, in the main, clay appeurs to be

encloced by iron-oxides, and the dur
roint to an extensive replacement of

spounds (ilexander & Czdy, 19€2).

ker, concretion-like areas
alumosilicate clay bq iron-

At the seme time, differences

in colour,
decreasing

The origin

from yellowish to derk-brown, aiparently represent a

[5)

&

rade of h

nd sicnif

yération of iroa compounds (Maignien, 1958).

icance of the cavities and chonnels, are open

te question. If vesicular laterite originates in the activity of

termites, as sugpested by Frescott and Fendleton (1952), tien the

property has no significance c¢xcept oc a purely fortuitous diagrostic ;

feature of tlis syecific type of laoterite czince no other type has
it to the sume degree. If, on the other hond, vesicularity
indicotes o gpecific phece in the process of accumulation or a form
of pestekardenin~ differential weathering, then the suggestion of

a2 procesc olinitic clay by iron-compounds and,

thus, of =

i
i




The impression im arted by the morphology of this samgple i,
therefore, of a thick relative accumulation, in situ, of primary
lateritic materials, by the process of progressive replacement in
depth of a clayey ueathering cone and & fowivward migration of the
profile. The very small depth of the veathered zone under the
laterite an’ the relestively inconsiderakle thickness of the laterite

itself, suggests the doubtful role of a great amplitude in the

[

luctuztion of groundwater table in general laterization, but it
may elso indicate an inclination of the surface on which laterization

occurred in the present case.

1a2

4 fragrent broken from 2 block of laterite lying on the surface
of a slo.e rising zbove the crest-level; on guartzite. EKanywagongi
(i'shungyezi-Cheviro ridge), altitude appgrox. 5,300 ft. a.s.l.
v gimilar to the former sample in morphology, except that
it appear: to be more concretionary, and, on the whole, darker in
colour pointing both to a somevhct lurger iron content and a

of hydratetion of iron-oxides. lio evidence of a

-t
@
19}
&
o
*
o M
bl
©
2

<

weathered zone is found in the Joczlity ond the underlying bedrock
agrears to be mzcuive guartzite. The somewhat higher iron content
despite the erratic nature of the occurrence, may, consequently,
be relzted to an initizl) lower pocition of the surface on the
southwzrd-inelined slope of the Zwampara or of the lateritic
horizon wiih in ithe grofile. Yet, according to tlis guperficial
ne increase in iron content is very slight. Othervis

nsiderations opply ac ts the previous sample. loreover,

this errwtic block waz feound on the surface, high

f
ebove u loecul exgosure of yove ent laterite, indicuates that the
reazse in iron corternt, if it sxigts, is due to initial enrichment

1CE.
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Loterite pravel from a depth of 29" in a soil-pit, on
zhyilite, kt. Kagarama (kain Ridge), altitude epprox. 5,700' a.s.l.
Also closely recemblessamile lcl, in general morghology.
There are, hovever, significunce differences. Contrary to 1a2,
iron content is lower, fracture planes are lighter in colour and
mozt of the chonnels are filled with ochre-coloured material.
Examination under magnification reveals a possible higher content
of crystzlline quartz in the lighter areas; there are only reclative-
ly few dark concretionary bodics

The impression is, therefore, that a certain amount of the

iron content hos been wched from the gravel, leaving at least a

rezter residuc of incsoluble, initial or recrystallized guartg.

st the increas:zd guartsn and the lesser iron. content
g vted to precipitation in an arenaceous or mixed

perentemcterizl, However, the nabure of the saumple - an erratic

gravel feund within an upgyer Lorizon of an in situ soil profile -

and solution iave had some effect on it.

:yaza Surface loterite

Laterite gruvel from @ depth of 12" in a coil-pit, on

are¢nzceous bedrock; Kazye Hill (Hasumba megs), altitude
2rProz. 5,050' a.s.l.
3imilar to lcl both in chape (smoothed edges of angularity),

colour and texture. [ gcin, decreace in iron and increase in

arenszceous origin i more cvident,
cl

tiut Combe (1¢43) noted argillaceous
on

arencgecus cuccessi

. loterite povement on phyllite,

1ltitude epproz. 5,150! tec.l.




Concretionar; bodies of round or ovoid shape possess what

Jooks like definite boundaries. GSome of them have a smooth
digcontinuity with the surrounding matrix, but others do not
suow-bhe show the ceme nodular character and do not stand out in
yrelief on the broken surface of the fragment. Other inclusions of
the matrix consist of irregularly shaped small bodies, all coated
with iron-oxides but have no distinct discontinuity from the
surrounding matrix., Of the several vwhichwtre dissected two had
nuclei of tiny rock fragments, apparently phyllite, and another -
a lzrge guartz grain. * The matrix itself is very dense, buv in

the vieinity of the inclusions is pprous with numerous zmall holes.
Yhere continutous, it is heteromorphous both as to colour and

.
texture., On tke whele, it is of = nmuch redder brown than/orevious

s

mples but shows mottling of darker and lighter shades. The
ligiter coloured p-tches are of o coazrser texture and are apparently
vore crystzlline. The darker areas look amorphous or very fine-

4
ined. The outer pert of the fragment chows & discernible

laminsr structure.

i

This type of o, iLoloyy zpreers Lo be similar to that mentioned

by

D'Hoore (1° an aobsolute accumulation, except

2 typical

that in 1.l:

o
Cote D'Ivoire {Eoundoukou) detrital

frigrents of old laterite scem to be very abundent and the origin
of the cbcolute accumulaiion is unquestiouadbly secondary. In é
the precent case it is perhaps only puriially secondary since, as
ventioned zhove, transect profiles zlong a similar crest (Cayaze)
shov & _redusl ineresse of luferization in both massive and
concretionary foru, wiich appears to imdicate o primary origin in
%

‘e leacking of soilc.

tition of iron~oxidesz. One jrocesc involves the -

tively courze nuclei of concecutive

wldes.  Thie second - the progrecssive adsorption

raction by 2n increwving amount




of pigrating iron-oxides. It arpears, therefore, that definite
nodules within the laterite indicate an earlier stage in the
grocezs, when their present location was situated in a higher
rosition along the trunsect. Less definite concretionary bodies
ipdicate differenl degrees of concretion "frozen" by hardening on
the exzorure of the lateritic horicon by slope retreat. Differentia-
tion of the matrix materizl airears ito indicete, besides greater
degree of ferruginizatien, 2lso variable concentration of detrital
or recrystallised guartu. The significance of the laminar structure
irn the outer part of the fragment seems obviscus - it points to
post~-hrrdening accretion of iron solution and deposition on the
vxpesed surface probably at the mergin of the soil mantle.

Tihe conditions urder which such a2 form of loterization mey
occur czn be clearly envisape Considernble solution of iron by

ns
the leaching of a coil profile points to come acidity of the

w
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nedium. Th ity in the solution of the

aluminium wnd iron sesguioxzides indiczted by the reloltive Liigh

depree of ferrupginizution, points to a moderately acid medium or

to a relatively low temsercture -~ in other words, to & fergiallitic
environnent., ‘Jhcré the veathering zone is cituated at no great
derpth, 2z on tlece creste, the zcidity of the medium could originate
oniy in an uprer cource, nomely - in the decompocition of

vegeintion under conditionz of lowver temperature or greater effect

of radiation. ‘fhcce indicate a higher elevation or a speroer
vegetation cover {greoter aridity) and point to conditionc developed
hictory. The convexity of the
cesibly somewhat steeper formerly than at

the shzllowness of the soil caused the

zonc. Conce.uently, ot the head of the

lezched iron is still weagre, a2 lateri-

of izolated concretionc snd mottles of iton

At IS T
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hovever, with the accumulating amount of leached materizls,
igpregnation of the clayey subsoil increascs.. Towards the edge of
crest slope, where soil cover is shallower andé vegetation more
sparwe; acidity is diminished and accumulatios vccurs. When the
crest slope vas stzeper a l:irger proportion of the dissolved iron

was garricdé over the edge of the crest-slope, but with the slow

of the slope due to weathering, pedogenesis and erosion,

a growing proportion of it is deposited on the edge of the
retreating back slope, hardening into a pavement as it is being

¢xposed by s0il crosion (Fig.33 .

*ragment broken from the upper side of z wuterhole in a loterite

ravemen Lpvarently at & juncture of &z cucitzite outcrop and

vaza ridre; altitude approx. 4 950!

£

t.
overlying phyllite beds. @

Similar to 1b1 except thzt it appears even richer in iron

end includes large guortzite and loterite fraguents. There is olso

I
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large cheonnel, but apart from that the appearance of

the frogment is in no uay similer to that of the vesicular
T

laterite. The lalerite rbeddcd in the metrix is clearly

- a pole broun, mottled colour entirely different -

;oL

red shade of the .uite écfinite bouadories with

coat. Jimil-rly to the previous cumple it hos a

suy outer fuace over & l:minated crust.

snother voterhele in a

Twia §ill (Nasumba '
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ne lipitzticns of normative minersl compocition are well
ynown colculcted as it iz on the bosic of a predetermined estimeate
i

tuentsz., It is, houever, a controversal problem
3 3

of mineral con
.hether estipates of nineral percentaes based on D.T.A. or x-ray

sction Analysis can provide more accurzate data.

It is cpperent from the data precented in the table that
sroperties of the sample: sre not differentiated in conformity with
ihe surface upon which *they were taken. There are differences between
sagples telen on ihe same surfcce and cinilorities between samples
svom different surfaces. This fact castz doudt upon the premise of
uniformity of laterite type on the ore hend ond on that of correlation

i
of laterite type with surface &ge, on tke other.

1. Gibbsite-rich sanvles

Jamples contazining more thon 25 alumina of which a considerable

is in hyd@gxide form uand not combined with silica to form

olinite, precent a quite distinct group. The high content of

by the very low cilicy/alumine and kaolinite/
rot well below 1.5 zcud the other - below 2.0.
orerty are the relotively lou content of iron-
ferr

ozides (expresse ic oxide/aluminz ratio of less than 1.0)

t
d in a
t

ent of combined v

erd the high con ter reloted muinly to the hydrated
o O

slunina aincrals.

s obhserved
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1 content of ;ibbsite can be related cither
[

{0 an early stage prior to resgilicat into

S

ritic weathering
e

kaolinite or to a 1at

tes o silicea/wlumina ratio which is

i
e of decompozition of ksolinite. In both
cazes precence of jibbsite indica
thought to be corre
Zzren, 1954), Dircct formotion
rocks itz clozely follow:
(iubert, 1641, 1ok

vhere conditions of




oridation exist due to thorough mineralization of organic matter
and continuous aaturation by excessive rainfall, genesis of
kaolinite is inhibited by greater exportation of silica. A greater
emount of gibbsite is retained. *Eimilar cenditions, on the other
band, entance the decomposition of kaolinite and, thus, increase
ihe ,roportion of gibbsite (D'Hoore, 195&). It appears,
therefore, that whatever the genetic pocition of pibbsite, a high
proportion of gibbsite in the composition of laterite indicates
a certain range of environmental conditions prevalent during the
period that laterizution was chemically active, probatly before the
lateritic horizon was'exposed and irreversibly hardened (see p.
on reversal and hardening). It is, therefore, suggested that
the laterite rerresented by this group of samples was formed in
a different, more ferrallitic environment than the present one
and under: different conditions than those influencing the formation
of laterite represented by other samples. Although iron content
appears to be somewhat high for a typically ferrallitic environment
(lohr & var Baren, 1954), there are several examples in the '
literature of laterite currently forming in such an environment
that have a comparable composition (laignien, 1958; Alexander &
Cady, 1662). .

There are, however, differences within the group which must
be noted., ' In fact, the four samples may be grouped in t®y pairs
differing as to amount of silica and iron-oxide - one is
designated by 1a representing fragments broken from lorger mocses
of laterite, the other - 1c - erratic gravel, rrobably detached
by dieintepration of formerly continuous lroterite and found within
tke soil profile. It is, of course, difficult %o envisage and
impozsible to culeulate the influences to which the erratic gravel
¥2s cubject cince their detschment from the original accumulation.

It 15 rezsonzble to ascume that on the type of resistant lithology




nich the other pair o'f the group is associzted, in the soil

ip yhich the gravel were found, and with the relafively larper surface
tney precent, the action of solvents, enhsnced by products of vegetatic
deconposition, was more prencunced. Such an action would result

ip the leaching of irom compounds and the proportionate increase of
sluninium constituents. This is apparsntly what caused the relatively
lower iron content in the gravel szrples, which is the lowest among

all the semples. Apparently alco, it was the zcid medium engendered

by better drainege and orgzanic decomposition consequ;ent upon the
dignection of the laterite and formation of soil wvhich inhibited furthe
degradation of lizolin and somewhat raised the initial kaolinite/gibbsit

ratio. Felevart to these asy

ccts of laterite gravel composition is
the problem of the origin of the samplc from the Geyaza Surface. Its
similarity to the cther grovel sample iz, indeed, very close znd the
specific prorerties mentioned above are even more emphasized infit.
As may heve already been surmised from the foregeing, it is a basic
fremize of the present interpretation that the laterite gravel was
found virtually ip situ in the sencte thst there is 1little likelihood

of it having been transported Irom a younger suricce. This is

affirmed by tlie funduzental ¢
the

ccl and mineralozicel similarity of

evel with the zheet laterite, nziely - the reletively high

rroportion of aluminz or gibbeite and the low proportion of iron-
oride, There exists, houever, the pocsibility that souple te, ori-
=

ginzted in the higher, older, Hwampsra Surfuce, whose modified rem~

i
nants still exist or have once existed in close proximity to the
locality in which it wes taken. Zince,as ovserved, no definite rclicts
of the initial, primary luteriie of the Gaysza Suriace have been
identified, there is no di vidence of its ncture, and it is imp-
08sible to determine if the similerity of the iwo gravel samples in-
1 [}

dicates sicilarity of ths

[}
€
o

rite on the two surfaces or the

o

Tizgin of 1c, in the

lzterite. At the same time,

o
eircunstintinl cvidence in the fore of a sreat smount of laterite gravelj
of the same morphologicsl type, differing profoundly from the adjacent
Faverent latez-ite,afi‘%hto %e found throuchout the arez of the Gayaza

t

lurfa B e . ~ < 1
fuce, even wlhere e upper surface i much

Tosg 745 m. :
ess likely, jpoint:
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the initial Gayaza Surface laterite wos similar in type and,
probebly, compesition to that of the Rwampara Surface.

If this assumption is correct, it is the samples of the 1a
type that should be regarded as representing the:initial laterite
rore closely. Yet, even 1f this laterite was similar on both
upper surfaces thure were bound to e some differences. Considering

the general similarity ‘of lithology, of both surfaces, an

jdentical amount of original lateritic materials should be presumed.

AR S

mhe amount of iron present in samples itaken on the Rwampara
vatersked or close to it, could be regarded only as the result of
relative accumulation. A rough célculation of minimal values®
shows that the thickuess of zpproximately ten feet of laterite
originated in at least 800 ft of rock consumed during the cycle
producing the Rwampara Surface. TFurthermore, considéring the
position and the nature of the laterite relicts on present crests

it is doubtful whether ten feet represent the orizinal thickness.

AL S S e SRR Y T e e T

Lowering of the sur.ace during the Gayaza phase was much less than

thiz and consequently it must be surmised that the thickness. of

RSt 4 O

initial laterite on it wus relatively meagre even if supply of
secondary. materials from the disinterrating upper sheet is taken
into account,

To conclude, this greap of samples appears to represent a

vk sy O o N Y A B b

srimary laterite formed 'throu:h relative accumulation under a
different climate then the present, possibly in the period

previous to the rise of the Zift shoulder to its present elevation.
The samples supply no ovidence 25 to whether this laterite

dEVQlOped sepurately on cach of the two upper surfuces or simul-
taneously on both surfoces subsecuent to the stripping of the
Rvempara initisl laterite. In thiz latter case provision must be
zade for-a conuidoruble louering of the Rwanpara Surface during

the Gayaza phace. fovever, considering the length of time involved

acecerding to the views now rrevalent and the evidence of lithological

* & =y * £y 3
baged on ern cmount of . in phyllite, <n lou density of

lozs (ZO0).

laterite (2.7) cnd on mind
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control - it aprears peye likely that the stripping of the

Ryampara luterite was concurrent with the development of the
Gayaza Surface and its laterite sheet, to which it probably.
contributed secondary materizl. .

2. Favement laterite samples

The compositions of pavement laterites differ sharply from
those of the prévious group in several significant aspects.
Alumina content is, on the average, 13% lesc and the decline -
as con be seen -~ is assignable mainly to the absence or a low
proportion of gibbsite while the percentage of kaolinite is
less by only an averagé of 4-57, The latter is reflected in a
noticezble increace in proportion of silica and the parallel
sillica/alumina ratio. 4+ should be noted, however, th:;t if
comparison between the groups excludes the possibly abnormal
gravel samples a substantial increase in crystalline silica is
shown. Since no gibbsite is present in ftwo of the samples this
increase cannot be acsigned to the decomposition of kaolinite and
is possiblg residual guartsz or results from the recrystallization
of amorphous silicz on exposure of in a mildly acid medium. ‘
Parailel to 2 decreage in aluminaz is a very noticezble increase in
ferric oxide percentage (ngerage 15:] increase compared to samples
1a),

The absence or pzucity of gibbsite combined with a relatively
high content of kaolinite may be relatdd to several cnvironmental
complexes., It mey indicate relative accumulation under conditions
of excecsive rainfall, on & very well-drazined site and under deep
50ils, where the medium ic scid enbuph to inkibit exportation of
silica but where hydration of aluminium sesquioxide raises its
isoelectrie point gufficiently tc enhunce its combination with silical;
(Pougerie, 1958). In cuch circurstoneces the chunces are that

iron-oxides accumulatin:

oy cdzerption as minerals to the




represented in the samples of the pavement laterite, with iron-

* 3ince absolute accumulation of lateritic materials must be

29086

alurosilicate clay, Bexing of much gfeater solubility and
constituting only a very small proportion of the parentirock
(0.6% as against 19% of alumina in phyllite), wil not exceed

the amount of Kaolinite. On the other hand, ar-absolute high

proportion of kaolinite can result algo under fersiallitic ..
conditions where an alksline medium is asserted only -intermittently
and only in deep~seated weathering zones. Usually, and especially
in the rainy seasons, it is either acid or vefy mildly alkaline,
favouring the formation of alumosilicate clay. At the same time
rainfall is usually insufficient to induce a low enough pH

for mobilization of aluminium hydroxides and it is only. the more

mobile iron compounds thot are exported. The composition

oxide minerzls exceeding the zmount of alumosilicste clay, clearly
points to an addition of jron and an absolute zccumulation.
Consequently, a fersiallitic environment in which iron is

mobili,ed, treansported and precipitated in a kaolinitic' matrix,

is clearly indicated. ' This supports the evidence of the morphology
of the samples which also suggests that lateral supply of iron

is still current. The conclusion is, thus, reached that pavement
laterite results from both laterzl and vertical provenance of
lateritic materials and is, theréfore, an absolute accumulation

effected in a fersizllitic environment such as the present one.

associated with some relief, it seems reasonable that tiie formation
of the present pavements begzr later than the dissection of the
Eurface upon vhich they are found. The fersiallitic nature of
their composition marks their probable origin in the period
following the rise of the Eift choulder and the curtailment of
meisture supply (poesibly alco - some lovering of mean temperature

due to uplift) which, ¢c obuerved, means a rather late phase in

the geomorphic history of the resgion. The amount of iron-~oxide
stored in the zvercge thickness of a pavement conforms with the

Poesible amouut of rock consumed during the Gayaze phace. Kowever,




since the nature of the laterite does not indicate a relative
sccumulation and does indicate an environment prevailing much

later than the Gayaza phase, there cannot be any doubt that much

of it is secondarily derived from the disintegration of the

jnitial laterite of the surface and only partly from the weathering
of the exposed bedrock.

Sample 1b3, clearly represents a different type of laterite
than the other two sacmples. of pavement laterite,: although it has
similar basic properties of lover .alumina and higher ferric oxide
content which place it in the same category. = The main differenc;s
appear to be the presence of a small proportion of gibbsite and
a relatively large proportion of dehydrated iron-oxide in the
mineral form of haematite; a somevhat larger proportion of
crystailine silica may also be of significance. As stated, it
appears difficult to explain these characteristics in view of the
foregoing discussion of the other pavement scmples. As described
in the previous section (p.!195) it is the geomorphic position of
the pavement that may provide a tentative explanation to the
composition of the sample. As asserted in that section this
pavement may be older than those represented by the other samples,
and may have been formed at the first stage of dissection of the
Gayaze Surface and in closer proximity to modifizd remnants of
the Rwampara Surface. Such an assertion would make the character
of this sample, appear more explicable. Frecence of gibbsite is
eprarently assignable to decomposition of kaolinite and not to
alteration of primary minsrals, since other characteristics point
to the absolute nature of the accumulation., If this is the
case then addition of quartz indicates recrystallization of silica
released {rom kaolinite. The exposure of the laterite possibly

resulted in u greater dehydration of gpthite into haematites




But this interpretzation cannot be regarded as sufficient
since it does not explain the sequence of environmental conditions
that enable such a development. An old pavement, possibly
connected with the modification of the DPwampara Surface and not with
s late dissection of the Gayaza Surface, implies i'o'rmation under
ferrellitic conditions and, thus, contradicts the high percentage
‘ of iron, or implies that all the foregoing interpretation of ‘other
semples ic faulty., If, on the other hand, tke initial sccumulation
of this pavement procecded under fersiallitic conditions as implied
by its basic composition, it cannot be much older then other
gavements, and the differences in varticular aspects of the compo~
sition are not explained. The answer to this conflicting
evidence lies, perhaps in the complicated geomorphic nature of the
locality.

%45 can be seen, the Burama Hill on the western crest-slope

of which the pavement iz located, is part of the Kasumba main

ridge, This ridge, was regarded as situated close to the marg‘in

of the early, larger, deformation of the landsurface which resul-
ted in the initiatioq of the Gayaza phase., It, consequently,
represents a modified part of the initial Ix‘\-.'ampara‘Suri‘ace, perhaps
preserved in less modified fbrm on the higher summits of the ridge
(Fiarhuti and Chitanda), The vertical difference beiween the
initial surface and the newly formed Gayaza Surface, develcped’in

a stable phase, was much smaller in this area than further west,
due to lesser relative deforumction. Conseguently, the initial
relative accumulation orn the adjacent Gayaza Surfoce could not have
been very great., Xs.sugsested by the. ncture of the surface in the
western part of the Kesumba hillmase - the extensive f{lat-crected
ridges and the shallow broad head valleys between them conirasted
by the narrow deep valleys sepirating them 10\‘:e_r dowm - and by the
abgence of any remnants of the lower Sanga Curface in the druinage
bazin, tke discection of the Coyaza Surface came rather late,
Probably at a late

tage of the lovlend phase, vhen the breach of

=}

the ¥as ot . .
ke fasumbe-leragwe woterched cauced the change of erosionsl




orientation towards thg southeast. It is conceivable, therefore,
that the initial relative laterite accumulation of the surface

vas not exposed and stripped off, before fersiallitic conditions
prevailed, as in other areas, but remained in the original profile
snd ebsolute enrichment in iron associated with replacement of
Laolinite was superimposed upon it. Before the lowland phase
_penetrgted the existing mature valleys, slower erosion and drain-
age, a grounduster table nearer to the surface and possibly a
denser vegetation with relict characteristics of a former climate,
may have somewhat modified the ferrsiasllitic environment, and
prevented acidification of the medium. But the comparatively
abrupt change in locsl base~level, with the resultant deep down-
cutting of valleys prevailing over slope-retreat and consumation
of crests, must have drastically changed drainage.conditions,
causing -2 comparatively abrupt lowering of ground water level,

and at least an intermittent desczication of the lateritic horizon.
Enhanced leaching due to lowering of groundwater table, under
extensive, bevelled crests, still cerrying dense vegetation, may
Lave caused some desilicaiion of kaolinite, and, perhaps,
Terrosiliceous compoinds., Intermittent dessication brought about
“the dehydration of gBgthite and perhaps, amorphous iron-oxides
into minerel haematite, lowering the icoclectric points of 211
bydéroxides to prevent their recombination with the increasingly
less mobile silica and, thus, to favour its crystallization into
seccndary guortz.

In conclusion, the foregoing-interpretation suggests that
laterite pavements exist in two gonetic forms. One occurs on the
‘western remnants of the upper surfocec, controlled by the north-
ward erosional orientation where deformation resulted in a greater

altitudirel intervel between Lhem and where dissection of the

er
ke

Gayaza Zurface begzn nmuch earlier, already by the Sanga phase.

This earlier di

section reoulted in cmaller rempants retained
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petueen arend-iype basins and: which vere conseguently subject

"to earlier exposure and more complete stripping of the initial

laterite. The early initiation of slope retreat of srena walls

yhich proceeded concurrently with the stripping of irnitial
jaterite, soil formation ard new laterization, caused a constant
removal of the forming laterite pavement. Consequently, any
existing pavement reiiects a relatively young formation related

to the crest baRg of it and the.arena slope below its front. This

" genetic character is reflected in its compositione.

the second form of pavement is connected to those parts of
the upper surfaces in vhich the erosional. development is in a
much earlier stage, with downcutiing as yet ungraded to the local
base-level and where the vertical interval between the surfaces
was initially much smaller. In such areas, the late advent of
dissection has probably never succeeded in even exposing the
initial lateritic horizon. The change of environmental conditions
ceused the enrichment of this horizon in iron by absolute accumu-
lation probably derived from the medification of Rwampara Surface
repnants. Late dissection did not allow, as yet, for the exposure
of‘nhthis laterite but caused changes in its composition. Consequently
ravezents of this type which are exposed at rresent represent not
ar entirely new formation related to newly developed soilsy but
an old lateritic horizon trunsformed by change of environment and
nev disdection. Hence their specific morphology and composition,
their greater thickness in relation to other pavements, and
their dicpeosition at the foot of remnants of the XZwampuara Surface

and not on the edge of the Gayaza Surface crest-clopes. Conse-

. s 4 s .z s y
-guently they are more rectricted in distribution.

3. Lover surface laterite camples

5 . s
Samples of laterite from continuous shects on the Zanga
Surface are clesrly differ.ntiated into tuo types: 3a, rerresenting

laterite on resictunt metocedizentary or tectonic rocks and 3b
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2, Samples from laterite over resistent lithology

Compared with the previous group these samples show even
higher content of iron and lower of alumina.  GibBsite is absent
and consequently silica percentage is lower though the S:'.Oa/lx‘lao3
ratio is the same, The ferric oxide/alumina ratio is also higher
vhich expresses a lower proportion of kaolinite but the difference,
though signifiéant, is pot great.

It would have been possibly difficult to differentiate between
these samples and the first two pavement laterite samples, without
referring to the morphological evidence. Buil once the key fto the
nature of the laterite is provided by that evidence, both the
similarities and the differences between these two groups become
xplicable. JSimilerities such as enumerated above anci also the
higher percentage of goeth:ite in relation to keolinite, must be
related to a similar mode of origin in an abdglute accumulation -
in a lateral provenance of mobilized iron-compounds and subseguent
srecipitation in an existing matrix., Indged, considering the
large sourcc of iron available for the formation of this laterite,
cm;frising the larger part of the decomposing Gayaza 3urface
laterite, compared with the limited zource of the pavement’
laterite to which only newly formed soils and a smaller proportion
of the initiel lzterite was available, a greater proportion of
iron-oxid and iron minerals may have been expccted. That this is
not the case may.be attributed té\y_artly the fact that in the
specific cases from which the sumples were tuken, the availsble
source was relatively restricted (residual upland). Zut it
2prears poscible thot the more im;ortunt reason is related to the
type of environment in which this mccumulation occurred. Evidence
shows (D'Hoore 1953, lzipnien, 1958) that as a rule an absolute

"
accunulation, in whotever environment, is elways more ferruginous

o

than a relative cecunulation, but in o ferrallitic environment

the Fercentuge of luninz is hipgher than in a fersiallitic and

Terruginous environuenti. GCemecirrbis treny—the—poreentes
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envizoament. Conceivably, then, th
vould heve far exceeded 506 if the
surfoce laterite did not occur in a2
2he differences between the 3a
apparently related to the nature of
grecipitated and ivs influence on &
znd dispersion. An iXluvial horizo
represents an entirely different ma
profile permeated from an outside 5
purerous sampling than the present
in vhat way this s0il profile was d

outside tranmsport and in situ proce

is given by the difference between 3a1 and 3&2,

greater proportion of both kaolinit
resulting from the illuviation of ¢
of minerel iron hydrozide. Concelv
representative and & more yrrofound
pay be the rule. The composition,

of kigker soil horizons is reflecte
of the laterite - the greater inter
finer particles, not impregnated by
vards. lNuclei of
as indicated by a greater zmount of
the non-snalysed residue is larger

representing, probably, unwegthered
ninerals retuined in the ped-huclei
lateritic horizon. It czn be seen,
of alumina and kaolinite, compared

of haematite r to

on the @iscection of surf

b. Sugple from lubterite over inmcomp
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- .

fereueinous

e percentage of ferricpxide

fornation of this Scnga
ferrallitic eunvironment,
and the 1b1_2
the matrix in which iron was

‘sauples are

he- procecses of iron transport
n within a soil profile
trix than a complete soil
ource. . More detailed and

one would have probably shown
ifferentiated by the combined
sses. GSome indication of this
with a slightly

e and goethite_possiblﬁ

lzy and greater adsorption
ably ithe samgple is not
difference in the same trend
both chemical and mechanical,
d mainly by the morphology
-pisolith space from which

iron hawe been leached down-

isoliths are small peds and coarse particles

guartz. In both camples,
than in any other sample,
or rortigolly weathered
and absent in a typieally
2t the some time that reduction

to content of young pavement

somewhat greater proportion

.. reater age and to dehydration
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¢ill siow that despite some very great differences therv is a

asic similarity between sample 3y ond thoce desipgnated as 1a.

5

4

This is clearly cxpressed in the ratios of the major constituents.

silica/alumina ratio is still below 1.5, ferric oxide/alumina

ratio is zbove 1.0y but not very much so and, in any case, far

lower than in any other sample. In addition, percentage of

goethite does 1ot eiceed that of kaolinite. It thus appears that
the conclusicn of a relative primary accumulaticn derived from
zorphological and general field evidence, is well supported by
the chemical znd miperalogical dats., Differences between these
two groups can be attributed mzinly to the fundamental difference
between the rocks from which the laterites were derived and perhaps
also to differences of environment and age. As can be seen from
the aviiloble data on composition of roclks, gronite contains less
alupine, about tiree times as much ferric oxide and about 2.5
times as zuch siliceous base minerzls, as phyllite (a2lso much
more ferrous oxide). Cranite Las, conseguently, a higher SiOZ/
M 0, goler ratio thon phyllite and its greater weatherability

undcr tropical conditions releasec combined silics in a greater

amount and at a greater ralte. ‘eathering of granite is, therefore,

uainly kaolinitic and amount of initial gibboite is lower. It
is reasonable to-assume that the pibbcite contained in the sample
is mostly a product of desilication consequent upon the change

in drainage conditions whick followed the dissection of the Sanga

Surfage by the lowlcnd phace, in an environuent that was still more
ferrallitic than tie prosent one. The relntively (compared with la
sample) high iron centent can bes entirely rcsiduzl, representing
a lovering of the curfoce during the Sange phase by approximately
360 ft, an amount in pereral zccordcnce with the mean vertical

difference betueen thc Gaymza and Canga Surfacec.
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Z1titudinel Distribution of Laterite

It is evident.from the descriptive and analybtical data
yresented in the preceding sections that the altitudinal
gistribution of laterite is significant more in Its results than
in the rature of its geomorphic causes. I it is deemed necessary
to devote a section to this aspect, it is mainly because several
investigators of the relevant arez assert the universal or almost
universal presence of a continuous laterite capping on upland
crests. It is not the purpose of this section to refute this
assertion but to show that an assertion of the presence of laterite,
even when continuouzly and uniformly thick does not necessarily
ipply that the crests and the slopes it is supposed to blanket
all represent the same erosion surface or even 2 small number of
them, Tkis will be do®g throurh an examination and discussion of °
the views and data presented by these authors themselves.

There c¢xists a meajor division of opinion between De 3Swardt
and Trendall (19-‘3’1) on the one hand and FPlummer (1960) and

s (1959) on the other as to the meaning that should be
;'attached to the prezence of lzterite at different levels of the

uplapnd, De 3wardt and Trendoll waintain that continuity of thick

laterite over sharp breaks bciween levels points to the possibility -

of an ipitial single very uneven surface and the lack of positive
results from an altimetric anzlysis proves it with finality.
Both Flummer and rhillips recopnize the existence of two upland
surfaces (Phillips' third, lowest surface, iz associated almost
exclusively with the Lake Victoria lowland) but while Phillips
apparently considers that tle laterite formed separately on each
of them and, tius, differs in age according to the surface with
vhich it is ascocica‘ced, Flumier, who alco recognizes continuity
ovoer ch-rp breuzks in clopec, maintains that it
cantenporiry zse ond has bzlnketed simultaneously pre-

Yovever, both of them ggree that at least

very conciderable relief.

]
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De Suordt snd Trendall's concent of the sinple 'Upper laterite!

Since these authorz' view diverges from the one offered in
tte present study on fundamental points of evidence - both

: observational, concerning the universality and uniformity of

upland laterite, and anzlytical - concerning the interpretation
of an altimetric analysis, it apupears that there is no way of
comparing the views., . It should be noted at the same time, that the
concept of 2 single 'Urper Laterite' is formulated not on the
strength of observational evidence alone but on the results of
the analysis.

There are, however, two aspects of their stated view which
have relevance to the present context. De Owardt states correctly

as a basic argument, the view '"that major and persistent breaks

in slope above a well-integrated drainage cystem.can be correlzted-
regardless of variations in absolute altitude or relief (196k1,
p. 318).  In this ke, of course, refers mainly to the relationshiyp
between upland and lowland, and, no doubt, the principle applies
on'a country-wide scale, poscibly cven to the correlation of the

uppe'z; surfoces in Wezt Ankole and Soutiern liengo. Yet, the
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principle must apply on a umaller scale also to intermediate breaks

of slope coused by differential upwarp. On a rezional scale

these are as major and as persistent ze that bétween upland and
lcwland in general, on a country-wide scale. The fact that

beyond the upwsrped region they do not exist by no means invalidates
their correlation witkin the region.

De Swardt and Trendall's refutaiion of the multi-level aspect

of the landscape in coutiwest Uganda differs radically from the

apparent landscepe which,appearc impossible to ignore, as can be

alzo deduced from the conclusionc rcached by all other workers

i
in the area. OCne of the first

c ohserve the area closcly was Combe

t
(1932), whoce evidence and conclucions of = "two peneplain topography™)
(ibid., £.8.) are

tly bein; referred to by later authors. |




Apparently the evidence provided by his detailed and discerning
observations is also impossible to ignore. De Iwardt and Trendall
assert that it was the "hill-and-pediment.topogrophy that had led
Combe tc conclude that two peneplains are present “(ivid. p.bb),
which is in fect an assertion that conforms \-:1th their own view.
This is manlfestly incorrect since Combe states clearly that the
lower peneplazin is represented by the crests of hills and ridges
along the edge of the Rwampara and Nshara lts. "which rise to a
remerkably even, bench-like surface” (Combe, 1532, p.7.). He could
not have meant that these refer to lowland pediments or to
pediments “preserved on narrow sloping spurs" (De Swardt and
Trendall, 1961, p.48).

The concept of itwo upland laterite Surfeces or Levels.

Tlummer and Fhillips surveyed between them the whole -of the
area included in the present study, Phillips studying the part
east of the Kasumba hillmass and Flummer that west of it. As
observed, they both recognized two laterite sur‘faces within De
Swardt and Trendall's single "Upper Laterite. Phillips placed
most of his "oldeet! surface at altitudes varying between 4,500 ft
apd 5,100 £t a.s.l., and his "intermediate" surface between 4,300
ft and 4,600 ft z.s.1l., ‘hus allowing for = respective relief of
600 ft and 300 ft. FPlummer placed his Mupyer leterite surface!
at 4,7C0-5,900 ft (within the study area) and his "lower laterite
surface™ at 4,400-5,000 ft a.s.l. ~ i.e. a respective relief of
1,200 and 600 ft. The difference in mean esbsolute altitude is,
no doubt, attributable to differential upwarp. The mean distance
between the areas in which these surfaces were identified allows
for a landcurface rise of apirox. 15 ft/mile which zccords with
the average betwecn the colculuted 10 Tt,;mile in the eastern part
and 20 ft/mile in the western port of the area.

It can be noted that amplitude of relief doubles both with
the.age of the poctuloted curfaces and with the westward rise.
Vhile Fhillips pgives no explenation of the uneveness of his upper
curfsce, ¥lun:

Ee vigua 11“,r

the preater uncveness of his surfaces.
-,.ur zurfasce as representing a landscape of
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resistant lithologzy wkich has never been affected by complete
plenation. . It rises above the margin of an extensive planed surface
yhich has a gentle regional slope and is tentatively identified

s the peripkerial part of the Buganda Surface. It is, at present,
represented by the Mover laterite surface".. In this way, Plummer
reduces tle available relief of De Swardt and Trendall's "Upper
Iaterite™ by about 00 ft, but still envisages it as a very uneven
surface. This would have provide:i a plausible explanation if
Plummer's description of his surfaces presented a rational patter:n.

It apreers that Flummer defined his surfaces from within
the same area as has been used as a sample-area for the altimetric
anslysis in the present study (Map 7 ), which, as observed, seems
to provide the best choice. However, he apparently divided it into
two parts: a southern one including the Eastern Rwampara, its
northern foothill fringe and the Gayaza hillmassji and a northern
one - including the lisharz area. For each of these he applies
entirely different altitudinal criteria for which no explanation
is offered.

In the southern part, Flummer emphasizes the sharp break of
slape on the laterite surface north of Kagarama and states that
"uis fall is accentuated by ths entirely bevelled nature of the
laterite lztterly described (i.e. - on the crests of Ruwamparals
northern foothill fringe) in ccntrest to the higher irregular
surface of the Rwampara'. In contrast to De Swardt and Trendall,

he agrees thst it was this "sharp fall thet had led Combe, Wayland

--2nd others to suggest two peneplain surfaces in this area' (1960,

ppe 14-15). Obviously, then, Plummer considers that the Ruampara
crest-laterite which stznds at 5,500-5,%00 £t a.s.l., represents
the 'upper luterite surfoce’ while the lower foothill fringe
and, aprarently, alco the Gayenz &%.1lmass, backed by this 'sharp
f811' and standing at 4,$06-5,300 ft w#.s.l., represent the 'lower
laterite surface.?

In the northern jzri of the areu, howéver, Flummer defines

as.-part of Lig 'lover' surfrce, the Levelled laterite relicts in
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the Lower Ruizi basin, the bench-like laterite abutting the slopes
of the Htarwete-Kakunyu ridge and the flat crest-laterite on the
¥pororo SpUrs. On all these features laterite stands predominantly
2t 4.500-4,800 ft a.s.l., i.e. - 400 ft lower than on the Gayaza
nillmass which is defined in the same surface. At The same tine,
the crest laterite on the litarwete-ilakunyu ridge standing at
apzroximztely the mame eievation as on the Gayaza hillwass is
regarded as the 'upper surface'. It appears, thus, that the

tpororo spurs at 4,500~4,700 ft a.s.l., which are the only localities
vhere the two parts of the area are contiguous, have two well-
Gefined surfaces rising above them: the Gayaza hillmass at 4,900-
5,200 ft and the RAwampara main ridge - at 5,600-5,900 ft a.s.l.

(Fig. 5). They consecuently cannot be fitted into Flummer's

scheme of two- surfaces. WYhen added to the fact that postulation

of differential upwarp along the longitudinal axis of the area would
entail the asssumption of a2 rate of rise exceeding 40 ft/’mile', this
discrepancy in surface definition would seem to refute the
postulation of two surfaces. A sequence of three surfaces such as
was outlined above, aprears, therefore, better suited to explain

the yat‘-:ern of the landsczre.

In the aren surveved by Fhillips, the seguence propounded in
the present work envisages only two surfaces and is, thus, in
peneral agreement with Phillips'® postulations. The main, and basic,
difference between the vieus, apart from that concerning the
dietribution and significance of laterite, is that the present view
enviséges a greater relief on the lower surface in this area and
a' much lesser one on the uprer surface. Fhillips defines hie
laterite surfaces very brieIly und peremptorily. As with Plummer,
his definitions appear to be baced on altitudinal relationskips
of more or less proximcte fectures and, where present, on precumed
continuity of laterite. The boundary between the surfaces is placed,
flexibly, betwecn &,450 £t znd 4,650 ft z.s.l., without apparent
consideration of the possible effects of tilting. Since most of
the features carrying luterite zre of relatively limited area and

widely discontinucus, the delerzination of the surface is, in most







cases, not associated with any sharp breaks of slope. As a result,
many inexplicable definitions occur and the inclusion of certain
features within ome of the two surfaces appears rather arbitrary.
In some cases, a small vertical interval of al hundred -feet is
regarded as decisive despite profound lithological differentiation
fe.g. Hamimbi }ill); in others = much greater interval of 400 ft
¢n homogeneus lithology is not regearded as sufficient for the
differentiation of two surfaces (e.g. southern spurs of the Rugaga
hillmass). In some cases the upver surface is identified at the
same elevation as a lower surface situated much to the east of
it (e.g. Mbale ridge) and in others it is much higher than the
same surface to the west of it, even when the latter is identified
on 2 more resistant lithology (e.g. Kinota, approx. 5,100 ft on~
ehale, and Nyabubare, at approx. 4,550 ft, on gquortzite). On
the vhole, there appears to be an overlap of appriximately 200 ft
between the surfaces, without any rational pattern to explain
it.

It eappears to the writer, conseguently, that Fhillips' doubts
as to the unity of his lower surface are best applied to his
upper one. An assumption of an uneven lower surface with a wider
altitudinal range than poatulated by him, would make it comparable
to Flummer's lower surface and contribute to 2 more rational
regional pattern. It would ceem that- in his placement of the
intersurfzce boundary Fhillipe wes misled by his interpretation
of the nature .and significance of laterite. If like Flummer, e
Lzd ascumed a late blenketing by laterite of pre-existing curfaces
he would have, ;robably, discerned the topographic discontinuity
betueen Emstern and ivestern Rugaga, in the areas of Nyaruhuzi and
Lyakagera. Admittedly this ic not as prominent a discontinuity
as that between the Rwampara main-ridge and the Gayaza hillmass
but it ir comparazble to that betwecn the crest of the ltarwete-
Kakunyu ridge and thoge of the Lower Ruizi basin, aere no
litholosical boundsry is involved such a break can be envisaged
as 2 result of moderate continuous uplift, which would also explein
the wide zltitudinel ranre of the lower surface. Furthermore,

|
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the association of this break on the crest of the only extensive
single feature of the arca with the fact that the altitudinal
interval below this break overlaps widely throughout the areg
with the interval assigned by Fhillips to the lowér surface,
favours the placement of the intersurface boundary at:ithe higher
interval of &,800-4,360 ft.

1t can be concluded, therefore, that the concept of a
uriformly leterized upland crest-surface, does not necessarily
contradict the concept of a multi-level landscape, and that
previous concepts of two levels can be proved erroneous or
interpreted differently. Continuity of laterite between levels
and over breaks in slope can be interpreted as a2 late simultaneous
blanketing or by heterogeneity ~ with the laterite om the slopes
and on the lower surface differing as to age, thickness or origin.
In either case, the proof of existence of discrete surfaces of any
extent or grade is independent of the presence of laterite and
should be sought in other criteria,

The present view differs from that of Plummer and Phillips
in that it maintaing=iss that under conditions of pronounced
uplift and formation of high relief and residual land%rmd of
resistant lithology it is umlikely that laterite of whatever origin

and age will be preserved intact.

Conclusions as to the geomorphic relations of Laterite

1+ The geomorphic significance of laterite

The interpretation of the evidence presented in the previous
sections entail a reconsideration of the geomorphic significance
usually attached to laterite.

If the previcucly outlined pattern of upland surfaces,
is correct, laterite cannot be uced as a decisive criterion for
their definition. The two upper surfaces show no significant
difference in the distribution and nature of laterite types found
on them, 1In boih, luterite cover is patchy, erratic or residualj;

in both current laierizalion is cvident and laterite pavements
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aprear to be of later origin than the soil mantlej in both, what

nay be old lateiite is at least pertly residual and indicates
iesser competence than the underlying bedrock. It cannot, therefore,
be regarded as preserving or 'freezing' the original surface on

which it was ferméd. The unavoidable conclusion from the evidence

is that, on the contrary, it is the resistant bedrock across which
the surface was cut, Sha: preserved whatever relicts or residue of

a former laterite sheet that have persisted to the present.

Much of this applie§ also to the lower surface, where many
features of resistant lithology reveal only residues of laterite.
However, 2 great number cf features representing this upland surface
do carry thick sheets of laterite. But these appear in a pattern
clearly controlled by litheology and proximity of features of a
hirher surface. Vhere they exist on resistant lithology they are
arparently of predominantly secondary origin and their relation to
the underlying bedrock is fundamentally the seme as on the ugper
surfzces. Variety of origin and nature of form of occurrence thus,
prevents the use of laterite as a criterion for the identification
of a single lower surfzce.

t is , conseguently, a basic argument arising from the
present study thot on the preszent evidence laterite cannot prove
the éxistence of several surfaces. Upland bedrock lithology is
considered to represent a more sigrificant geomorphic factor than
the laterite covering it &nd, therefore, it is the existence of
surfaces tha t explains the distribution of laterite and not that
of the laterite which defines the exiztence of surfaces. Moreover,
the nature and distributional patterns of laterite are regarded as
necessary corollaries of the concept of multi-phased evolution of

the landsecape.

2. laterite and landscaje evolution

2. Laterite on tie initizl curface

The premice of c¢n initisl p:zned surface of a relatively low

absolute ¢levntion ond o vest-directed jentle continental slope
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existing in early Tertiary times, appears to be corroborated by
the nature of laterite relicts ané residues found on the Rwampara
Surface. The accumulation is relatively thick and if vesicularity
can be accepted as-evidence, it is a relative accumulation
produced during the planation of the surface by progressive down-
wvard migration of the lzierite profile. The relatively large
proportion of aluminiam compounds and that of gibbsite in the
alumosilicate clay indicate at least a moderately ferrallitic
environment which may be expected at the altitude of the surface
apd its exposure to western, relatively humid air nasses.
liowever, the thickness of thke laterite and, even more so,
of its underlying weathered zone, are much smaller than may have
been expected on a very mature surface ofpprolonged development.
This can be, probably, attributed, in part, to the fact that present
" relicts are found on what may have been the preatest relief of
the initizl surface and, in fact, on the then existing watershed.
But it would appear fhat this cannot be the whole answer and as
pointed out previously {p.i62) a modification of the theory of
primery laterization, especially in regard to the movement of

lateritic materials through the 'pallid zone' is reguired.

b. Zffect of landscape evolution on laterite of the upper upland

gurfaces
The eubseguent geomorphic history em—3eterite appears to

have been controlled, basically, by the differential erodibility

of laterite in relation to thuat of the underlying bedrock. The

fact that large trocts of the crest arca are bare of laterite

cover indicates the relative incompectence of laterite and it is,
therefore, reasonable to assume that upon uplift and the initiation}
of %ﬁew erosional puhase laterite would have tended to be stripped
off the elevated surface. It iz also conceivable that after the
stripping of the laterite sheet the effect oﬂerosion on the under-~
lying recistant bedrock will have been much slower, and the crest-

surface may kove been Iittle affected. Certainly, this is not a




repid process ard laterite ironstone is still a relatively resictant
rock. The stripping of a laterite sheet was, then a gradual
and prolonged process and proceeded unequally, derending un the
nature of the laterite itself - its composition and thickness -
and on extraneous gecmorphic factors. Howevef, it did proceed
independently of the geomorphic evolution of the underiying bedrock.
0f the extroneous geonorphic fuctors which affect the stripping
of:laterite, the orientation of the rrosional phase ic undoubtedly
important, In the present case erosion is envisaged as advancingw
fror the north and east and later also from the Southeast. The
southern slope of the Rwampara (initial) Surfact was affected only
at a late stage of the first erosioral phase and, conseguently,
relatively little. XLaterite was, therefore, better preserved on
tkis southern slope than on the northern ome. Since uplift consisted
slso 4f differential upwarp and deformation, the new altitudinal
disposition of any part of the surface in rclation to erosional
orientation should be taken into account tqo. Thus, the initial
surface in the Western Isingiro area was situated lower down on the
slope of the deformation than in the Zastern Rwampara area, and
consequently laterite was rrobably stripped off it to a greater
extent znd at a speedier rate.

The laterization that was associated with the development of
the Gayaza Surface during this erosional phase, was probably of the
same general type. as the laterization of the initiel surface. It
proceeded during a stable phase to 2 relatively mature state and
it is poscible that general uplift has not yet elevated the land-
surface enough to cause a profound change in the ferrallitic
environuent, either as regurds to average temperatures or accessi-
bility of atmospheric mofzture. The essential features of the
Chemical procese were, therefor:, similar - a relative accumulation
of & primary lateritic horizon uith the associsted ferruginization
of cecondary alumosilicate clay. There were bound to be, however,
a2lso fundamentzl differcnces. .5 observed, the Gayaza Jurface
has never attzined rerfect planztion; it was probably lesc perfect

then thet of the inilial surfrce since the availesble stable period




wes apparently shorter. loreover, the amouit of available rock
provided by differential uplift was possiblg less than that
availazble to the major cycle of the initial surface. The relicts
of this surface rcpresent either the very mergin of the original,
at the juncture with the slope of the higher surfacé’, or relatively
restricted residuals. In the marginal area of the surface, which
was the last to develeop, laterization was probably relatively

weak. It appears, therefore, that the laterite associated with

the culmination of the stable erosional phase was of lesser thick-
ness, had a larger proportion of clay minerals and a lesser one

of gibbsite in relation to kaolinite. At the same time, the
existence, for this surface, of a source of secondary lateritic
paterials in the disintegrating higher sheet, could have caused a
greater anmount of ferruginization in the marginal areas. These
progerties would indicate a speedier stripping of laterite on this
surface than on the Rwampara Surfece. It is even conceivable that
on the discection of the Gayaza Surface in the next phase of
uplift, smaller relicts of its laterite sheet were preserved than
of the already long-eroding Rwamgpara sheet.

Phe stripping of primary laterite cover proceeded, as indicated
by prisent processes, lzrgely through the disinfegration of its
edges, apperently by differential solution of constituents.
Consequently, the products of disintegration takef the form of
both fraguents of different scize and compounds carried in solution.
The newly stripped crest surface may, thus, carry -s o residue,

& large number of fragzents, mostly of gravel size but alco a few
blocks and a ferrugincus crust of re-precipiated lateritic materials
25 coatinge on the bedrock surface. Host of the disintegrated
material will be carried downslope both in fragments and dissolved
to provide edditional gecondury mcte:ial for the laterization of
lover surfaces. The newly cxposed bedrock surface is. then subject
to renewed weatliering and soil formation in which, probably, a
rroportion of the residual cluy from the laterite also takes part.

Vith new pedogenesic is associated also new laterization. It
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appears probable that with the continuing moderate uplift some
jevel of balance was attained between soll formation and erosion

so that present soils do not represent the initial environment of
pedogenesis on crests. Contemporary soils represent, most likely,
development since cessation of uplift and reneved prevalence of
slope retreat. They also represent a new environmental complex
created by high absoliute elevation and a reduced supply of moisture
caused by the shadow of the newly uplifted Rift shoulder. In such
an environment ferrisolic conditions prevail enhanced by the
inhibited decomposition of organic litter and, therefore, by a more
acid medium. Laterization takes the form of an absolute accumula-
tion through the leaching of the soil profile by percolating rain-
water and the convexity of the crest periphery makes this largely
an obligue leaching leading to the formation of laterite pavements
at the eroded edge of the soil mantle. Consequently, laterite
pavements are relatively young, strongly ferruginized both in
risolithic concretions and by adsorption, but also having a consid-
erable proportion of elay which is largely kaolinitic. It is
possible that a large proportion of the more soluble iron is carried
over the edge of the crest slope and consequently the proportion” of
residual clay ic grester in this form of crest laterite than it
would have been on a flat surface. It also means that an accumu-
lation of this type has even a lower limit than the precent 5011

mantle indicates and, therefore, thick pavements may represent

resulis of eeveral successive profiles, and added material from

dizintegrating old laterite.

c. Laterization of the lower uvland surface

is indicated, the development of the Sanga Surface was much
more complex than thct of the Gayaza Surface. It occurred concurr-
ently witk continucus uplift; it was prohably also concurrent with
the expansion of the lowlend surfsce and it affected heterogeneous
litholory. Crientation of érosion in this phase was still directed

northvard snd eostuaré with am acded southeastern direction. Large

e e e




zreas of incompetent lithology were exposed whereas resséant

rocks became gradually confined to the margins of the new surface.
Ho doubt surface development on the incompetent basement rocks
gained on that of the resictant margins and headwater basins and
became more ploned and mature at an earlier stage.  Primary
laterization associated with and followed by deep weathering
prevailed and a typical laterite profile developed.' Apparently
advanced planation and deep weathering embraced also part of the
less resistant sedimentary formstion - i.e. the shale and mud-
stones of northern Koki, in that area of the sedimentary formation
situated at the juncture of the northern and eastern erosicnal
orientations.

On the rezistant mzrginal azrea, which was of greatér relief
and general surface inclination and of lescer weatherability,
primary lcoterization was inhibited and apparently did not advance
much beyond develorment of a soil mantle. This mantle became
deerer as the surface developed but was not associated with deep
veathering or primury laterization. It was associated, however,
with a very intensive process of gecondary laterizetion by material
derived from the disintegreztion and dissolution of older primary
and secondary laterite of the proximoate remnants of the Gayaza
furfzce. This czecondnry loterication proceeded through progressive
impregnation of the whole soil profile, by iron-oxides which were
precipitated on soil sarticles and small rock fragments, forming
an almost totally pisolithic laterite. Continuous provenance of
lateritic mcterizls rrobably inhibited a clear differentiationg
of horizons, although the two distinect horizons whick were reocg-
nized may no% represent the whole scope of differentiation and,
probably an upper soil horizon, less impregnated, is now absent
through truncation. In any case, differentiation of lateritic
horizons vas not sufficient to create differential erodibility in
the relicts of thic secondery laterite znd at precent they appear

ced

as uniformly thick, flot-tor

sheets.
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The discection of the Sanga Surface does not appear to have
resulted frow any crominent tectonic event. It was a progressive
process, possibly concurrent with the formation of the surface
itself, but had an increasing rate on incomgetent lithology caused
by a#apid tetching" of the deeply weathered rocks, once the
jaterite covered interfluves were consumed, and by reorientation
of drainege which was either conseguent on the etching or due to
breaching of former watersheds and the creation of new ones.
Consequentl&, only very few relicts of laterite on this surface
were preserved in the area of incompetent rocks, mostly where
crevious watersheds coincide with the general disposition of the
newly evolved ones. DPreservation was much better where resistant
lithology prevented rapid undercutting of the sheet and conseguently
depended more on the nature of trie laterite itself. As was shown,
(Fig.®»2 ), remnants of pisolithic secondary laterite are sometimes
found on top of a primary rclict preserving a crest of a schistose
of plutonic feature situated at not too great a distance from the
source of the secondary loterite. It is reasonable to aszume
thet the thickness of this secondery laterite diminishes with
the dictance from the source, and that where resistant lithology
extended far svay from the rumnants of the Cayaza surface, or
vhere such remnants were of relatively small extent the meagre
cover of secondary laterite was stripped away.

This applied especially to the nill-series type of topography
rrevelent in areas where sedimentery formations are of low
metamorphic prade and individual crest features are of small
extent, In such areas, notably the Kokl Hills, a more advanced
planation and decp weathering occurred too, as intimated, and
Ireservation of laterite cover undercut by erosion of weathered
zones it less likely. Consequently, many uplzand features of this
surface are bare of lrnterite in the Kpki area. UHowever, the lute
stripping of this zurfac: and the omall extent of crests did not

allow the development of deep ond mature soil-cover, except where a
¥ I4 ’ i
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weathered zone was exposed over less resistant lithology. So
thet crest soils of the Koki Hills are usually more skeletal than
those of the stripped Gayaza and Rwampara Surfaces and laterite
is mostly scanty, residual and secondary, derived from the

gismantling of former sheets.

3. Laterization and landsurface

As observed above in the introduction to the chapter on
iaterite there exists a limit to the depth of the soil-regolith
rrofile at which laterite can accumulate, since access of
atmospheric influence is necessary to ensure precipitation of
lateritic materials in the mildly alkaline medium of the weathefing
zone. Ko de&inite 1imit has been determined for the depth of
possible accumulation, but it seems that it cannot exceed the
order of a few tens of feet. It is, conseguently, possible to
assume that a laterite shest represents a surface vhich was not more
than a few tens of feet higher, before the ugper soil horizons were
stripped off. Horeover, since stripping of goil cover and exposure
end hardening to laterite coincide with the inception of new
erosicnal conditions, an exposed laterite gheet can be regarded
a5 marking the culmination of = cycle or an erosionzl phase.

Tt is, however, the accumulation of primsry lateritic materials
that inficates the associnted cycle of erosion zni when thickness
of laterite is used to estimzte the amount of rock consumed during
that cycle, care chould be taken to exclude any thickness that
It should

be noted that nowhere within the investigated area was gy

can be attributed to a zecondary and exiraneous origin.

laeteritic accumulstion observed to exceed 10-15 Teet in thickness
on recittant lithology. Vith the original seil cover the whole
rrofile ie unlikely to Leve excueded forty feet on the initial
Rwempara Surface. The differcnce between the mean altitudes of
the Rwamparz nnd Goyeza -urfzces which iz about 500-600 £t and
the low contert of irom in ghyllites™{s) and quartzites, indicate

y laterite on L. Cuyaza Surface could not have been
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very thick, especizlly if considerable loss of iron through run-
off 2nd erosion is taken into account. Indeed, wherever in the area
bere crests indicete a late stiipping of old laterite cover, the
original surface must have been only very slightly modified.

The situation is at least theoretically different where early

stripping has sllowed the development of a mature soil rmantle, Without

sapporting evidence it is impoesible to assume that existing soil
represents the result of initial pedogenesis - that initiated by the
stripping of the laterite. Vhere old surfaces are postulated and uplift
is invoked it is vrotable that present soil mentle represents only a
current stage in a long process of interaction between pedogenesis sud
erosion. It is very difficult, therefore, to estimate the amount of

crest lowering involved in soil-formation since the dissection of the

surface and the stripping of the laterite, and only a tentative and very

rourh idea may be formulsted on the strength of circumstantial evidence.
One lime of such evidence concerns the depth of present crest-soils,

which rarely exceeds 4-5 ft. There are several reasons to beliefe that

it has never been much greater. Centres of crests, where soils tend

to be the deepest were, probably, lfast to be stripped of laterite

ané this stage is unlikely to have been attzined before a very close

draizage pattern, of the present order, has developed and restricted
¢rest area. This apparently, occurred only after the lowland surface
attained approximately its present pattern which, as observed, vias long

before uplift petered out. If such a close drainapge system already

existed, overbalancing of erosion by soil fermation after cessation of
uplift, could not have been very considerable. In other words, inherent
in the association of pedogenesis with stripping of old laterite is also

its association

—

(n) An average of 0,22 Fe 0z according to samples from Koki analysed

by C. Du Bois 1959 (Geologicel Survey of Ugandz, in Litt.).




with sites susceptible to erosion. Since the ratic of soil

production to soil erosion must have been lower than at present during
wplift, crest s0il mantle is unlikely to have been much deeper than it
is-st present, Pavement laterite derived from newly formed crest-spils
conta;_ns teo large a guantity of iron-oxides to have gll originated even
in the deepest soil profile existing at present and it may be roughly
calculated* thattthe sverage thickness of pavement laterite necessitated
the leaching of a soil depth of more then twenty feet, but less than thirty.
& similar calculation in regards to the volume of rock represented by
this depth of soil showed that thirty feet of soil resulted from no more
than forty feet of rock**. These may be regerded as maximal values since
no zccount is taken of Feao3 and TiO supplied ‘by disintegrating old
laterite, which was, protably, of considerable amount.

It appears, therefore, that present crest surface on resistant lithology
represents a wodification of the originzl surface by en amount of crest
lowering well below a hundred feet. Within the contour intervels available
for the area a modification of this megnitude, which has, undoubtedly, been
less than the maximal value in large psrts of the crest area, cannot have

zuch influence on the conclusions outlined above.

Soils of the Study-Area

“The study of the soils in the area was undertaken under the

———

Calculation is based on analytical data on l""eaO3 content in pa've:nent

laterite (approx. 4C%) and in present soils (approx. 15%)on the
Ruampara surfacejwith an estimated loss of 30%. Measured density of
laterite was 2.7; and of s0il 0.5.

** Based on content of insoluble ilmenite (Ti0:Fe0) in soil (3.3%) end
in phyllite (0.62%; density - 2.5).




sic premize that soil would prove to be the connecting link
between landforms and vegetation and, conse.uently, their study
would help resolve the correlations between thes Previous
reruszl of the available literature on the general subject of
geomorrhical relations of soils and vegetation (&s3=m%, Wooldridge,
1959; Stexens 1956; Mulecahy 1859, 1960; Nulcahy & Hingston
1661) has led to toe formulation of & preliminary hypothesis that

age of surface isuusually expressed in the nature of the scils

it carries, znd, conseguently, in tke nature of its vegetation.

It was thought thot since landscape in Ugarda can Be differentiated

into, at least, two surfaces of different ages, the basic aspect

of correlutior beiween landform and vegetution will concern the :

geplceted nature of both goils and vegetation on the higher, older l

surfzce or suriaces. With one exception there appeared Lo exist

no evidence or theory contradicting this tentative nypothesis in

relztion to climatically homogeneous areas in Uganda. . Or, more :

properly, where rainfall and temperature data show no substantial

orograyhic influence, soils and vegetation on upland (in the sense

defined above), seemed alwayo to be more impoverished than on

lovland. It was realized, of course, that depletion in most cases
due %o erosional processes and not to deterioration fhrough

prelonsed lezching and laterization.  The cvidence of thick |

continuous laterite over upland surfaces was reparded as supporting

this supposition.
The exception mentioned ubove comcerned the soils covering

the crests £ the Isingiro ©ills, Guyazza hillmass and some of the

Rwempure crests and defined arrop (1950) as the Rugzpa Series.

Ls observed alreaiy, this yac purported to have developed .

on e thick shect of disinterrating laterite, “though not necessarily

frem® it (Ibid., p.37). It is pointed out that their lack of
stability and resiciance to erosion and their relative richness

in exchangeable brzes do not indicate their residusl nature and

0ld age. Vegetationel ¢vidence to comply with this ceemingly

aberrant coce is only portial. In the survey of vegetation of the

ol
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relcvant area (Langdale-Brown, 1960) and the associated vegetation

sap, pirt of the Luyapa Series appears to carry a potential
more
climax much Muxurious than th

t envisaged on the snrrounding
lowland, but this is apparently related to altitude and not to

pedological attridvutes, Consequently, since this apreared to be

an isolated case of unsupported evidence, stated (in relation
to so0il) to be prodlematical, it was not considered to bear
decisively on the general hypothesis.

it wgs, lherefore, noted with surprise that field evidence
es ot

n
is T

I

lzrgely contradicts this nypoth

is was [irst noted in
relation to vegetation on what vas defined here as the Gayasa
Surface which was found to be, where least disturbed, more
luzurious and rich in specics than the sipilar community in the
adjacent lowland., .[The Rwampare Surface did not present exactly
the szme picture, but where soil "was preserved on it and
vegetation less dictubed, it still presented a richer vegetational
espect thon the lowland. It was also noted that the crests of

the Gayaza and, portially, also the Hwampara surface constitute
the primory agricultural concextrations in the area, and the centres
of coffee growing, z feature, it is believed, nowhere else to be
found in Usanda except in purely rountainous regions. BEven when
it is realized that thece concentrations resulted perhaps lurgely
from certu:in hictorieal circumstances (the famous sleeping-sick-

ness epidemic in the beginning of the gpresent century) the

existence of crest scils zuitable to support them was reascned to

poce a fundamerial problem in the rrecent study.




Classification of Tropical Soils

The endeavours of pedologists to attain a "natural"
classification of soils in tropical Africa, have been based on
two lines of approach dictated at least partially, by tke nature
of the laboratory work. empioyed. The Franco-Delgian approach
is based principally on detailed chemical and mincral analysis
and field characterictics are used only as secondary criteria
for subdivision. Conclusions as to the nature of soil taxons,
conseyuently, enzble the formulation of sound genetic concepts.
There is no doubt that such an aprroach is the best possible even
if the inductive genetic concepts derived from it necessarily

represent subjective interyretation. Unfortunatel such an
x Y 1

aprroach is not always practical on financial grourds and pedologists
frequently have to base their classificationshn field characteris-
tics alone or with the addition of only routine laboratory
exasination.

This hac been mostly the case in EZast ifrica, where only Yery
few chemical and clay-mineral analyss of soils zre available.
Since Milne (1935) formulated the 'catena' concept in East Africa,
pedologists in that region hove tended to zdopt the topographic-
geemorphic aprroach to soil classification. .There is, of course,
a fundamental difference between a purely topographic application
of the 'catena'-concept, and a geomorphic interpretation of
topography-soil associations. In’the first case the 'catena' is
used u5 a mapping-unit, devoid of ony genetic connotations; the
members of the unit have no penetic relutionships, ond =imply
indicate a recurrent sequence of cestain soil-types on similar
topography. A geomorphic int:rrretation of soil catenas, is based
on the concert of the soil taxon or the mapping-unit as an integrated
part of the landscare unit (Avery, 1956) end cince landscape units
rérresent stages in zn evolutionary process, s0il catena is

regarded as a replocement cequcnce.




o doubt this concept of a soil taxon zs a geographic of

o
tlandschaft! unit, asssociated with a certain natural complex,

T

recilitates inferences concerning many aspects of the nature of
the soil and its genetic character, e.g. - drainage conditions,

depth rofile development, degree of weatherin age, orgatic
¥ 1 1 © 1 ? o
t

v ¢

natier content, vegetation and even argicultural potential. This
is especially true where zeomorphic evolution is postulated to
have teen cyclic or phasal and topography consistsol: several
well-differentiated levels of differing ages but fundamentally
similer evolutionary patternss

It is the tendency of present soil-taxonomists to avoid
genetic criteria in soil classifications and to base themselves
on purely objcctive field chzracteristics and laboratory date
(as expressed mainly by the U.S. Dept. of igric. systems of
classification, 1960, 1965)., It would seem that this approach,
fully justified at pressnt within the limits of pedology, will
relegate soils to a purely deccriptive position in the study
of landscare complexes. It is preferzble, therefore, to accept
the deficiencies of genctic classifications which are associated
with tke subjective mature of the judgements and rostulations
rather than dispense with the use of coils as en interpretive
COmMEOn&nt.

lost likely the bect system of classificztion for the needs
of the present study would have been onz vwhich combines detailed

laboratory examinations with a geomorphic approach. sutissied,

a—wcamaprhs
[ T

gpepsech, Az intimated, a geomorphic approach forms
the basis of many classification schemes in Bast Africa, but all

of these lock sufficient lzboratory data to mcke any sound genetie
concepts possible. An attempt by Gethin Jones (1957) to consiruct

a genetic. classification of Zzst Lfrican soils, was based on the

genetic criterion of

1

%5 observed by Chenery (19460) thiz ic not a satisfuctor
J o -

criterion (without cufficient znalyticcl data) since it does not

recernce or absence: of laterite (hard ironstone).




differentizte belween current and millions of years old pedogenetic
processes. On the other hand, the Belgian pedologists (D'Hoore,
1956, 196k4; Sys, 1959) based their classification scheme on the
1

nature of clay minerals and oxide ratios, which strongly ¥eflect
the process of scil genesis. The gepographical implicétions of
this scheme are mainly climatic and only secondarily geomorphic,
but as a pedological genetic classification it has everything to
recommend it (Chenery, 1960).

Of the many schemes of classification which could be applied
to the soils of the study-area only a fsw will be reviewed.
Apalytical information from thece soils includes some mineralogical
datz but no data on chemical composition. Consequently it is
dgifficult to fit them accurately into genetic schemes based on
both mineralcpical and chemical composition. However, some
reference to the Belgian scheme can be made and therefore, it will

be briefly reviewed in rclation to relevant soil tyres.

Genetic classification schemes

Sys's classification of Conzolese Soils (1959)

re clasgification counsists of seven taxons or categories in

a descending order of iagnitude based on criteriafof decreasing
importance. The lurgest taxon - the order - is defined by the
degree of weathering (noture of dominant clay mincrals) and the
nature of the profile as exprecssed in the succession of pedogenic
horizcns. The degree of vezthering differentiates, in the first
plece, betwecn wveathered and unmcuthcred gzrent materials including
in the second category raw minecrcl, hydrouorphic ond organic soils.
Yeathered scils are Gifferentiated, in the firgt order, according
to. type of E~horizon into poduolic and non-podzolic scils. The
nop-podzolic soils are clacsified into two types of weothering -

,

kzolinilic ond ron-loelinitic. Illzolinitic coils or kaolisols

include 211 the scilc formed on moztly or completely weathered
naterials, with the greater prrt of the clay fraction cemprising

kaolinite ard free oxides.

o




The non-kaoliritic soils (less than 50% kaolinite in the
clay fraction), are divided into four orders according to the
nature of the profile, of the A1-horizon - vhether margalic (dark,

montmorillonite rich) or non-margalic, ané of the B.-horizon -

skins; polyhedral structure) or consiétent {structure less,
devoid of distinuct =lay content): recent soils (4-C, A-D profile
with a non-margalic A, horizon,) black soils (4-C, A-D, 4-B-C
or A-B-D profiles with a margalic A1 horizon,) brown soils
(4-B=C or A-B-D profiles with a Structural or consistent B
horizon) recent textural soils (£-E-C or A-B-D profile with a
textural B-horizon). Of thece the recent so0ils are probably
revresented in the zrea on steep slo.es and bare rocky surfaces
and the black soils - possibly in soils developed on alluvium of
a2ggraded but uninundated valley floors. 7

It is, however, mainly the kaolisols whick pose problems of
identification znd interpretation apart from comprising the most
extencive and characteristic soils of well-drained sites in
tropiczl regions. The criteria chosen by Sys to differentiate
the order of the Kaolisols into sub-orders are associated with
the relotion of their characteristice to climste, meinly in the
pedoclimalic cxpression. Three groups are distinguished, firstly,
according to the degree of densication of the prBfile: hydro-
Lgolisols which are intermittently wzterlogred and never dry out
entirely; =xerc-kaolisols which undergo & very marked dessication
the profile (coturation of the adsorbing complex in lower

rmedizte group compricing two

groups of suborders: the hysro-kaolinols whose profile is neither
vaterlopged nor dired out during the year (256 saturation in
lover horizons) and hygro-xcro-hkaolisols - whose profile dries
out temporsrily, witl the wilbinz point attained for at least
one monvi during the yesr (5S¢ saturation). Zach of these
groups is divided nccording to pedoclinztic temperature expressed

u
by the developuent of a hunic A _jorizon.




238

Since the hydro-kaolimols zre defined as showing a gley horizon
their differentiation from hydromorphic soils is probably only a matter
of degree. iith the available data it is, consequently, difficult,
to determine if any of the hydromorphic soils represented in the area
cen be defined as hydro-kaolisols. Elevation in the study-area is
nowhere high enough to produce a really cold pedoclimate with the
resultant pronouncedly h}lﬂ:ic A,‘-horizon.‘ It is possible, however, that
at higher elevations, some kind of integrade into humic kaolisols may exist.
Hygro-kaolisols. are d'eveloped typicelly in a very humid climate and under
a very dense forest and consequently should not be expected to occur in the
study-area. Xero-kaolisols may be present in the lowlands in the centre of
the area, where annual rain fall is less than 35" and accretion of bases
from adjacent upland is unlikely. In other parts of the area, soils will
be probably sll hygro-zero-kaolisecls.

Definition of Great Groups of soils is independent of that of sub=
orders, in that both hygro-and hygro-xero~kaolosils may consist of the
seme Great Groups. The general criterion for distinguishing Great Groups is
the mechanical, cilemical and minerslogical nature of certain genetic
horizons and the succession of)(horizons in the various suborders. There
is, however, a general conformity of the Groups with macroclimatic
conditions and they are apparently subject to a zonal pattern of distribution.
Thus, in order of increasing moisture supply the sequence of Great Groups,

is, as follows:

1. Tropical Ferruginious soils . Apparently synonymous with the xero-

——

* Sys states that the lower limlt of humic soils varysbetween 4,200 and
5,200 ft a.s.1, north of 6°N. It would be expected to béé\ﬁser to
the equator as the study area is.




238
kaolisols of which suborder they form the only Great Group.

They are considered to represent active pedogenesis in a relgigely
dry (less than 35") tropical climete. Ueak leaching is expressed
in either a high silt/clay ratio $0.15), in thu lower horizons,

an zppreciable reserve of weatlherzble minerals in the sand
fraction or the cccasional rresence of a B-teXtural (illuvial)
horizon without a corresponding A2 (eluvial) horizon. The clay
fraction is mostly koaolinitic with free oxides but contains also
2/1 lattice clay. Saturation of the adsorbing complex is 795.
Gibbsite is absent (Sioa/A120-:~2 or>2). This is a well-defined
group, appearing also in the French classification (sols
ferrugineux tropiczuxz; Aubert, 1954), and denotes specific
environmental conditions, differing from those of other zonal

tropicel soils.

2. Ferrisels. This group ie obviously itransitional to the next

group and is also considered to represcnt zetive pedogenesis but
in 2 more humid e¢nvironment, TFerrizols differ from the rrevious
group by pricence of z 2~structural herizon with clay-skins, by
a lower oilt/clay ratio tut not lower ticn 0.15 or by o lower
reserve of weuztlieratle minerals in the sand fraction (but not
less than 1¢%). The clay fraction consists of more than 5
kaolinite and free oxides and wmay include gibbsite (5102/51203:
~2 or<2), Saturation of the adsorbing complex is 50%5. In the
French classification (ibid.) the group ic included in the "sols
ferrallitiquec" and poczidbly represents slignitly ferrallitic

soils("sols faiblement ferraliiticuech).

3» Ferralsols, Repgarded as reprecenting reduced or halted

redogenesis. They s££ill centuin an epyrecicble smount of clay
020:4) but the 5ilt/cluy rutio 1540.15; he mineral reserve is
slight or abrent and & Z-structural horizon with distinct clay
gking ic zbuent. Norizons are ohly sliphtlyidifferentiated but
occasionally, = lez

c¢red A, horizon iz present without a correspon-
=4
@ing B-textural rorizon. This iz indicctive not only of intensive




. which
1szching but also cf deep weathering. The clay fractionfis

gredominantly kaolinitic includes appreciable quantities of free

es and, frequently, gibbsite (Sioa/A1203:<2). Saturation

of the sdsorbing complex is 25-504. ("sols Ferrallitiques

typiques™).

&, Repo-ferrals. Thic group reprezents corditions of intensive
leaching of ferralsocls. Consequently amount of clay is very low
€20¥5) in the upper part of the deep soil-profiles and mineral
reserve is very slight or absent. Correspoundingly, both exchange
capacity and saturation of the adsorbing complex are very low
€25%).  The soil rofile consists conseguently of A-C or A-D
horizons withk no B-~herizon of any kind. They correspond to the
t5ols ferrallitiques lessivés! of the French classification (ibid.).

Apart frou thece scil groups both humic Terriszols and
ferralsols are reco;nized as Great Croups where the usually weak

zon is replcced by a morked one, thicker than 10 CHay Very
k and with>2! carbon cortents

The rensral climatic associations of thece groups restricts
socsible representation in the study-nrea to ferrisols and
ferruginous poils with the possible addition of humic ferrisols
at higher elecvations, A more detailsd discussion of the application
of the.e categories to the soils of the study-zrea will follow
an exposition of the analytical data of these soils.

Zach Creat Group is regarded as comprising several Small

Greups one of which represcnts the type of (orthotyre) znd the

3

r

thers - intergrades with other taxons. Thus, tle Crthotype

errisol is distincuished from the ferralsol intergrade by having

more thun 50 of tuL¢ D-struchtural unit surface covered with a clay

he Crthotype ferrslsol is dictinguished from its rego-

ferrzl intergrade by bLoving mere than 25 of cloy in the upper l.m.
Tt is only in tke Zollowing category —- that of the (reat

Farmily - £hot the litholegical nature of the parent rock is fised

¢riterion, - hereae [eomorphic position comes
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only next as a defining criterion for the Small Family.

D'loore's System for the Soil Hap of Africa (1959, 1964)

This system is very similar to the former; especiaiiy as to
the dsssification of the basic - Great Group - taxons of the
kaolisols. The differences between the systems are asscciated
mainly with the greater scope of applications and the related need
to impart greater flexibility and to rely on schemes based on
différent principles. The principal results of this are the
elevation of the lithoiogical and colour criteria to-a higher
category ~ parallel to that of Sys's Small Group and the reduétion
of certzin taxons, e.g. the humic and rego-ferral Groups, to a
lover categori.

There are also several instances in which details of chemical
and other criteria differ or an additional criterion is defined.
Thue, cation exchange capacity of the clay fraction is stated
to be below 20 me/17t gr in ferralsols, over 15 me/100 gr in
ferrisols and higher than that in ferruginous soils. Saturation
of the adsorbing complex in lower horizons is defined for ferruginous
s0ils as exceeding 4(f), for ferrisols as below 500 and for ferralsols
as below LOf,

Charter!s interim scheme for the clesgification of tropical soils

(Brammer, 1956).

Charter’s clacsification, devised originally for ‘est Africa,

is less comprehensive than the Zelgian systems but appears tp
cover all the types of ccils which have relevance to the study-~
area. His approach is genetic in a more clus:ical, Russian-school
way, baged es it is on lieusirev's famous formula of "Soil=s S
clizate, vegetation, relicf znd droinege, parent uoterial and age.
It is, therefore, founded lurgely on field ond environmental
characteriztics, znd the uimplest chemical date - meinly pli.

The first cotegory or texon - the order - iz defined according

b
to the predomineting influence of one or ftwc of the factors




comprising the abpve formule. Four orders are, consequently,

distinguished:

I Climatcphytic Farths - whose characteristics are determined

gredominantly by climate and vegetation. They cérrespond to

the classic Zonal group of soils. -

II Topoclimztic Farths -~ Cowbined effect of relief and climate,

namely - montane soils at altitudes exceeding10,000 ft, in the
tropics.

IIT Topohydric Earths - Combined effect of rslief and drainage,
namely - impeded drainage on relatively low ground. Include
rost of soils formerly defined as Intrazonal.

IV Lithochronic Earths - Characteristics determined mainly by

parent rock and/or esge ~ namely, resistance, inertness or extreme
youth of parent material. Equivalent to Azonal and certain
Intrazonal soils._[Cn the suborder level, each of the orders is
subdivided according to different criteria. Since the problems
ascociated with the soils of the study area are ralated to those
included under Charter's Climatopkytic EZarths, the presene(biew
will be limited to tkhiz group.

Climatophytic Earths are subdivided according to the degree

of leaching into two suborders: b

A. Eyeoreds - so0ils in vhich percolating rainwater leaches the
vh#le depth of the profile, to groundwater level. Correspond

to the old %Yerm of redelfers.

B. Xeropeds - soils under low precipitation, in which percolation
does not connect with groundwater level. Correspond to Fedocals.
Strictly speaking, xe?}ed: muet be scurce in the tropicse Even
vhere reintall is low, it ic heavy and provides enough water fo
permecte the whole profile. Moreover, even in the contemporary
very arid tropics wetter climstes prevailed in the near geologicel
past and are reflected in the precent soils. It appears, however,
!“Eeful in view of the former ccheues to retein this taxon, in the

resent. clascificatior, under a more flexible definition in order
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to differentiate between the two main tropical environments. In
such a case hygropeds will correspond to Sys's hygro-and hygro—
xero-kaolisols and :eropeds - to his xero-kaolisols.

Bygropeds are divided into two Great Groups accoréing to the
reaction values th:oughout the soil profile, regardedﬂéé expressing
the differentiation of soils in active state of pedogenesis (rapid
release of bases counteracting the effect of leaching and,
therefore, a neutrzl to slightly acid reaction throughout the
grofile) - Basisols, from soils in reduced or halted state of
pedogenesis (acid reaction at least below topseil) -

Latosols. It is considered that under high rainfall (8C inches)
latosols develop directly from basic rocks so that basisols occur
meinly as relatively young soils under more moderate rainfall or
very briefly, over acid rocks, under high rzinfall. Anotler
characterictic of latosols is the weak differntiation of profile
horizons especizlly the B.-horizon. The development of an

authentic B-horizon is regarded as indicating a change into another
taxon, usually into Topophydric Zarth on a planed surface. Clearly,
then, Iatosols correspond, generally to the Belgian Ferralsols,

and Bazisols to the Belgian Ferrisols.

Zech of the two Great Groups is subdivided into two pairs
of groupc. In Lztosecls thece pairiis are clearly differentiated
according to the amount of rzinfall under which they occur.

Oxysols cccur under high rainfzil (70") and are, thereiore,

strongly leached showing p¥ values decrecsing from 5.0 al the

veathering zome teo 4.0 at the surfzce. Cation exchenge capacity
is low due to leaching of clay, but having developed normally
under'rain-forest, orgenic rotter content is relatively high,

the jrofile. Cchrosols are associated

deep and corceuently morc lecched, acid and poor in clay, pE values
belov the topsoil arnd whove the uccthering zone renge between

k.5 and S5y uzunlly 5 reverse Girection to that in oxysols.
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subdivision of basisols is less clzarly defined andéd is based

zainly on the colour of the solum. Red basisols are designated

orisols and brown - as Brunosols., There is a tendency for

rubrisols to occur under gher reinfall than the brunosols,
le

indicating a more profiound aching of bases and weatherable
minerzls, but the difference in colour may zlso indicate the eifect
of differential parent material - richer or poorer in iron.

ke criterien for further subdivision into groups is type

f vegetation: Forest, savannah or thorn-thicket, each indicating

certain cliuatic conditions, usually - amount of rainfall.
Cbviously, the normzl vegetation of ozysola ic reinforest and uhen
found under savannsh, it is only a derived one. Ochrosols mey be
found under forest where rainfezll is 40-70Y under broad-leaved
scvannak woodland (36-50") and under thorn-thicket (apparently
inciuding compeound-leaved savannahj 15-20"). TUnder forest pi
values in the uprer topsoil may reach 6.0-7.0 due to increased

minerclizati of orgznic patter, dbut fall rapidly to 4.5-5.0

krougk the rectlof the profile., Under savennah tlhere is no such
£211 and o velue. of pE 5.5 is retained throughout the profile.
Unéer thorn-ihicket inhibition of bacterial activity by direct
irgolation lowers the topsoil pil to 5.5-£.0 znd that of the lower
horizons to 5.0~5,5. CSimilur tendcncies are aprarent also in
‘rubrizols and brunosols.

Yeropeds are subdivided acccrding to conventionzl groupings -~
seddish Prairie, Reddich Cheutnut, Jeddigh-brown, Red Desert ord
Jegert soils - uwithout any attempt to rezscess this clessification.

Cf the tosons defincd in thic classificution the Zavannah
and ‘thorn-thiclket ockrozelz, savannch arnd thorn-thicliet rubisels
and the savannak bruncrols are :0ssibly reyresented within the

study areu. It con be sonzecuently, that zlthough there

ezicts o peneral corresponience of Lurge Groups between Chorter's

ts clacoificntions ihere is no eguivalence and Lhet the

éifferent eriteriuc of definition et scuewhat different limitls to
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Ceosnragphic clessification

i
Zcott's scheme for Zact Africa (1960)

is bzsed mainly on Cethin Jones and Scott's

Tunganyika (1952) and on the il Survey

the next gseection, is included under the

due to tae fzct that jenetic taxons are

re arded oo mewbers of fopograpnic sequences and as tho representing

stages of geomorphic evolution and are mapred, accordinsly, on the

not principle. Otherwise, the scheme is based on the effects

e and climatic factors and, in common with many

schemes in Africz, depends on field characteristics

Phe basic taxon - the Great Group -

¢ the American usage, according to the nature

tures being colour, texture, structure

r with amounts or orgtuic
ecous znd iron concretiona etc., site
razhy in conjunction with physical and
se iteria are used flexibly, a certain
cach Great Group.

ne
The firzt separation of coils, by inference, is made betveen

thered soils.

“hece lacst zre according to their droincge into Tive

categories in order of increasing impediment, from well- to
roorly-drained soils., The well-druined soils zre subdivided into
four reinfall categories: Humid (4O"), sub-humid (30-40"), semi-
arid (20-30") and arid ( < 20"), It is rccogrnized that these

categories wre brond and'me further cubdivided sccording to

the effect of rainfsll on base caturation and totel bose content.
Of the 14 Great So0il Croups included in these cutegories not only

the four of the within tlhe rainfall

range of the are: wub wlze the last three of those included in the
hunid rs_ion er Lo be relevent in the present context.
‘ 36 Crest Croups vbich rice tic scheme are arranged

for the vhole of rrine jenerzlized groups of coil-

fricu,

topoprs
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|
\
i
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znd nature of relief commencing
ridge topograrhy throurh ridge to

gently undulating to level, and

d essed and with redissected topogranhy.
Special groups are zsscigned to specific relief slements such as
incelbergs which may ayzear in several groups and to combirations
of climcte, prrent rock and relative stage of geomorphic evolution
wvithin each groug, enzbling the construction of evolutionary
seguences according to different climatic conditons and parent rotk
and perhaps even rélecting changes in climatic conditions.

The association depicted for the region including the study-
azrea is Gefined in the group of highly dissected to brozd ridge
topography and consists of three Great Groups: crests of high
ridges with shallow stony soils and rock outcrops; slopes and
broad lower ridges with yellow-red sandy clay-loams (humid region)
and valley floors with alluvium, lacusirine deposits and swamps.
This is, of course, a very much gemerclized outlime and the
simplified topographic components are, perhaps, justified at the
scale used. It is, however, clear that zn erroneous climstic
définition has been applied and thot the same topographic combination

chould have been associated with a drier climate.

The Soil Survey of Uganda (Chenery et al., 1959-60)

This in:fact, wac not destined to synthesize a natural 1
system of classification but only to provide a practical, convenient
scheme Biated to be directed meinly =t non-pedologists. Consequently,
itvrepresentsesscntially a simplified, genetically non-committal
1list of ceils.

The primery division of soils ic nod related to any pedological
criterion but is boced on the postuluted classic erosion-surfaces.
Only where the tcheme of surfzces could not be epplied. or where
Boils are clearly relcted to litholegy as independent of geomor-

phology, were other primary divisions defined. It is argued, as

observed, that frow (ivicion into geomorphic levels many pedologic
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choracteristics can be inferred and thet, therefore, the division
is & natural one. Furtier sub-divicion is not comprehensive and
vhere it exists it is ususlly defined according to porent rock ox
zzjor genstic properties {rock end skeletzl soils, young alluvial
soils, pre-weathered soils etc.). The beegic units ere series

2nd cotenac which azre delimited es jeographic units snd édefined

by both pedological proreriies and site characteristics.
The system suffers from severzl deficicneies, apart from the
lack of detesiled chemical and mineralogical data. It is based
on z geomorphic scheme which is, by no means, proved or even generally

accepted. Conse.uently significent implications of the primary

i y those related to the age of coils und paleoclimatic
alecgeoncrihic influences (prezzence and nature of laterite etec.)
may be incorrect. The absence of & comprehensive sub-division of
yrimory categories according to come pedclogic criterion related

o
to environmentz tends to make the syctemd clumsy and unenlightening.
Each primary divisio

n conscguently, arpearc as a long list of

geographic appellations which may represent scils pedologically

widely diiferent.
Cn the other many adventages for relatively

small-scale studies especiully cuch as are not concerned solely
t

F3

with soils, and, therefore, attains its stated purpose. The non-
genetic geographic agproach hus, of cource, the advontzge of objec-
tivity once the implications of erocion-curface groupinge are
accerted as being flexible. And the geographic ascociation of hesic
units helps in the recopnition of locel zoil patternc.

Several basic units of thic curvey relutes to ceversl surfacec
occur within the siudy area or zre reluled ils, Cirnce

<
its avuilzble for the study-




Soils of the Study-Area

The examination of soils was undertaken in a number of soil-pits
dug at selected points élong certain transects. The transects were
drawn 80 a8 to include two or more distinct levels of landsurface
with at least one transect to each upland-lowland geological complexs
Pit localities were selected on both lithological and vegetational
grounds 80 as to cover both/PSssible types of perent materisl and the
apparent vegetational assemblages. Consequently, transects represent
perely a genersl direction along which pits are aligned, In each pit
the profile was described and from most of them samples were {aken
from each of the diatinct horizons. Samples of representative profiles
were exanined in the laboratory for base content, exchange capecity,
'bq;:,sklhxrltion and pH. A limitedsslected number of samples from lower
horizons were subjected to clay-mineral ani mechenicsl analyses. (For
description and comments on representative soil profiles - sece
Agpendix I.) '

mm Exsmination of Soils

The results of laboratory examinations of representative

profiles will be presented, as were the profiles themselves, according

%0 the geomorphologicel units on which they were taken. In this




way, the rphysical and chemical properties of the soilswill show the
trends in reletion to their geomorphological position, and any departures
from these trends. A fundamental fact emerges from such an exposition,
ranely, that soils are not necessarily of the same age as the surface
on which they occur and that they present strong evidence to suggest
that considersble erosional modification has taken place. Another
emerging fact is that parent material exerts effect only on the
lovest level, that of texture and colour and that higher level
properties derived from pedogenetic processes are determined by
climate, topography and the sequence of geomorphic evolution,

The enalytical data from comparable locetions in the study-area
presented by Harrop (1960) is included for comparison. It can

be seen that very great differences exist in the results especially
as to content of exchangeable cations, excbange capacity and base
saturation and alsc; mechanical snalysis. No satisfactory explamation
has been found for this discrepancy. The reason should be sought
perhaps in the different leboratory methods, bub it should also

be noted that s similar discrepancy appears when Harrop's data

ave compared with those presented by Radwansid (1960) on some

comnon =oils {Mawogols and Buruli Catenas). In any case, the
discrepancy does not obscure the fact that trends of properties

shown by Harrop's data are fundamentally similer to those of the

data presented here,
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Table8: Analytical Data for Soil Samples ' ~ o
: Fechanieal —— e -
- Swface/site ] Soil type Do Analysis(i)e Exch Cations (n.0.%) C.E.C. L Mineralogy (DA, X-rey aiff.) ‘
e in, §sand) sizt | c1ay Colf) KM M) sm] ae (s 1 v, Send st Clay N
B | mospra | m2 S 13 B e 52| seasfosfeles 8.7 I33.6 ps 16 | 48 faolinite 4 mmlu::o Keolinitel,
Ly i ‘ Crest Slope B[ 3] 6 Iarf| 2.0 ©.200.7 10,1 0.1 | 3.1 J29.4 o 8 10 fusrts oo+ | Feldspar ++ | Dajee 67epe
1 ’ Tinenite 7. ;
L o1 15] 2( B (vef o o.2doa 0.2 {0,049 1.6 15,9 }o 5 [os te + WACsre goapg i
i Cayaza m 5 = © 1 = Is.9] 15| s.50.9 }0.1 0,720 29,5 250 | 3.2 |
B D rest i 8 7 B[ 8 J69| 1.4 s.6o.8 f0.1 0.2 25,1 28,3 250 | 2.8
; 20 A1 s (66 1.ef 6613 J0,1 [1.1] 20, 24,0 250 | 2,0
i 0 | ] 42 M]70) el 582.0 |00 0.7 | 12.9] 19,8 2% |15
|
i 0| m] o 4 120) wel 2918 0004 o8 456 % | o6
! Rogaga 8 50| 44 33 16.6 | 2.8) 5.000:6 {0,0 [ [13.4] 174 19 | 2.4
V (Harrop, 1960)
18 s o 1 %l6s] 9.2 590, |0.0 |o,09 13,5 6.5 7 | .3
. : 30 ) s6{ 12 32 7.0 § 10.3( 5.800.3 |0,0 [0.0d 15.4] 16.5 6 [ 1.3
) : 2 1s%{| 1 (73] 9.2 57004 lo.0 Jo.0d 13.3] 15,3 hoo 57 | 0.9
m 8 29| ®172) 6M 1008 [01]04] 8.5] 20,539 5 | 2.0 |ouarts ""“"f” Kaalinite Goy l
! |Quarts +ae ¢
- ' 0 J 2] o 661 ag 10100103 7.2 196 s [FoMaper + !
. & 3] % 9.6 | 35 12 Emanite < ’
I
BEEN ; |
‘ Tuingire 9|7l s 165! 9.8 140,z 0.0 f0.0f 11| 15,000 2,4 i
‘ Garvep, 1960) 9.8 1, 10 (0,0 | 14, 2,5 |
B |7 A Ble2] 66 3.q0.6]0.0]0.0] 0,5 156 % 16.5] 0.6 :
) 2 |6 61 2960 s sdoe7lo0]oo 97| 13.8{70 51 |1. 5 i
. ]
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251 i
------ - .’
i =5 5|46 /16 28] 55| 2.8] 1.0 0.6 0,4 0.2 %7 2420 [ 5] 2,2 | Kaodinite o Kaolinite + | Keolinite + 1szopgres |
: 15126 (19 [s5)5.0| 2.0]0,2]0.7{ 0,1 0-0213.0 126.6 [11 | 2| 1.2 | Querts +u CQuartz +++ | lite 630ps ‘
W [40)25 1351 5.4 1.2]0.1]0.5] 0.5] 0,00 19 [136 (14 | 2| 0,4 | Olaenite « Tininite 14A° Slcps ‘
Slope biad w[66] 912548 1.2{0.2]0.6] 0.1 0.1 12,2 1157 [43 | 12| 1,7 ‘
o : ' 8761151 9/ %.9] 0.k (0.2 0,5] 0,1] 0,01 | 1.2 | 9.6 |22 2| 1.0
; | Tsingive 8({mf 7 zje.b 2.6 5.0 /23] 0,0{ 0,02 19.9(24.6 |81 1600 3.9 :
(Harrep,1960) :
25| 5[ 4166( 8.1(1.7]2. | 0.0 0.0 (12.5(16.5 {76 | 370) 1,3
'L—h.‘
Loviam ma 513538 |22) 5.7 | 2.8 |0;6 | 0,9/ 0,1] 0.2 46 12,90 3| s{2.9 | quarts eve Guartz +++ Keolinite S3%
- « foothill 5130136134 5.2] 1,2]0.2|0.4] 0,1 0.2 | 2.4 82| 23] s5|4.3 Feldspar 7r |  Feldspar + Tlite 47
- podinent 30/23131(46] 6.1] 3.2]0.8]0,5 0.1 00| 4,6/ 11.3( 41| 2{0.2 -
’ X Moarara 6168115 21) 64 | 13,6 (7,5 [ 1.3] 0,0] 0.0 | 22,4 25,0] 90 (13 (3,5
‘ (Earrop, 1960) 15| 66] 11 23[ 5,3 5.012.810.7 0.0/ 0.01| 8.5 | 11,1 77 113 | 1.6 i
T 251 651 9)26) 52| 2.9]1,6]0.4 | 0,0 0.0 4,91 &3] 59| 39]0,5 ;
: : ‘ 611 11)28) 5./ 52 [1.0 (0.5 0.0] 0,08 | 48| 75| &4 2 |03
! 381 591 11130/ 5,5 2,5 1,3 0.510.0({0.031 4,1| 6,8[61| 13 %3
- ﬂf H » ' :
.Z; o id-lovland | -1TR 8| 63] 15. 22) 5,91 2.0 0.210.8]0.11 0.0 [ 51| 8,935 2[4.8 Quarts +++ Keolinite + | Kaolinite 60%
' podinent 2| 29| 19| 42| 50,8 |0,2 0.2 0,4 0.0 [L3] 9z(4 | olos Feldspar ++ :ﬂ: ‘m Tiite  s03
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T Havogola 471 6 23 6.2 3.0 1.4 0.6 0.0 0,0 50 7.9 &5 24 1,9
» (Harrop, 1960) 8 65 1223 5.8 2.0 1.2 0,5 0,0 0,0 3,7 72 51 10 1,1
B 55 1233 54 0.6 0.9 0.5 0.0 0.0 2.0 5.8 B 3 0,7
30 55 6 41 5.3 0.5 0.9 0.9 0.0 0.0 2.3 6.6 35 & 0.6
B : 12 5 1055 54 0.3 0.6 L3 0,0 0.0 2.2 63 35 9 0.4
5 ', Flat floared bt} 4 61 821 5.4 48 3,0 0.6, 0.0 0,1 8.5 5.0 57 24 3,2 .
. vaileys ‘ 2 52 20 2851 3.2 1.6 0.3 0.3 0.1 55117 7 1 1.9
T 30 %8 1042 4.8 7.0 2.9 0.2 1.0 0,011 154 T2 % 0.8
45 5 037 52 7.4 23 0.2 1.0 0.0 10.9 15.6 0 31 0,3
* Sand 50m - 2mm; silts 2 - 50m; Clay 2m
** NWineral intermediate between chlorite and mentmorillarite
*#% No percentage estimate was given. Counts per Second are prosented as a measure of proportion with
e e different backgrounds at 14°20: Ip2 — 38eps; IB3 - 3dops. A very tentative estimate of the
respective percentages is: TA2 - Ka, 68%; I11. 24%; 144° - 18%;. IB3 - Ka. 43%; I, 304;
148° - 218, - A SR ’
a7 _ . .
- PR g

The analyses were performed by Mr. A, Theisson of the Scott's (National) Agrieultural Laboratories in Nairobi.
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1e Porticle-size distribution

If aberrant soil types such as the very young soils on
arenaceous rocks, or soils supplied laterally with leached

materials in crest depressions, at foothills or on valley f£loors,

are excluded from calculation a definite trend towards increasing

sandiness and siltiness and a decrease in clay, with the mean
elevation of the surface, as illustrated in Fig. 36 . The values
shown are for an approximately equal depth of soil (25-35%),

Those for surface horizons are not shown, btut although they are in
gereral more sandy, they follow the same trend., Harrop's data,
for similar depths, show the same trend only if the fine fractions
are combined, This ia, probably, a result of differences in both
analytical techniques and fraction definition,*®

There can be little doubt, since mature s0ils on both arenaceous
and argillacecus parent rock are included, that the greater
sandiness of lowland soil suggests their stronger leaching.

The effect of leaching on particle-size distribution within

the profile appears to depend also on site characteristics in
relation to drainage. In sedentary soils affected by vertical

I e

percolation alone or whose internal lateral drainage is moderate,

there appears to exist a generel incresse of clay with depth.

P ST 4

In such soils the characteristic profile is an A-C one, with
the 11luvial horizon in the C-zone and without noticeable

differentiation of the B-horizon. In soils of excéssive internal,

* i.e. The Uganda's soil survey definition of silt is narrower (2-20p)
than that edopted in the present work (2 - 50 p e




." Q-

U3,
o
vt

lateral-dovmslope drainage such as those situated above o fairly
steep slope or in soils subject to import of materiasl by surface-
wash, clay tends to form a higher proportion in upper, usually the
subtopsoil Al-hoz'izoqs. These‘properﬁes are associsted with a

specific distribution of exchange capacity within the profile,
2. Soil resction

4part from aberrant cases connected with special site conditions
or, perhaps, with .;special climatic conditions, there appears g
well-defined correlation between soil reaction and swrface relations
of soils. Generally, lower horizons (25-35") of uplamd-crest soils
are less acid then those of lowland surfaces. A prominent exception
to this rule is the soils of the Rwaupara Surface (14,) showing a
promounced acidity already in the surface topsoil. With only one
sample o juige from, the apparent reason for this, supported by
high organic content anj type of vegetation cover, is predominance
of humification over mineralization of organic matter due to higher
altitude, A more satisfactory reason may be provided by more
deteiled kmowledge of distribution of effective rainfall, It is
Possible that reinfall on the Rwampara Mountains is higher and
more efficient. In such a case, low pH values will be caused by
Zreater leaching and lower base saturation. Such a possibility
is supported by the fact that on the Gayaza Surface, samples from
e westem part of the area (Gayaza hillmass) which is supposed
o receive nigher rainfall, are more acid than those from the dry
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centre of the area, although not as acid ag the Rwampara soils,

On the Geyaza Surface the mean pH value for s0ils at a depth
of 25-30" is 6.4 (including Harrop's samples which bave:+ihe same
range of values). If the western sanples are excluded the mean
value rises to 6.6. The only exceptions are the very shallow
sioletal soils on slopes (e.g. IC1) which have values below 5.0.
Soils on the Lowland Surface (&lso including Harrop's samples)
bave, at the same depth, a mean pH value of 540. An exception to
this are the soils founi at the foot of the granite tora w};ich may
have pH exceeding 6,0 due to the rroximity of weathering rock,

Within the profiles themselves, the trend of pH value is
closely related to base seturation and consetiuently, tends to be
relatively high in the topsoil containing mineralizing orgamic
natter, falls perceptibly in the 11_5 horizon and B-horizon
vhere it is present, and then rises gradually or sbruptly, depending
on the degree of leaching, as weathering parent rock is approached,
Tke exceptions to this normal trend are soils in which the lateral
SPply of bases is excessive (IB1, Rugaga; elso the *tor-base! soils,
see Harrop, 1960, Appendix ps13) and in vhich pH valuss rise from
the surface down to the base of the profile or even fall sharply
after reaching a certain maximum in a sub~topaoil horizon,

R




3, Ex capaci base saturation and the content of
exchangeable cations.

Exchange capacity, dependent as it is on clay conteut and
mineral neture shows & definite trend towards decrease with the
elevation of the surface (Fig, %7). Correlations of base content
end base satwration are more complicated. Accoriing to Harrop's
data there is a parallel decrease in both velues from the Gayaza
Surface (Bugaga amd Isingiro Series) to the lowland. On the Rwampars
Surface from which he presents dats only from the somewhat skeletal
and leached Bugamba Catens, all three velues are very low except
at the surface. The data gathered in the present work differs
in showing a high exchange capacity in the Rwampars Surface soils
and an upward decrease only in base content and saturation, Furthermore,
this= decrease is smeller than that shown by Berrop's data (38%

decrense in base content; 7L% decrease in saturetion ag compared
with Harrop's nearly 100% decrease in both values), On the other hand
the specific position of soils on foothill pediments as relatively
base-rich lowland soils, shown in both cases, is enhanced in the values
shown in the present work, There is a small increase in both base
content and saturation of foothill pediment soils in relation to
those of the Gayaza Surface.

Thia increase is due to a constant supply of calcium anl potassium
from the upper surfaces, as illustrated in Fig.»8. Magnesiwm,
*hich ocoupied the second place in the proportion of metal-iron




constituents, is epparently less subject to leaching. The
proportions of exchangeable cations show the same trend as the

total base content, rising to & peak in the soils of the foothill
pediments (Ca,K) or of the Gayaza Surface crests (Mg) and illustrating
again the specific character of the Bwampara Surface leached, acid
soils. Harrop's date also parallel the trend shown by total base
content, of decrease in the three metal-ions from the Gayaza Surface,
through foothill pediments to mid-lowland pediments,

It appears therefore that the dats gained from two sources agree
as to the fundamentel difference between the soils of the Gayaza
Surface and those of lowland pediments which are not smubject to
extraneous supply of soluble bases; the soils of the upper surface
have a higher base content, a greater exchange capacity and a higher
base saturation of the exchange complex. Dearth of data prevents
an accurate assessment of the nature of the Rwampara crest soil which
is undoubtedly different from that of the Gayaza Surface soils,

The difference between the two data sources as to the nature of
the foothill pediments may indicate that an intermediate character
is more representative of average properties of this scil type and
that since the trend of increase in the values of these properties
is not very rronounced, it does not distort the gensrel trend.

4  Soil mineralogy.
The results of the mineral analysis of a number of subsoils

show a consistent high propertion of umweathered or partially




weathered minerala, besides the expected, pre-dominant kaolinite,
The minerel composition of the soils appears to be re¢lated more
to the nature of the rarent rock than to Eurface disposition but
undoubtedly it is also dependent on the degree and form of weathering,
The presence of illite indicates a partial weathering. of wmicas,
probably of the slowly weathering muscovite or biotite; 11;1°, restricted
to soils on phyllite, possibly results from the weathering of both
nuscovite and chlorite, a constitutent of rhyllite. These minerals,
however, indicate only partial weathering of which the further step
is the loss of potassium from the 11lite and 140° ang the formation
of kaolinite. Felspars apparently represent umweathersd minermls,

The distribution of s0il minerals shows (Fige»9) a certain
trend which is expressed by a general increase of weatherable
minerels and a parallel decrease of resistant minerals with decreasing
surface elevations, This may mean that the lowlani surface is either
at an earlier stage of weathering or that it is less leached.
Unfortunately very few other mineral analyses of Uganda s0ils are
available for comperison. Those rresented by Chenery (1960) concern
20ils under different climatic and geomorphic conditions and relate
only to the clay fractions, It is, however, of significance that
2ll thoge lowlamd soil-gamples containing more than 10% of weathersble
minerals are from lower members of the catenas or from alluvial series,
The high proportion of weatherable minerals in the lowland, especially
wd-lowland amd soils, is surprising when taken in conjunction with
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the strong field evidence of deep weathering and the accepted views
on the two-cycle tropical pedogenesig (0llier, 1959), The 'tapt
landscape associated with the area in which the sample was taken, and
the numerous exposed desp keolinite profiles, strongly suggest that the
s0ils have been formed on Pre-weathered materials from which most of
the weatherable minerals have been long removed and bases for plant
mitrition can no longer be released (Ollier and Radwanskd 1959).

This is well-attested by the very low base content of the soils and
their greater acidity, exemplified also by the relevant sample

(1B2). Consequently, the high proportion of weatherable minerals

in the same sample is difficult to explain snd no satisfactory answer
has been found,

However, several facts should be kept in nind: as described
previously the IB2 profile rests on weathered parent material at no
great depth and the parent material itself is mot entirely kaclinized,
It is conceivable, therefore, that this specific profile, sited on the
upper glope, is of relatively late development, Pollowing the stripping
of weathered mentle, with the weathering bedrock still not far below
the surface. The fact does not explain however, the acidity of the
80il and the low base content and the problen cannot be resolved
wntil nany other analyses of this soil type are undertsken. It is
the opinion of the present sriter that all the other evidence presented
here, indicating the relative poverty of mid-lowland soils in

fine-fraction content and exchangeable cations and the low capacity
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H of its exchange complex, outweighs +the single mineralogical evidence
and suggests that these soils have been more thoroughly leached
than the uplard-crest soils and are apparently in a retarded state

¢
:
{ of pedogenesis,
{
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The Nature and Geomorphic Relations of the Soils

An At at clasgification

In view of the preceding data of soil properties, it appesrs
that the classification proposed in the Survey of soils in the
Western Province of Uganda (Harrop, 1960) needs only few modifications
on the series level, within the limits of the study~-ares.

While it seems obvious that the tywo types of the Rwampare crest
soils ere genetically related, the shallow, IA1 type representing
& younger or a slope~sited phase of IAZ, it appears necessaxy to
distinguish the crest-soils of the Rwampara Surface from those of
the Ggysze Surface which closely parallel Harrop's Rugaga. Series,
and define them in a separate unit. The identification of these two

types in the Memoirs, appear to be based solely on the definition
of the surfaces on which they are found as parts of the same Ankole
Swface, While this definition may be correct in the sense that |
these are surfaces of an approximately similar age, it is very doubtful, [
éven on general theoretical grounds, if soils upon them are necegsarily
identical, Mo laboratory data are given to support this identification
8nd an incongrusus prattem emerges from it, in which the crest-member
of cne Catens - the Bugamba - appesrs as the uppermost member of

another - the Isingiro Catena. As was discussed above, on the other

band, the 80ils perallel to those of the Isingiro Catena show
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gradation from shallow lithosols to quite deep latogols. It wams
recognised that topographical and lithological diversity can result
in variation of gradation series quite apart frem diversity imfosed
by age and past influences. At least two types of a fairly advanced
stege in such a sequence were described (IBY; TBY). It is also admitted
that differences between well-developed crest soils and crest~slope and
shellow soils are pronounced, Yet, surely similarities in chemical
properties (high base content, exchange capacity and base saturation
§tc.) justify the conclusion that genetic relations are closer between
the Rugaga Series type and the Isingiro Catena type than between the
former and the Bugamba, type.

Consequently, the dividing line should be placed between two
groups of series: Bwampara~Bugambe. and Rugaga~Isingiro. The first
series in each growp indicates the crest-soil - more mature,
differentiated and leached; the second - the shallower phase whose
development is either more recent or inhibited by topographical or
lithological circumstances., The intermediate steges have been
rartially but not sufficiently identified in the Isingiro Hills, ami
appear to differ with topographical-lithological complexes. An attempt
to neme these units meets with certain difficulties of classification
end terminology, It ig an eccepted usage in genetic soil classifications
to separate shallow, skeletal soils, reflecting mainly the parent-rock
Properties from the potential products of their further pedogenesis

at the order level, on the basic premise that genetic classifications

should refer to pedogenetic factors as expressed in soil properties




and not to possible but necessarily at least partially hypothetical
evolutionary sequences,

There is no doubt that certain soils defined in Barrop's Isingiro
Cotena are lithosols. Their separation from other skeletal soils on
slopes (compare IG1) which are not defined or mapped in the Memoirs
is presupably based on the arenaceous parent material, while the
existence of an unrelated crest-soil Series in their midst is '
escribed to an underlying laterite sheet. It is, however, certain
and attested in the Memoirs, that not all the 80ils included in this
unit ere genuine lithosols., On gentler slopes they appear 1o possesa
characteristics of young but already well-aevelope_d soils, influenced
also by other factors than perent materials, It seems, therefore,
that only the shallow slope-50ils should be classed as lithosols and
separated on a high order level while the crest-soils of all phases
of development should be grouped together as a unit conaisting of
variants which are defined eccording to stage.of development and soil
properties,

The other difficulties encountered concern the usage of the term
"cetena® and the geomoxrphic relationships of the soils. No doubt the
use of the term "catena" to define the Isingiro soils has desisive
technical advantages since it enables simplified mepping,. It is
Justified ag long as it is understood that it has n0 genetic
implications end does not include the whole topographic sequemce

from crest to foothill pediment and to lowland drainage line,

.-
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These implications are very misleading when related to uplani-

lovilard sequences in south-west Uganda. where pediment acils ere

related to upaand crest soils only in secondary and derived Properties,

It appeara that in this area the usage of the term should be best

restrioted fo either crest or lowland Sequences and the two separated i

by lithosol units defined by the parent rock,
4s observed, groupings of soils on the basis of postulated

surfaces may be erroneous as +o implied so0il properties ami veriety,
The only consistent relationship between surface levels ami soils
appears to apply to general differences between upland soils on crests
and in lowlands and even in these cases there sre exceptions to the
rule. Thus, if it may be stated that as a rule upland crest-goils

show properties implying more active current pedogenesis than those

of the lowland and are consequently better supplied with plant nutrients,
the statement does not inclwie soils on residual upland crests which
are usually skeletal and ecid, and poor in nutrients representing
lithosols developed after stripping of a former soil mantle,
Purthermore, as shown by the foregoing exposition, distribution of
20il=types does not correlate with different upland levels, The

deep s0ils of the Rwampara Surface are of two types, one found on the
: crests of the Rwampara Mountains themselves end the other on relicts,
e °f %is Surface in Western Isingiro. Differentiation seems to result
’ from climatic eng Yopographical circumstancew, or perhaps parent

: material and not from the age of the surface, In other words, &
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geomorphic classification of soils may be based on landform and relief
tut mot on geomorphic history, since soils, especially on elevated
end dissected old surfaces, may have no relation to its initial
nature,

Another modification of the Soil Survey classification appears to
be necessary in relation to the study area. It is doubtful whether
the definition of the Mbarara Catena as presented in the Memoirs and
exemplified by a single profile can be extended to as large an area as
depicted on the associated map, It would appear that such a
definition should be restricted to g relatively narrow foothill
pediment fringe, where the influence of transported, dissolved
and suspended material from the actively weathering and eroding
adjacent upland slopes engenders specific soil properties, At some
distance away from the retreating upland slopea,. where lowland soils
are older, base content falls shexply (11B1-2) » acidity is greater amd
sandiness incremses. Probably, the extent of foothill pediment
soils is .very festricted where extensive lowlands are present and
it is only in inter-upland lowland tracts such as the Orichinge and
¥yabubare Valleys or the valleys among the Sanga Hills, that these
80118 are prevalent, A similar case is presented by the Nyabushozi
Catena which im stated to be differentiated primarily in order to
introduce the shallow soils on the laterite sheets of upland crests.
In other respects these s0ils resemble closely, in low base content

and acidity, other mid-lowland soils and do not include any parallel

-




of the foothill pediment soils since erosion of the crest laterites

does not contribute any sdditional bases.

Considerations of genetic classification

Chensry in his introduction to the Soil Survey of Ugania (1960)
attempted a genetic classification of the series defined in the
survey, according to both the Belgian and Charter's systems, Of the
series mentioned above he includes all except the Isingiro Cstena
enong the Ferralsols: the Bugambe, Mbarara and ths "Rea" Koki
soils ere classed as orthotype ferralsols according to Sys, or as red
ferralsols on undifferentiated rock, according to D'Hoore; the
llawogola and the Brown Koki Soils are classed as Tropical Brown
Intergrade and the Myabushogzi soils, as Regoferal Intergrade, A1l
the latter three series are classed as Yyellow-brown ferralsols on
undifferentiated rocks, in D'Hoore's system. The ferralsols correspond,
Gecording to Chenery, to Charter's Savanna Ochrosols. The Tsingiro
80ils (as are Redwanski's Tolero Series) are classed as Lithosols
(D'Hoore), recent tropicel soils (Sys) or lithopeds (Charter), The
Bukaras soila (of aggreded valley floors) are given a special high
category within these systems, due to the high content of
dioctahedral mica in their clay fraction. ‘They are designated as
Yicasols and related to Sys's humic hygro-xero-kaolisols and to
Charter's latosols.

The predominance of kaolinite in the clay fraction of all
fnalysed soils, undoubtedly places all the well~drained soils of
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relstively level sites in the kaolisol order, even if no evidence

of the subsidiary criterion of free-oxide content is available,

These are typicelly tropical soils whose kasolinitic weathering is
conditioned by the prevalence of climetic circunstances over other
factors and can be classed, on this general definition with Charter's
Climatophytic (#"Zonel") scils. Greater difficulties, however, attend
concurrence with Chenery*s classification on the sub-order level, On
the general climatic criterion of present anmal rainfall the soils
of the area could be claasified as ferralsols only if they are
agsuned to represent reworked and redistributed soils formed umder
different climatic conditions,. Otherwise, a rainfall of less than
1000un p.e. in the whole of the area (except a very limited part

in the northwestern cormer) and of less than 900ma in most of it,
wuld indicate the prevalence of fersiallitic (ferruginous tropical)
soils, or at the most ferrisols. However, mineral and chemical
properties indicate that the soils belong to more than one of these
three suborders or great family groups,

It appears that a distinction should be made between the
nineralogical and chemical evidence whosze implications as diagnostic
Properties, seem contradictory. Mineralogdéal. evidence points to a
gensral apprecisble reserve of weatherable minerals, exceeding 25%
of the average mineral content of all soils, As observed, this reserve
increases with decrease of surface elevation. This property is

Pemalleled by the weathersble mineral content of the sand fraction

¥hich exceeds the diagnostic limit of 10% only in the mid-lowland soils,

>
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The proportion of kaolinite in the clay fraction exceeds 50% in all

Keolisols (except for one very specifically sited upland profile vhere

TR it exceeds 40% - see 1B3). Mineralogical evidence, consequently,
tends to support the inclusion of lowland soils in the fersiallitic

T c or ferrisolic great family group and those of the upland within the
ferrallitic group of within a ferrsllitic intergrade of the ferrisols.

However, as observed, mineralogical evidence from mid-lowland soils is

regarded here as insufficient and probably unrepresentative and more

weight should be assigned to chemical and morphological evidence,
Silt/clay ratio in averages of goil types, including those

of the Soil Survey, exceed 0.15 and, thus according to Sys's criteria,

excludes their definition es ferralsols. It should be noted, however,

that according to Harrop's data (1960), the mid-lowland soils of the

Hysbushozi and Mawogols Catenas show an average ratio of 0,23 and

soue of the profiles show ratios below 0.15. If D'Hoore's diagnostic
linit of € 0.25 is accepted then mid-lowland soils must be classified
a8 ferralsols. Data of chemical analysis corroborate such a definition.
Eerrop's data on the exchange capacity of mid-lowland soils cammot

be applied to D'Hoore's criteria since they do not show a separate
exchange capacity of the clay-fraction, Datu from anelyses of the
Present work, however, show that the exchange capacity of mid~lowland
s0ils is very close (21%) to D'Hoore's diagnostic limit for ferrallitic

s0ils (207), Base-saturntion velues are below the limit for

ferrallitic soils (400) according to both sources,

o




If, then, the tex:xtative mineralogical evidence is added to the
chemicel one, there is a strong case for Chenery's classification
of the Mawogola Catena as a ferralsol tropical brown intergrade |
according to Sys's system ani as a yellow-brown ferralsol according to
D'Hoore's system. It iz doubtful, however, if the Nyabushozi Catena
can be seperated from this unit as a rego-ferral intergrade since there
is no-evidence of the diagnostic feature of a very leached lgyer ‘at
10-40%, with less then 20% clay.

There is, of course, a tremd towerds a downwerd increase of clay
proportion, and in one profils it is as low as 21% in the upper
sw~topsoil, but there is no sharp lower limit to the Lenched layer
and the trend as such is common to most soils in the area including
those defined in Mawogols Catens. Consequently;, it appears that
chemical aimilarities between the two groups are more significant
than morphological differences and the soils should be united in
the ferrallitic tropical browm intergrade,

The Mberera-type foothill pediment soils are more difficult to
defins according to those criteria. Mineralogical data indicate less
tan 10% of weatherable minerals in the sand fraction but silt/clay
ratio much exceeds 0,15 sccording to data from both sources. Exchange
cepacity of the clay fraction is 24% which is close to but sbove the
linit for ferralsols, Base-saturation at 41% in the B-horizon and
2% in'the A-horizon is close %o or below the ferralsol limit (LOF)
dccording to the data of the present work, but much exceeds it accoxding

R




. to Harrop's data (approximately 60%). The nature of horizon-sequence

: and chemistry in the profile suggests that contrary to mid-lowland soils,
this soil=type may be still undergoing pedogenesia (increase of base
content and pH value in the lowest horizon) and that it is affected by
importation of materinl from the adjacent slope. In view of all these

facts the classification of this soil-{ype will depend on the

importance attached to different properties. This is largely, as

is the case in all genetic clessifications, a mitter for subjective
Judgement

It appears clear that the soil is close in properties to ferralsols ,
and it is the high silt/clay ratio, the indication of active pedogenesis and
Harrop's evidence of high base seturetion that prevent its definition as
such, It is also clear that these soils cannot be classified as
fersigllitic due to very low weatherable mineral reserve in the sand
fraction, the low exchange capacity of the clay fraction and the
evidence produced here of base saturation values lower than 50%.
The definition of ferrisol, however, appears to £it the properties of
the 80il on all counts a;cconi:i;ng Both to D'Hoore and Sys's systems,
if the qualifications of this definition are kept in mind. Thus,
according to these systems, to define a soil as a ferrisol it is not
fecessary that a high silt/clay ratio will be associated with a high

reserve of weatherable minerals in the sand fction or with a

B-structural horizon with distinct cley-skins. It is only necessary

that it shoulg be associated with a base saturetidn value of 40-50%,

N>




272

a clay-fraction exchange capacity of over 15 m.e 100 gr. and a state
of pedogenesis that is more active than in ferralsols but retarded
compared with that of fersiallitic soils. A corollayy of the
relatively low base-saturetion are the relatively low pH values

vhich are intermediate between those of the same horizons in

ferralsols and fersiallitic soils, In the case of active pedogenesis
this value may rise ebruptly in the C-horizon, Tt appears to the writer
that this combination of properties is more significant than Harrop's
data on high base saturation which are not correlated with high pH velues,
It seems possible that the degree of saturation in his sample~profile
should be attributed to accretion of materisl from the adjacent slopes
as is alsoc indicated by the morphology and chemistry of his profiles
horizon-sequence, Therefore, both data sources do not indicate that
the foothill-pediment soils are true ferrelgols as Chenery maintains,
hocording to Sys's system they may fall within the definition of a
ferrisol-intergrade approaching fersiallitic soils,

If similar considerations are attached to upland-crest soils a
very sharp division will emerge between the mature s0ils of the
Bwasprare Surface and those of the Gayaza. The divergence of
zineralogical and chemical evidence appears to be greater in the uplend
boils than in the lowlend. On both surfaces the sand fraction contains no
resarve of weathersble minerals, yet, on both of them silt/clay ratio

exceeds the limit of 0.15, averaging 0.25 according to Harrop's data

and 0,31 according to the present data. At the same time, clay-fraction




exchange-capacity exceeds the limit of 25%, averaging 36%. On
the Rwampara Swfece these values are lower, averaging 0,18 for

gilt/clay retio and 32% for clay-fraction exchange capacity. Taken
separately the Gayaze Surface soils show respective values of 0.40

(0.25 according to Hurrop) amd 39%. In any case, all these values

fail o corroborate the implications of the ferrgllitic nature imparted
by the sbsence of weatherable minerals in the sand fraction.

While, as observed, the trends shown by chemical date of both

sources are similar, they differ very significantly in relation to
disgnostic criterim. Base saturation in the 25=35" horizon of the

Gayaza Surface soils averages 78%, according to Harrop, and only 38%
according to the present data. Harrop's date corroborate the other
cherics) and mechanical properties in defining the soils as non-ferralsols
while the present date fail to do so by a narrow margin. fThis
contradictory evidence on diegnostic properties makes it necessaxry to
consider other features which were not defined in the Belgisn systems as
diagnostic,

The nature of the sites which characterize these soils should

be kept in mind, Al are situated on crests, usually on crest slopes
and are, consequently, subject both to alternate excessive leaching and
drying and to some accretion of materials from upslope., At the same time
they reveal definite evidence of active pedogenesis by the consistent
increase of both rH end base saturation values in the lowest horizons

of the profiles, The puch greater saturation values shown by Harrop's

data are due botn to higher base and lower clay content. But Harrop's




data are, in fact, derived from two profiles of which the one, as
remarked, 1s sited at the foot of a considerable slope and the other

Sl represents a relatively shallow, early stage in the development of the

A t crest soils, OConsequently, both may have a higher base content and

& lower clay conternt than should be expected from the average creat soil,

On the other hand, the data gathered in the present work represent
widely different aites and circumstances, from a hollow in the crest
where base saturation is more than 70% and clay content - less than 305

to soil at the top edge of an open-jointed quartzite scarp, where bese
saturetion in the same horizon is 11%, and clay content is over 50%.
In either case the number of sampies is too small to be representative
but it would appear from the consideration of the sites, which were

chosen during the present study to represent variety, that would the

choice have been random, the average characteristic soil profile

e T T TR

representing most of the s0il area nhuuld have been richer in bazes

end poorer in clay than the averege of the sempled profiles, It
sppears, therefore, to the writer that a mean velue betwsen Harrop's
and the present date's base-saturation values is more representative

then oth, Such & mean of 58% base saturation is more in accord with

Zgen

Gl G B3 the high silt/clay ratio amd clay fraction exchange capacity and places
the Gayaza Surface crest soils within the definition of Persiallitic

solls, according to the chemical and morphological criteria,

As to the mineral evidence which appears to contradict such a

definition it wms already observéd that the mineral composition of




soils is representative of the mature of the parent rock especially
vhere the soils are in a state of very active pedogenesis and relatively
young. It would do well to remember that the samples analyzed for
ninerals were taken from soils developed upon highly metamorphosed
rocks, of very high resistance to weathering, It is s petrographic
'chamcteristic of such rocks that by the far greatest part of their
weathereble mineral constituents are very fine grained and relatively
resistant (muscovite, sericite, etc.) while whatever small

quantity of coarse weatherable minersls that may be included consists
of relatively incompetent ones (feldspars etc.). It is reasonsble

to expect that the coarse fraction of the soils developed on such rocks,
will conaist entirely of very resistant minermls (qmrtz, ilmenite,
zircon etc,) and perhaps e small proportion of weatherable minerals
already altered to the very resistant secondary ksolinite. It appears,
therefore, that mineralogical criteria for classification of soils must
be aﬂ;mated to the nature of the parent-rock and cannot be applied in
L Eenem fashion, especially where soils are in state of active
Pedogenesis and on freely leached sites. On highly metamorphosed
aedinaptu'igs the reserve of weathereble minerals in the sand fraction
cannot constitute a relisble exdterion anmi furthermore, the general
Teserve. af such minerals should be assesaed on a different basis then
that of soils on incompetent plutonicse

. Binidar considerations apply also to the Rwazpaxa Surface soil
“hiich is distinguished by higher clay content and general exchange

capecity. . There is no doubt, however, that while their general reserve




of weatherable minerals is not much smaller than that of the Goyaza

Surface soils the Rwampara Surface soils are much more leached and acid,

k and except for a silt/clay ratio somewhat higher than the limit for

ferralsols they fit into this category better than any other uplani
soil. It even appears that their gtate of pedogenesis is more

retarded than that of the Gayaza Swface soils. However, the single

sample-profile of these soils is certainly insufficient for
generalizations especially with the specific site corditions that are :
involved. The relatively high elevation and the possible greater efficieﬂcy L

of precipitation combined with the rapid drying out which is

characteristic of 211 narrow crest sites, perhaps contributed to the
greater leaching and acidity and the elimination of evidence ofactivek
pedogenesin,

Retarded mineralization of organic matter due to both lower
temperature and rapid drying will probably enhance these features,
I the site is situated, as implied by altitude, above the limit of the

subtropical montane zone (Snowden, 1953) the nature of the soils may
indicate an intergrade between the Gayaza Surface type of soils and
montane soils of the humid subtropical type. The possibility that the
rroperties of the soil derive from greater age compared to that of the

Gayaza Surface and rnot from different environmental conditions appears

to be mitigated by the mature of & yourger soil on the Rwampars Surface
exeuplified in Harrop's Bugamba profile (1960, append, p.9) which shows

"

the same tremy towards very low base content and saturation and very

strong acidity, In view of the high organic Carbon content (> 4%)




in the topsoil, the closest definition +hat applies to the nature
Rwampara soils appears to be that of humic Kaolisols. In the Soil
Survey's scheme of classification they seem to approach the typs of
soils found on the lower crests of the Kigezi Mountains and defined
a8 members of Kabole Catens.

Another group of Ksolisols present in the area corresponds very
closely to Bedwanski's Kold Catena (1960). No semples of theme soils
were taken in the present study, but a comparison of field cheracteristics
showed that Redwanski's profiles and the soils found in Western Koki
are essentially the same except that in the "Brown® (mid~slope) member
of the Catena appears to be dominant and the "yellow" (low-slope)
nember - is relatively limited in area. The taxonomic position of the
Catena is, consequently, determined according to Redwanski's data
(ibid, appendix pp. 2-3). In contrast o the lowlands to the west,
where the foothill pediments are long and gently sloping, the pediments
in Koki are relatively short and sieep, especially in their upper parts.
loreover, the slopes of the upland at their back are much lowsr.

These peculiarities bave, apparently, & very fundamental effect 01-1 the
nature of the pediment moils., Accretion of material from the slopes is
snaller, the soils are more intensively leached anl the more clearly
differentiated in a catenary sequence determined by differentinl freedom
of internal dreinage, They are consequently poorer in base-content,
thelr base~saturation is lower and their reaction more acid, These

dagnostic properties place all the three members within the ferralsols

8s orthotype (Kold "Red" amd "Yellow") or as intergrade approaching




ferrisols (Koki "Brown"). However, they are certainly different
ferralsols than those found in mid-lowland areas. They are developed on
fresh rock and mot on pre-weathered material and they ars, apparently,
still in a state of active pedogenesis at least the lower members of the
Catena. It would appear, thexefore, *Lat pending the evailability

of additionsl relisble data, their definition as ferralsols must be
qualified. These are not old resorted soils retaining properties of
former environments. Their ferrallitic nature is derived from specific

geoporphic conditions and does not express the climatic environment,




A scheme of so0il classification
& Soache DF Sol- ooassiiicavion

In view of the considerations outlined in the previous sections

the soils of the study-area lend themselves to the following

classification, (Map 8 ).

I. Lithosols

1. Tolero Series* (T1)

Shallow (2-20%) black to dark brown humose loams over

disintegrating metasedimentary or sedimentary rocks of the Karagwe~

Ankolean System. Profile - not differentiated or weakly differentinted,

Usually includes relic laterite gravel and occasionally a secondary

ferruginous crust on rock~rubble.

Occur on level crests of the residual upland, at 4400-5600"

8,8.1e and under 30-45% P.a. rainfall. Drainage of the profile is

usually free, occasionally slow on the central parts of crests of larger

Tesiduals. In these cases the soil approaches Recent Tropical Soila,

Exchange capacity and base saturation are high: respectively

20-30 m.e. % amd 3 50%, Reaction is slightly acid to neutral*s,

Texture-dependent on parent material: sandy loams over aremaceous
rocks (sand--50-70%); loams to clay loans (sand~~30-50%) on

argillacesus rocks of various petagorphic grades. Silt/clay ratio

alwnys exceeds 0.20. Organic carbon content exceeds 4.

* For all noteg - see end of section,




Ze Senge Series (Se)
Seallow to nofermtely shellow (10-20%) dark hrown bhuzose
serdy To saxdy clay loems over thick laterits sheets. Trofile - not

differentinted or weakly gifferentiated.

Gecur on flat remmants of massive laterite, at 4400-3500" a,s.1.
and wder 30-45" p.a. minfall, Drainage is usually free,
Erchange capacity is very low: 10-15 m.e S in the upper

horizons and <10 m.e.% in the lower borizon; tut bese satummiion is
high (X 50%). Reaction is nedimm to slightly acid. Silt/clay ratio

exceeds 0.20. Organic Cerbon comtent is less than -

3a  Kateti Series (Kt)
Very shallow ( < 10") black to dark brown humose sandy loems

over quartzites end phyllites,
Occur on narrow sloping crests and moderate to steep slopes,
at nost elevations and under all rainfall conditions of the avea,

s

Dreinage is excessive. Some deep pockets occur between boulders of
outcrops where moisture retention is good,
Low exchange capacity (€ 15 m.e.®) and base saturation

£ s 3

(< 20%) and very strongly acia reaction. 8ilt/clay: € 0,20, but samd
fraction iz £0-80%,

IX. Recent Tropical Soils
4s Bugemba Series (Bu)

Shallow to moderately shallow (10-20") dark to reddish-brown

sandy or silty loams with a bleck to dark-brown humose topsoil over

Lo




quartzite and phyllites. Weakly differentiated or A-C profiles,

Ususlly includes relic laterite gravel,

Occurs on level or convex, usually narrow creats or edges
of broed ridges, at 5500~5900 a.s.l. ani under > 35" peas rainfall,
Drainage of the profile is usually free to somewhat sxcessive,

Low cation exchange capacity (< 15 m.e.%) and very low bage
saturation (< 20%). Very strongly acid. 8ilt/clay: > 0420, and sand
fraction varies according to parent materigl: 30-70f5. Organic Carbon:
> 1t

5. Isingiro Series (Is)

Shallow to moderately deep (10-14") black to dark brown
end reddish~brown, humose sandy to clay loams, over arenaceous rocks
of various metamorphic grades and argillaceous contamination, Profile
represents various phases of development from skeletal to A-C ard -
weakly A-B-C. Includes relic laterite gravel anmd incipient to moderately
developed lateritic horizon.

Occur on level to convex crests of narrow to moderately broad
ridges at 4700-5200' a.s.1, and unier 25-30" p.a. rainfall, Drainage
is usually free or moderate in mid-broad crests, where soils approach
fersigllitic 80ilg,

Exchange capacity is moderate to high (10-30 m.e.%) and base
saturation 1s high (> 50%). Slightly acid, Silt/clay: > 0,20,

Sard fraction content verying: 50-80%. Organic Carbon: » 2%,




IIT. Kaolisols
A. Fersiallitic (tropical ferruginous) soils
6. Rugegs Series (Ru)

¥oderately deep (3.5 £t.) reddish~brown clay loems over
argillaceous and arenaceous rocks. A-C and A-B-C horizon profiles,
Include relic laterite gravel. Lateritic horizon, from incipient to
well-developed, is occasionally present. Current or subrecent laterite
outerops are occasional on crest periphery.

Occur on level to convex crests of broad ridges, at
5000-5600* a.8.le and under 25-40" p,a. reinfall, Dreinage is moderate
to slows

High exchange capacity (20~30 me.%) and base saturation
(> 50%). Neutrel reaction. Silt/clay: D 0,20; Sand fraction: 30-L0%,
Organic Carbon: > 3. A

Posgibly related and intergraded with the Isingiro Series,

B, PFerrisols

7. Mbarare® Series (Mb)

Hoderately deep to deep (> 3 ft.) reddish brown over
yellowish red losms and sandy loams » over mica~schists and medium end
fine-grained granites. A-C and A-Bs-C horizon profiles, Occasional
vell-developed lateritic horizons of current and subrecent leterization
outeropping along incised drainage lines,

Occur on gently sloping foothill pediments or, in a

Bodified form, on interfluves of small arenas, at 4000-46000' a.s.le




and under ell rainfall conditions within the area. Drainage is slow
ard a catenary sequence is not @ifferentiated except in overlying -
depogitional fans at gully mouths.

Exchsnge capacity is moderate (10-20 m.e.%) and so is base
saturation (40-50%), but reaction is medium to strongly acid in the
sub~topsoil borizons. Silt/elay: 3 0.20; sard fraction: 30-508%;
Organic Carbon: 1-2%,

Due to an absence of clay-skins in the Bs horizon and the
relatively high reserve of weatherable minerals in the sand fractions,
the series probebly represeﬁ'bs an integrede approaching fersiallitic
soils,

Ce. Ferralsols
8, Mawogola®* Catena (Ma)

A catenary sequence of soil series on mid-lowland
interfluves ander the whole range of annual rainfall within the avea.
Developed mostly on preweathered, resorted and reworked material
derived from coarse-grained granitoids. - Appreciable content of
weatherable minerals in the send frection of some associates may

indicate an intgrade approaching tropical brown soils,

ae "Tor-base" Series
Moderately shallow to moderately deep (1-4 £t.) dark
brown to redaish-brown sandy and gritty loams. Oscur near bese of

"or" outcrops at 4300-4600' s.s.le A=C profiles; laterizstion ebsent.

Drainsge free to moderats. Exchange capacity - very low ( € 10 m.e.%)




end base saturation high (3> 50%) while resction is mediun to strongly
acide Silt/clay: 70.20; Sand fraction: 50-70%; Organic Garbon: 1=2%,

b. "Crest® Series

Moderately shallow to noderately deep (1-3 £4.) dark
brom reddish-brown to rcddish-brown sandy and gravelly loams, A-C
profiles and stone-lines. Laterization absent. Occur on eroded
interfluve crests end crest slopes at 430045001 un.s.1, Drainage is
sonewhat excessive,

Exchange cepacity and base-saturation are very low

(<10 n.eu®; < 20%) and remction very strongly acid. Silt/elay: ¢ 0.20;
Serd frection: 30-60f%; Organic Carbon: < 1%

Ce "Hediim" Series
' Deep (> 4 ft.)’ derk reddish-brown over yellowish-red

sandy loams and loams with an A-C horizon profile and stonelines,
Laterization is absent or slight. Occur on level, broad interfliuve
crests or on gentle interfluve slopes at 42004400 £t. Be8ele Drainage
is somewhat excessive,

Exchange capacity and base saturation are low
(<15 D.e.%; < 40%) and resction very strongly acid. Silt/clay:< 0.20;
sand 50-80%; Brganic Carbon : ¢ 1%

d. "Hillymsh"* Series

Deep (> 4 £t.) dark brown over yellow loamy sand and

8end with an A-G hortzon profile and stonelines, Laterization is absent,
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is somewhat excessive,

Exchange capacity and base saturation sre low (< 20 m.e.%-

< LOF) and reaction is strongly to medium acid, 8ilt/clay: < 0.15;
sand: 80-95%; organic Carbon: < 1%,

9. EKoki Catena* (Ki)

4 catenary segquemce on narrow ateep pediments undexr
35-40" pems rainfall. Developed on mediwm and low-grade phyllites,
sheles and mudstones, partly preweathered. Due to high silf/clay ratio
and high base saturation in some of the associates, the soils may

represent an intergrade approaching ferrisols.

Deep ( > 4 £t.) yellowish red clays with an A=B+C
horizon profile., Laterization very slight or absent. Occur on upper,
steeper pediment slopes at 4400-4700 £, 8.8.1. Drainage free to
noderate,

Exchange capacity and base saturetion very low
(€ 10 mef; < 207%) end reaction strongly to medium acid. Silt/clay:
£0.,20; sand: 30-50%; organic Carpon: 1-2%,

b. "Brown"* Series

Hoderately deep to deep (> 3 £t.) brown to yellow-brown

8ilty clays with an A-C or weakly A-B-C horizon profile; laterization

T
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is sbsent. Occur on middle, gentler, pediment slopes, at 44,00-4700 £+,
a,3.1¢ Drainage is moderate to slow,

Exchange capacity is low ( < 15 m.e.%) but base
saturation is moderate ( > 40%). Reaction is strongly to medium acid.

Silt/clay: 0420; sand: 50-60%; organic Carbon: 2=3%4

ce "Yellow"* Series

Moderately shallow to moderately deep (2-1 £t.), pale~
yellow silty clays with ean A-C or weekly differentiated A-B-C
horizon profiles. ILaterization - very slight or absent. Occur on lower
pédiment slopes at 4000-4400 £t, Bes.le Drainsge is moderate to slow,.
Exchange cepacity and base saturation are low
(<€ 15 m,e%; < 40P) and reaction - very strongly acid. Sily/clay and

sand: not determined; organic Carbon: 1-2%,

IOI. Humic Kaolisols

e ey

10. Bwempera Series (Bw)

Hoderately shallow to moderately deep (2-4 ft.) dark
brown to dark reddish-brown hugus silty cleys and clays over phyllites
and quartzites. A~C or A-Bt~C horizon profiles. Relic laterite gravel;

occur on level or convex crests on moderately broad ridges at 5600-5900 ft.

8+8.1, and under 235" peae rainfall, Drainage is free to moderate,

High exchange capacity (20-30 m.e.%) but low base
saturation { < 15%) and very strongly acid, Silt/clay: 0.15-0,20;

send: 10-30%; organic Jarbonm: > 5% .
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IV, Micasols¥** or hydromorphic alluvial soils
1. Bukere* Series (Bu)

Yoderately deep tq deep (> 3 Pt.) black sandy clay loams

over dark-grey clays, developed on fluvial and lacustrine alluvium.

B e U o . N
B e e e b e A —

Weakly A-C horizon profiles.
Occur on flat velley-floors, at 4000-4300 ft. [0 7% I
urder the whole range of anmual reinfall within the area. Seasonally
water-logged to slow draining. _
C.E.C. moderate to high (10-50 m.e.%) and base satummtion

very high (50~100%) » but very strongly to strongly acid; except in

shallow phases where lowest horizon may be only slightly acid,
Silt/clay: 0.15 - 0.55; sand: 45-75%; organic i > 4%,

* DNomenclature retained from Soil Survey of Ugenda (Hﬂn‘op, Radwansky,

1960),
e e Lol i terminology according ‘o USDA:
. Extremely acid below 4.5 Slightly acid 61645
Very strongly acid  4.5-5.0 Neutral 5-5-7-3
Strongly acia 541545 Nildly skaline 74-7.8
Mediuvm acid 5.6-6.0 Hoderately alkaline 7.9-8.4
*** 4 definition introduced by Chenery (1960) who maintains thet the very

high proportion of dioctehedral mica in the clay fraction of these
and other (Nterdule amd Kabira Series) Uganda soils necessitates
their definition in e new Great Group category.

A1 aata except Organic Carbon content represent sub-soil horizons.
Orgenic Carbon content represents topsoil alone,




Scil Relationships

Soil ~ laterite relationships

The significamce of the differentiation between laterite and a
lateritic horizon in relation to soils appears obvious. It was observed
in the previous sections that current or subrecent lateritic horizoms,
still integrated within their original soil profile, are relatively
infrequentby within the study-area and are confined mainly %o two
types of soils--crest soils and foothill pediment soils. In both these
types, lateritic accumulation appears to be largely absolute, through
obligque leaching and on the pediments it is also largely secondary with
the derivation of the lateritic materials being mainly in the adjoining
upland, Even on these sites lateritic horizons are by no means
frequent and appear to be associated both with the proximity of an
extraneous source end with late geomorphic~pedogenetic development.

Vhere soils have developed on pre-weathered material, already
well=leached of lateritic materials, laterization is slight and scaxce,
@8 in lowland developed at an earlier stage.

It is wot, however, the earth~like lateritic horizons buried under
relatively recent soils that pose the main problem of soil-laterite

relationships, but the hard laterite sheets and crusts, entirely




transformed in morphologicel character after being stripped of the
original soil cover. Little is known of the role of hard laterite ag
a parent material in pedogenesis. What is Ynown of the nature of hard
laterite and its chemical and minepalogical composition suggests that
reverssl of hardening and pedogenesis on thick laterites would result
in & 801l composed mainly of alumosilicate clay, iron compounls ani
"gh&z, and devoid of any weatherable primery or secondary minersls
except, possibly, in a very small smount representing relic minerals
or sofl gels formerly encepsulated within drom-concretions in the
h‘b'rite. Preswmably, in time such a moil nay become more or less
differentiated into horizons by a dowmwmrd migration, undor suitabls
" conditions, of the more mobile compounds, although the probable compact
clwtexture of such a 80il makes it doubtful if the process will be

' Kawvér, the reversal of hardening and soil formation from hard

éc:l‘bo are usually associated with the encroachment of vegetation and
izfeupoaition of its litter, which constitutes a significant sowrce

ses and nutrients. Conceivably, a specific successionsl sere may
‘about the gradwal improvement of soil conditions at least in the

¥ horizons and result in a stable mubritional cyele, of the type

in the highly leached reinforest soils. In such a case, it would
Temsonsble to expect that the sub~topsoil horizons will be still
Mzilar $n chemicel and mineral composition to the laterite. Reduction
a crelation by organic matter will be confined rainly to ths humic upper

Eorizoms ara at any event would result in & downward gradient of decreasing

3
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base saturation and pH values. Also no Primary or partially weathered
ninerals can be expected in such a theoretical 8oil,
Of the 138 catenas, series and complexes defined. in the.Soil

Survey of Uganda (Chenery, 1960) » only 3 are specifically stated o have
laterite residues or sheet ironstone a8 parent material. In one of

these~-the Nzia Series from Buganda--the moil is skeletal ani very thin
differing from skeletal soils on bare bedrock in being more clayey and of
reddiéh—bmm colour. The other two units are the Rugaga Series which -
bas been discussed above and the crest member of the Ryabushozi Catena,
In both cases, fairly deep (over 3 £t,) soils are stated to exist upon
sheet ironstone, both profiles showing a downward increase in base
saturatiogz and pH values amd a relatively high base-content in the
subgoil (over 6 m.e.% in the Nyabushozi s0il end over 12 m.e,% in the
Rugagn s0il). In fact, in the three criterie, these soils, aml
especial],y‘ the Bugaga soils, exceed the veluss shown by most other units
of kaolisols, Furthermore, in both cases it is stated by Harrop

(1960) who Gefined these units, that no satisfactory explamation has
been found for their peculiar nature in relation to the underlying
aagsive laterite.

Of other relatively recent work dealing with soil-laterite relations

AnAfrica, those of Maignien (1958) and Alexanier and Cedy (1962) in
Weat Africe appear to be the most authoritative. Both recognize that
hardening of laterite can be reversed into 80il formation and bring
Several examples of soils developed on hard laterite. Maignien confines

hingelf to descriptions of the profiles which are never deeper than




spproximately 30 cm. and include a relatively large proportion of
isolated laterite blocks. Alexander and Cady present as many as eight
samples of such soils with profileswrying in depth froz 10 to 60 ca.,
i.es~= none over 2 £t, deep. Only four profiles of those ovérlying
hard laterite (and not leterized rock waste) were analyzed for
exchangesble cations and only in three of these was exchange capecity
deternined. In all four, base content does not exceed 6.1 Mmeef
(ibid. pesB) and in three—1.1 mie.% (ibid. pp. 26, 10).  Base
saturation in the three profiles does not exceed 20% and is 5-6% in two
of the profiles, Reaction in the sub-topsoil horizons does not exceed
I 54 and clay-mineral analyses of these show only secondary and primary
resistant minerals containing no bases., The conclusion reached by the
authors in view of these facts is, as already observed, that for a
laterits crust to break up and develop into soil, "it seems that some
overlay or additional material that can supply nutrients and hold water
for vegetation is almost essentinl,® (ibid. p. 12.)

There are, consequently, three possible explamations to account
for the bass-rich, saturated and neutral or only slightly acid soils
of the Rugega Series ami the Nyabushozi "crest" type. If it is maintained
et laterite constitutes the rarent materials of these soils, one
Possibility of explaining the nature of the soils is in assuming that
tuis parent materinl contained relatively large amounta of encapsulated
weatherable minerals, Thers seems to exist no evidence of such amcunts

either in the laterite sanples from the area (see Table 7 ; p.200) or

8% examples listed in the literature. Content of elkalies in 19 samples
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of hard laterite analysed by Alexanier and Cady (1962) ranged between
0.22 and 1,257, averaging 0.36%, Six semples anslysed by Maignien (1958)
show & range of 0428 - 0,88%, averaging 0.5%, It seezs, therefore,
highly unlikely that the exchangeable bases in the soils derived from

the laterite itself. Ths2 only other answer is & possible accretion of

extraneous material.

e Accretion of material rich in bases ney come from two sourcese-a
Ve higher adjacent weathering surface or a proximate centre of volcanic
Poniii activity., The location of the type-profile of the Nyabushozi soil
precludes the first possibility since the nearest weathering slope of a
" higher surface is situated approximately 15 miles away with extensive
tracts of lowland intervening., It was already observed that the
Rugaga type~profile is, on the contrary, located at the foot of such
» slopo amd it was argued that its high base-conbent and ssturation
zay be assigned to this fact. However, the nearest profile examined
in the present study, and located on the highest crest of the hillmass,
alﬂmzm rot as rich in beses and as saturated, still shows the highest
base content and seturetion than any other soils in the area. The
nearest higher slope is 5 miles amy. Consequently while accretion
of extraneous material into the Rugaga type profile is probable, it
does not signify that it enriched an intrinsically poor soil profile,

The invocation of accretion by voleanic ash presupposes a gradual
increase of accretionary materiel in the direction of the centre of

volcanie activity. The closest volcanic centres that can be related to

the study ares are the Bufumbira volcanoes, 30-100 miles to the




soutbwest, on the Rwanda-Congo border, and the Kicwamba area 50=70 miles
to the northwest, in northwestern Ankole. It is sufficient to indicate
that while the soils derived from the volcanic rocks in thege soils have
(at a depth of 25-30") an average base content of 18 meed (3.8-29.2),

a meen saturation of 76% {25-100), and a mean pH valus Qf 6.8, the
uplend soils derived from adjacent Precambrien rocks show respective
average values of: 0409 (0.0-0.20), 1.4 (0.0-3.3) and 4.5 (5.1-5.1).
Lowland soils intervening between the study area and both volcanic
centres show higher mean values, especially where rainfall is relatively
low but they do not compare with the higher mean velues of upland crest
soils of the Rugaga type. Thus, even considering that the data are
supplied by very few samples, there appears to be no evidence of
accretion of volcanic materials between the study-ares and the volcanic
centres, although volcanic activity in these centres is comparatively
recent (Coube, 1933; Holmes and Rarwood, 1937; Holmes, 192, 1942, 1950,
1952),

It was suggested above that for the Rugsga-type soila the solution
of the problem appears to rest in en erroneous impression of the
ﬂistrl'bﬁtion and nature of laterite on the surface carrying these soils.
That, in fact, the soils did not derive from a massive sheet of laterite but
from the underlying rock subsequent to the stripping of the sheet. As to
the Nyabushozi-type soils, no similar solution can be offered, The
"rifer has not been able to observe the site of the type-profile for

thet 801l and in all cases of massive laterite which have been observed

in the area, soil cover was scant and the soil itself plainly skeletal,
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However, the description of the type-profile (Harrop, 1960, p. 55)

does not specifically state that it overlies massive laterite, The
soil is described generally as shallow, dark~humose loam overlying
laterite rubble, vhich in the description of the profile is asserted +to
represent disintegrating laterite. This may mean that the rubble
represents only residues of an eroded sheet. The soil-type is similar
to recent séils derived from bedrock, and the high bese and phosphorous
content may be sssigned, as in those soils, to high content of orgenic
matter and excessive drainage causing prolonged dessication during

each year,

These arguments, envisaging the soil as derived from recently
exposed fresh rock subseguent to the stripping of the massive laterite
sheet, do not explain several phenomena: swh as the concentration
of laterite rubble in the lowest horizon and the apparent absence of a
"pellid zone" ugually present under massive laterite on incompetent rocks.
Ooxmeémnfly, in regards to this soil~type, the writer agrees with
Harrop's statement that “no satisfactory explanation can be given that
might apply generally" (ibid.) concerning the tendency for hill-crest
80ils to be richer in bases and phosphorous,
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The geomo.

Soil-Burface correlations ‘a generalization)

The evidence of soil distribution and the genetic implications

ic relationships of soils

of soil properties as presented in the previous sections can be
generalized in the following points:~

1s  In general, soil characteristics are correlated with contemporary
infensity of geomorphic processes rather than with the postulated
relative age of the sushce. Soils in an initial or active state of
pedoéenesis are associated, therefore, with landforms connected with
strong dissection, resistant lithology, and a generelly youthful laniscape
while 8oils in a retarded or halted state of pedogenesis are associated
vith & mature landscepe in which geomorphic processes have decelerated,
In the circumstances of the geologicel pattern of the area, vhere
incompetent 1ithology is, as a rule, disposed low down the
stratigraphical column, such a éomlation is clearly umrelated to the
time factor. A late erosion surface, cut across the incompetent lithology
nay attain maturity, deceleration of geomorphic processes and retardation
of pedogenesis before an eaxlier surface of resistant lithology has

Passed the youthful slege. Thus, properties and distribution of soils




in the srea reflect the degree of stability imposed by the geomorphic

ratlo of waste production to waste removal. Where rate of weathering

exceeds the rate of erosion, soils will be sedentary and their present

character will reflect the length of +time since they attained stability,.

ot

Where reverse conditions prevail, soils will be unstable and their Ppresent

character will reflect the balance of erosion over Ppedogenesis.

2. The exceptions to this rule concerm the intervention of two
factors. Climatic altitudinal zonation induced by uplift appears to
have resulted in at least one pedological boundary situated roughly in
the interval between 5600 and 5700% a.s.l. No doubt influence of

elevation upon the nature of soils is enhenced in the particular case by a

greater amount of rainfall amd where this amount is lower the altitudinal

transition will occur at ah higher elevation. Above this limit, soil

properties are modified by greater efficiency of moisture supply amd a
retarded decomposition of orgenic -matter resulting in greater intensity
of leaching and stronger acidity of the medium. Probably the altitudinal
transition is gradual and leached acid soils appear in particular sites
also at e lower elevation. Certain topographic relationshii:s also tend
to result in soil properties which do not conform to the generalization.

Where such relations are determined by contrasting lithology as in

pedizents formed on incompetent rocks at the fobt of resistant

retreating slopes, soil characteristics are governed not only by the

relative youthfulness of the pediment landform but also by the adjoining

slope, Since the topography of the pediment conforms to the incompetence

of the underlying bedrock the transported material from the ad jacend




eroding upland is retained within the soils and evhances their general

similerity to upland, actively evolving soils. Vhere, on the other hand ,

the formation of foothill pediments occur in a uniform, relatively resistant

lithology and is controlled by erosional factors alone, they tend to be
shorter and steeper. Consequently, internsl dreinage is gomewhat excessive
and soils, while still actively evolving tend +to be more leached and acid

than upland soils., Such a terdency is enhanced by higher rainfall and

affected by the nature of the lithology and drainage. Impoverishment of
bage content, low saturation and strong acidity are enhanced, therefore,

where either drainage is excessive or where parent rock is already
partially leached,

35a The pattern of soil-surface correlation consiats, therefore,

of three levels:=

2) The lowland level on which three 80il-types emerge: mid-lowland
80ils developed in material differentially pre-weathered in a former
cycle or phase and differentially stripped in the following phase;
Foothill-pediment soils on incompetent but unweathered lithology and
backed by high-grade metasediments; Foothill pediment soils on low-grade
netasedinents and sediments which are in part leached. The first and last

types consist of catenary sequences differentinted according to freedom

of drairege, mensure of stripping of deeply weathered parent material

in the first case and measure of leaching of the parent material in

the second, The second moil-type does not show pronounced catenary

differentiation due to relative uniformity of parent material and

drainage conditions,
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b) The intermediete upland level on which soils constitute an
evolutionary sequence dependent on the angle of the crest-slopes On the
least inclined parts of the crest a mature, moderately drained, but
actively forming soil emerges. Where crest area is limited and slope
angles are greater the natire of the soil varies from raw lithosols to
an already differentiated recent soil. The mature of thig evolutionary
sequence varies according to lithology and drainage. In all goils of
this level a relatively low amount of rainfall contributes to enrichment
in bases.

c) The high upland level on which climatic circumstances terd to
counter-balance the relative youthfulness of the soils by more profound

leaching end lesser mineralization of orgenic matter. These tendencies
appear in ell the steges of soil development which, as on the intermediete
level, are controlled by the angle of slope and the nature of lithology,




A Pattern of Iandscape Evolution

(Conclusion to the Chapter on Geomorphology and Soils)

A sis of Surface Develonment

Controls of surface development

The exposition of landscape evolution rresented in the present study
is based on the assumption that all or most of the study-area was
covered, at the initisl phase of evolution, by a certain thickness of
netasedimentary or sedimentary formations, It is an essential argument
of this exposition, derived from the clearly apparent differential
competence between sedimentary and prlutonic formations in the area, that
this resistant sedimentary cover was thickest in the belt now occupied by
the South Ankolean Highlend and Kold Hills and thinned out gradumally
northwerds. Such an initial geologic pattern would indicate that the
Present geological pattem resulted from the differential removal of
the sedimentary cover, controlled by its differential thickness and
structure, Simce incompetent lithology is disposed uniformly at the base
of the stratigraphic column, its effect on the evolution of the landscape
became apparent only at a progressively later stage with the southward grow-
ing thickress of the resistant cover. In other words, this means that
development of the lowest surface in the aresalvanced in a general

southyard direction, The neapure and extent of this asdvance was, of
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course, subject to the irregulerities in the ‘topography of the incompetent
tesenent but the general pattern of northward removal of the resistant
cover is well attested by the present geomorphological and geological
ratternse

Vhile lowland lithology is rdletively little differentiated in
degree of incompetence and its reflection in the lardgcape is comparatively
meagre, resulting in slight differences between the mejor groups of
granttoids and schists, the expression of differential competence of
uplard lithology is much more pronounced, This differentiality appears
to depend mainly on metemorphic grade and the nature of the structure
so that high grede metssediments disposed in many major, steeply dipping,
folded structures sppear to be the most resistant while unmetamorphosed
sediments in indistinct broad shallow structures are the least resistent,
This differentiality is expressed in the degree of dissection of
uplapd lendforms end the associated preservation of crest surfaces.
However, in contrast to the vertical stratigraphic differentiation of
competence which determined the relative extent of lowland and upland,
the metamorphic~structural differentiation is mainly horizontal
decreasing both eastward snd northward. Consequently, the amount of
vpland dissection as controlled by Lithology incresses in both
directions and appears to have constituted a significant factor in
lendscape developmert,

Geological control is expressed, therefors, in the emergence during

the peomorphic evolution of the lendscape of several physiopraphic units




differentiated according to the competence of their lithology and by
the ege and extent of former landscapes preserved upon them, Thus,
lowland, representing the latest major stage of laniscape evolution
is wholly developed upon basal incompetent lithology and is only
slightly ond shallowly dissected by later stages. In the upland,
developed on more resistant lithology, the least resistant mudstenss:and
shales in indistinct mejor structures, produce the most dissected type
of landscape consisting of relatively low individual upland features
separated by gaps of lowland and preserving only remnants of the latest
phase of upland landscape evolution, Low-grade metasedimentaries in
more digtinctive structures produce the hill-geries type of topography
vhere lowland gaps finger only between ridge-line groups of features on
which small remnants or modified remnants of an early stege of upland
evolution are preserved. Metasediments of intermediate grade or of
relatively meagre thickness produce high hill-masses or residuals, on
vhich remnants of the early stage predominate with occasional remnants
or modified remnants of the earliest stage., The high-grade metasedimenta
arranged in major folded structures, produce the highest mountain blocks
of the area preserving remnants of the initial stage of ovolutions

The view propounded in the present study is that the evolution
of the wpland landscape in southwest Uganda was initiated by what
L.C. King (1967) described as the 'cymatogenic’ uplift leading eventually
to the formation of the Rift Valley. It envisages, previous to that
uplift, an initisl mature surface of continental extent possibly

identical with King's African Swrface. It is, however, unlikely




on the present view, that this initial surface evolved only by Lower
Miocene as was meintained by the classic postulation., It appears to
this writer that the time that should be allowed to account for the
envisaged evolutionary sequence indicates a much earlier age for the
ipitiel surface and the initiation of cymatogenic uplift,-- possibly
pre-Tertiary. It must be remembered that initiation of uplift neced
not have coincided with rifting, More probably uplift preceded rifting
vy & long period. On the other hand, rifting, when it did occur, wes
not necessarily associated with immediate uplift of the rift shoulder
and reversal of wesiward drainage., This probably occurred only at a-
very late, relatively recent, stage of the uplift. There is strong
evidence that rift and downfaulting occurred at a much earlier period
then previously supposed, According to Bishop (1966), "the age of the
initial rift-faulting is still rather uncertain, but is probably
pre-ficcene at least and mey well be older still" (ibid. pe 171). If
Dixey's (1956) views on the early origin of the regionsl upwerp
associated with the Vestern Rift and the Ruwenzori block and his evidence
from the Southern Rift are added to this, it appears that & atrong case
for a pre-Tertiary initiation of the cymatogenic uplift does existe

A possible different interpretation is that the older stages of
landscape development preceded the initiation of uplift and that their
Present remnants existed probebly in a greater extent, on the initiel,
pre-uplift surface., Such an interpretation would extend the geological

tine available for the development of the @ifferent surfaces enough to

Tegard cach stege as a major cycle on a continental scele. It would




also nccessitate the postulation of continental origins of changes in
bage-levels, probably the same as stipulated by L.C. King. In other
words, such an interpretation would bring the postulated sequence

of development closer to the classical scheme of Uganda Surfaces with

s revised dating.

This interpretation is not implied by the evidence from the study-
area. The writer believes that the reasonable possibility of a very
early initiation of uplif't is sufficient to account “for the evolutionary
sequence within the study-erea. It must be kept in mind that the
differentiation of surfeces is envisaged on a limited regional scale and
that the causes of this differentiation are attributed to a regional
differentiality of upwarp within the general cymatogenic uplift., Thet
is to say that the controlling base~levels of esch new phase are
envisaged within the region itself or only slightly ontside it, so
that the extent of the surfaces developed in each phase is relatively
linited. Purthermore, the altitudinal interval between any two
consecutive surfaces, indicating the degree of the essociated differentisl
upwerp, does not exceed within the study-ares, the average values of
6C0 ft. between first two upland surfeces and of 400 fi. between the
second and the third, This interval may be greater between the lowesi
wlend surface and the lowlend but in this case it is accounted for
by the great difference in lithologic competence. Yo attempt has been
vade 0 correlate these surfaces with surfeaces outside the region and

tentatively they are assumed to represent phases of a major cycle

initiated by the general cymatogenic uplift, This means that the




1owland surface represenis the culminating phase of the major cycle,
If it is identicel with lowlard and pediment surfaces defined in

other parts of Uganda it may be equivalent to McComell's (1955) and
Pellister's (1960) Tanganyila Surface or Bishop's (1966) Kasubi Surface,
differing from them in that its development did not terminate by
end-Tertiery times, but continued far into the Pleistocene, for as long
as uplift continued, Such & concept of phasal development within a
major, very prolonged cycle, involves the possibility that the uppermost
level in the area, representing remnants of the initisl surface, may be
equivalent to the much lower, lakeside Bugands Surface. However, the
present stuly does not provide sufficient evidence for a country-vide
correlation of surfaces. It only estseblishes that the landscape of the
area developed in several distinct phases v ich may or may not be

correlated with phases beyond its limits,

The sequence of phases
1) The initial (Rwampara) phase. The initial surface is envisaged as

rert of a continent-wide mature lsndscape with a slight westward
inclimation, It is regarded as having had preserved on it a measure of
relief correlated with the pattern of geologic competences Since
netanorphic grade and structural resistance show a definite trend of
southward and westward inérease, it is considered that the highest
relative relief within the study-erea was located in the southwest,
forming & highlond mass which embraced the present areas of the
Bvzmpara, Western Isingiro and Kargawe. A rough calculation® shows

* Based on mssumed dabum levels in the lskeside area, calculated to account
for thickness of laterite, and on distances from postulated regional
bage-levels in the Katonga and Lake Victoria areas.




that in its highest parts this mess may have attained in relation
to the mean surface level, an available relief of 1000-1500 ft,
It had a veriable, but generally slight, northward and eastward slope
which, probably, did not exceed the rate of 20 ft./mile. Most of

the surface consequently drained northward towerds the proto-Katomga.

A szall area possibly dreained eastward or south-eastward into a
{ributary system of the proto-Katonga. Only the western margin and the
southwestern-highland part, apparently belonged %o a different c&ichment
area--that of the proto-Kageram. While this drainage system appears

%o have been also remotely tributary to the main proto-Katonge system,
its basin within the resistant highland was only subsidiery.
Consequently, being subject to a relatively proximate local base-level
it effected greater slope gradients within thq highland, as indicated

by the altitudinal disposition of present surface remnants (approx.

50 fto./mile).
2) First {Gaynza) phase, The first phase of landscape evolution was

initiated by beginning of uplift. Within the area, the uplift consisted
of genersl differentinl warping, uplifting the western margin of the

area by approximately 200 ft. in excess of the eastern margin, and of
differential deformation which effected only the area west of the present
Rugage hill mass, adding, at thewestern margin,another 200 ft. to the
uplift. Uplift was followed by a prolonged pause during which e very
extensive levelled surface emerged in the proto-Katonga basin producing
rotched scarps in the flanks of the deformed area. Where deformation

vas small, as on its eastern margin, the scerp was relatively low;
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vhere it was greater, as in the Eastern Rwampara, the scarp may have
abtained e beight of 500-600 £t. In the eastern part of the highland,
in present area of Western Isingiro, where both erosional orientations
coincided, levelling breached the watershed, isolating and partly
podifying remnants of the initial surface from the mein mass of the
highland. Howéver, the levelling, possibly enhanced by other factors
suwh as structural weakness, apparently did not disrupt the existing
drainage pattern, so that the lowered area was retained within the
proto-Ksgera besin. In the more resistant part of the basin, however,
the erosional phase 3id not progress beyond the formation of sloping
valley flcor surfeces, possibly due to the fact that change of northern
regional base-level in the proto-Katonga was very remote and the
drainage was not effected by closer eastern base-levels. The extensive
levelled Gayaze Surface whose present remnants on reaistant lithology
show & relative relief not exceeding 300 ft. was, probably, even more
subdued where cut across less competent low-grade or unmetamorphosed
sediments in the north and northeast. On the other hend, where massive
quartzites ocourred, several modified remnants of the initiel surface
rose 200-~300 ft, above the general level. OCorrespondingly, it is
vossible that elready at this stage the precursors of the arenss, such
as the Masha and Ishurs, formed depressions in the surface where

basal schists were already exposed. In relation to the Masha arena

it i @ifficult to say whether it belonged to the proto-Ruizi or to

the proto-Katonga catchments.




3) Second !Sangg} phase. This phoase wes initiated by the resumption
of uplift. Compared with the previous phase it was, probably, shorter

and imvolved no deformations so that east-west differential did not exceed
100 £t. Moreover, differential warping was contimuous and erosional
development already affected extensive exposed areas of incompetent basal
lithology. The pattern of the new surface was, consequently, less unifora
and lithological differentiation more pronounced then on the previous
surface. On extensively exposed, relatively or absolutely incompetent
lithology, plenation was advanced, associated with relative, primary,
laterization and very deep westhering (Ishura, Nyabushozi, Mbuga-Bubale,
Northern Koki). Here the surface was the lowest, approximately 400-500
£t, lower than the Gayaza Surface, with few exposed quartzite ridges
already rising slightly above it. On more resistant lithology the
surfece sloped gently up to join the Gayaze Surface in a noticeeble

bresk of slope; low scarps emerged only where induced by differential
lithology. Usually this part of the surface was represented in

headwater drainege basins such as the present Lower Ruizi and the Masha
ardl Tkariro arenas which, perhaps then resembled the Lower Ruizl basin's
present state. Of similar dimensions although of different pattern were
two elongated sloping basins in the Eastern Rugage~Chamburara and the
Central Koli areas. They developed along existing northwest directed
drainage lines on intermediate lithology and limited remnanis

of the Gayeza Surface were preserved on the Western Koki watershed

between them. There is no indication that this phase penetrated the

proto-Kagera catchment so that drainage pattern remained essentially
the sexe,




4o Third Lowland S8, 1t is not clear what event caused the
initiation of this phase.. Possibly, the cause lies beyond the limits
of the area, perhaps associated with a stege of aiffemntial warping
that affected uniformly the whole region or at least the part ineluding
the study-area. A significant lowering of regional base-level occurred
without & noticeable effect on differentiel upwarping within the area.

The associated erosional phase affected mainly basal incompetent lithology,
in part deeply weathered, and consequently proceeded at a relatively

rapid rete modifying profoundly the lowland surfao;e and ex;a.ndjjng it

at the expense of the older upland, probably by inducing p@mhme

of glope retreat. Landscape evolution was, therefore, much more complex
than previously. Several stages may be discerned, marked mainly by
profound changes of drainage patterns:

(a) A rapid but still partial stripping of the weattered mantle
over incompetent lithology of the proto-Katonga catchment caused the
elimination of most of the Sanga Surface in these areas aml its
restriction to marginel aress of resistant lithology and few laterite
caps on vatersheds. A lithologically induced scarp began to emerge
between the surfaeces. The highest irregularities of the basal surfece
were etched as "tors® and quartzite ridges; and where drainage lines
reached the unweathered or less weathered bese, lateral erosion produced
typical flat floored valleys. Abrupt reedjustment of local base-levels
irduced by this rapid erosion, caused two significant changes in

dreinage pattern: the upper part of the Central Koki drainage besin

- Was captured by the Chamburara (Karunga) drainage across the Western Koldi




yatershed. This is attested by numerous levelled benches abutting the
slopes of the capture channel and the Chemburara and Western Koki hill
nasses at a similer level, epproximately 100-200 ft. lower than the
Sanga Surface Temnants. This capture, probebly due to the greater
southward extent of the Ishura lowland, resulted in the lowering and
jnitiation ¢f the present Kijanevmlols basin; the other change concerned
the breach of the highland watershed south of Kasumba end the capture
by the present Lower Kagera of the headwater, subsidiary, besins of the
proto-Kagera, represented todey by the Orichniga and Bigasha systems.
The ePfect of lowlend stripping was probably enhanced in this case by
the cunujative effect of differential upwerp and the proxisity of
regional bage-level, The capiure resulted in the dissection of the
up +ill then intect Gayaza Surface of Western Isingiroe

(b) The main occurrence at this stage wes the breach by the
Oriching;; of the already tenuous Bugerewna-Isozi watershed, rwobsably
due to the effect of the newly established southeastern base-level,
Thie bresch, exposing to this relatively vigorous base-level the extensive
areas of incompetent mica-schists of the present Nakival-Mburo lowland
and the as yet not entirely stripped weathered pantle of the present
Ishura lowland, resulted in the complete reorientation of the drainage
system and the profound modification of the lowland surface in the centre
of the area., The newly-formed southern low ground caused the
acceleration of weathered mantle stripping, the destruction of former

lowlend~divides and even the capture of north-directed drainage across

the resistant remnants of the Sanga Surface (e.ge. that of the Mazinge~-




Wpuge System by the Nyarutegura), It resulted consequently, in the
pigration of the watershed from the southern highland exis o a
rorthern mid-lowland alignment, where it is still gapped by several
wide velley floors. It also caused the incision, below the lowland
surface, of the present drainage pattern, the precursor of the present
Lake Systems which was, however, still directed westwards and had no
connection with the proto-Ruizi system.

(c) WVarping, which up to this stage hed been slow and possessed
a small east-west differentiel, began suddenly to accelerate--probably
in late-Middle Pleistocene (Bishop and Posnansky, 1960). Acceleration
was associated with a second deformation of the area west of Masha,
adding 200 ft. to the 100 ft, east-west differential of warping etimined
during the lowland phase, A recdjustment of drainage occurred in the
western parts of the Masha arena and Lower Ruizi basin, associated possibly
with the final exposure of the granitoid core in the former, a wéstwand
expansion of the latter, and the breaching of the B:i.hm)ya-Ka'bulangi:mv

range into the Ubarare arena.

This outline is, of course, tentative. Details of lowland surface
development may have occurred at different stages than implied by it
or processes may have been continuous from one stage to enother. Thus,
Wﬁsibly,%pture of northward drainage scross the Sangs Hills end
development of the present Nburo-Kisimbi drainsge pattern may have occurred

deinly in the stage of deformation. The evolution of the Lale-Systen

drainnge pattern may have contimied throughout the last stage. Or,




pore significantly, the capture of the Orichinga-Bigasha drainage by

the Iower Kegera may have resulted, elready in this rhase, in the
iowering of the Nsongezi-Kikagati gorge and capture of the Eastern
Rrampere drainage by the eastwgrd drainsge. Such an occurrence,

as that in wesitern Masha ard possibly aligned on the same deformationel
axig, prepered the vay for the future capture of the Proto-Kapgera system

vhich was prevented at this stage only by insufficient differentisl

warpinge

5. Fourth sgggraﬁationl phase. The acceleration of differential

warping ecross the rising Rif't shoulder, finally resulted in drastic
reduction of dreinage gradients and reversal of its directione
Aggradation of valleys followed, and the widespread drowning of the
dreinigor system, Bsually, latitudinally aligned drainage lines were
more extensively aggraded and drowned then those longitudinally aligned,
which explains some very shallow alluvial deposits in very wide valleys.
In some cases sggradeation and ponding back of headwater basins was
followed by capture and draining by east-directed drainage, prominently
that of "Lake Ruizi® by the lLower Ruizi; or thet of "Lake Kagera® by

the Lower Kagera, through the Nmongezi-Kikagati gorge. In both cases,
capture and draining of new upstream drainage were followed by pomding
back, lower down the new drainage systems—-the Lake System in the case
of the Ruizi ard Lake Victoria in the case of the Kagera. The extensive
Tonding-up of the Lake Victoria basin reached the limits of the study-area
only in the cxtreme south, slong the Kagera velley, up to Nsorgezi,

end probaly left its mark on the main drainage lines of the Ikariro




lomend, Otherwise, the last phases of the upwarp, terminating in o
the recession of Dake Victoria to its present shores, left no distinct

jmpression on the study-area,

Ihe Sequence of Surface Deposits

The relations of laterization and pedogenesis to landscape evolution
are sumzarized in Table § , in which an attempt was made to emphasize
the zain points of seguence. It is, necessarily, a largely hypothetical
scheme, especlally concermning the sequence of former soils, but this
necessity of hypothesis emphasizes the principle that in a highly
dissected end tectonically unstable landscape, one cannot expect %o find
age correlations between surfaces and their deposits. The summary attempts
to emphasizeanother principle--that the nature of surface deposita
deperds not on geomorphic features alone but alsc on macroclimatic
environzent. Where surface is relatively stable and little disturbed
by geomoxphic processes, relic influences of former environments may be
preserved in surface deposits. Otherwise, they reflect only the
contenporary environmental conditions.

4 much more detailed and specific study is needed in order to work
oub the actual environmental sequence in the study-arca. The present
suamary intends only to emphasize the fact that there was a significent
change of environmental conditions of surface-deposit formation. The
long period of prevalence of ferrnllitic conditions should be regarded,

consequently, as a strongly generalized interpretation. It is well-knowm
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that since early Tertiary several alterations of climatic conditions
scourred, at least westward of the present region (Cahen, 1954; Cshen and
Leperssonne, 1956), but it is impossible to correlate them with any
sccuracy with the avgilable evidence of the present region. Vhile the
sature of leterite relics on ths Rvampara Surface may point to
ferrallitic conditions at an early stage of the geomorphic history, the
next evidence of such corditions is provided by the nature of soils

on the relatively late mid-lowland areas. Consequently the intervening
period mey have witnessed several alternations of conditions from humid-
ferrallitic to arid-fersiallitic and back, without any evidence having
Peen preserved in the land surface or its deposits.

The suamary also obscures some points of detail such as the
predozinant influence of local geomorphic and other environmental factors
over the genersl macroclimatic factor. This may result in specific
depssit characteristics which do not conform with the general climatic
enVironment, Thus, the Kolki soils show ferrallitic properties under a
subinmid climate, end foothill pediments show Perrisolic properties under
a seni-arid climate. In addition, the summary may tend to impart the
impression of abrupt changes, of restriction of processes to a certain
Mhage or their prevalence throughout some phase. In fact, transitions
between phases should be regarded as véry graduasl and processes of
deposit formation as varimble in duration, at times continuing into
another phase than thet in which they sre indicated or as prevalent only
during part of it. A final point ts note is that present characteristics

of soil units or specific surfaces are subject not only to cedenary
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gifferentiation but also to a spatial, geographicel pattern. Their
gefinition, therefore, is generalized and it is doubtful, for
snstance, if all mid-lowland soils have developed on equally

pre —weathered material and tha+ they are, consequently, equally

perrallitice
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The Nature of the Vegetation

Iypes of Vegetation
Invariably, attempts at classification of vegetetion involve

2 prelininary problem similar to that encountered in pedological
classification, namely —- whether the classification should be
pased on objective field evidence a.lone or should it represent
genetic postulations derived from this evidence, In relation to
Aricen vegetation, such postulations are often quite difficult,
as certain types of vegetation may be retural in one area and induced
in another. Freguently, also, the absence of relic evidence of a
different vegetation makes it difficult to judge the genetic position
of the existing vegetation and to decide whether it is natursl or
derived. It is, consequently, the dearth of evidence that often
prevents the elaboration of "naturel™ classification, embracing more
varied sources of information, and the lesser the detail, the
grester is the tendency to avoid genetic postulations and base
clasgification on physiognomy.

Although 1literature concerning the vegetation of Uganda is
quite mumerous it is mostly concernsd with very limited areas or

specific types of vegetation and almost none of it cen be directly

i
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related to the study-area or to its prevelent vegetation types.

However, Ugenda is also as yet the only coﬁntry in East Africa which

pas yeceived an overall survey of vegetation. A relatively short but
very {1lupinating treatise, laying emphasis on grass communitiex

sus precented by Snowden (1953). A wuch more detailed and relatively
recent survey wae presented as 2 series of the Memoirs of the Research
Division in the Ministry of Agriculture of Uganda (Langdale-Brown,
1959~60; Wilason, 1960). Vegetation types of the area were, congequently,
studied mainly on the basis of these two works.

¥ajor physiognomic fypes.

Nost of previcus classifications of Esst African wegetation appear
1o have been influenced by Schimper's (1898) concept of three major
vegetation zones, of three basic formation types:- woodland, grassland,
ard desert and of two kinds of formsation -- climatic and edaphic.
The types defined by these classifications were named accordingly,
adspted to combinmations found in the relevant area with various
alditional envirommental criteria, usually -- moisture supply amd altitude,
for subsidiary subdivision (e.ge Chipp in Tansley and Chipp, 1926;
Burtt-Davey, 1938; Greenway, 1943). Snovden was apparently also
irfluenced by this epproach, but the smaller scope of his survey
enabled hinm to formilate a more detailed division of mejor types based
on physiognomic-botanicel features. It appears that through this

division he also attempted a climatic differentiation indicating a

geretic classificetion in the sense that his formetions were also

b



climatic climaxes. He differentisted in the firast category between
vegetation of plains ard hills (below 1680 m. altitude) including all
tropical formations, and montane vegetation including subtropical,
temperate and elpine formations. According to his mep, montane
vegetation is not represented within {he stuly-area although the highland
there exceeds the altitudinal lizit he set for tropical vegetation,
of the tropical formations, according to this map, only two are
represented within the arca: the Acacia and Mixed Woodland formation
shich occupies most of it and the Evergreen Forest formation oceupying
only the eastern margin ani probably indicating the transitidn to the
hunid lakeside regions

As some others before him, Snowden avoids the usage of the term
"gavanna®; possibly in response to the controversy and doubts attached
to it end expressed shortly before by Aubreville (1949). Apparently
since then views on the spplication and usage of the ters have become
ore crystallized. Lengiale-Brown's survey accepts the term as
desigmating a definite vegetation type of both a genetic and a physiognomie
application, indicating that it cen be applied both to natural-climatic amd
edaphic-climaxes and to induced vegetation and thet it is a very useful
descriptive term in regards to African vegetation. In tiat, as in all
his clagsification, Langdale-Brawn follows mainly the Yangambi
physiognomde symtem which was outlined as & provisional generel scheme
for the vegetation of the whole of Africa south of the Sehare (CSA/C.C.T.A.,

1956}« He also uses this physiognomic system as a descriptive basis

for a natural successional classification.




defined on a physiognomic basis and those defined on a genetic bagis
are identical and are composed of the same communities, It ig only .the
allocation of the commmities to different formations that distinguishes
the physiognomic from the geneticaystem. Thig implies that secondary
vegetatidn induced by anthropogenic factors can have only a certain range
of physiognomic formational expression, a range dictated by envirommental
conditiors. The oogclusion appears to be of much significance in yelation
to African vegetation since it rejects the view that any vegetation-type
on the formational level, and certainly on the formation-group level,

swh as the savanna, can be wholly derivational, Langdale-Brown alac
mwdifies the Yangawbi system in that he unites the Wooded and Tree Savanna
formetions regarding them possibly as representing different grades of
disturbance of the same community. Although the same reasoning can be
applied also to grass savanns the physiognomic difference is much more
profound and in some cases a grass savanna hes no genetic connection

vith the other types,

Langdale=-Brown distinguishes within the atudy-area mainly two
Fhysiognosic formations or subformational vegetation types: Compound~leaf
Saverna Woodland (Acacin) and Tree Savama of the type associated mainly
with Theneda grass 5FPs end Grass Savarma of the types dominated mainly
by Themeda ama by Hyparrhenia grass spp. The former predominates on
lowlarg interfluves, some uplami crests (Isingiro amd part of Koki)

4 al2o in some wide, seasonally inundated, valleys (Nyabushozi and

Tharizo lowlangs, Bigacha and Orichinga Valleys), Of the latter,




that dominated by Themeda is prevalent on most upland crests and. slopes

and 2lso in some valleys (Lyamtonde-Kachern area); that dominated by
Eyperrhenia iz prevalent in some lowlanis (Myabushozi, Nekivali), .

It is significant that members of two other formations are recognized on
very ssall areas: a Deciduous Thicket on termite mounds end relics

of a Nedium Altitude Moisk semi-Deciducus Forest in the Bwampara Mountains,
Other formations are fourd on gites with impeded drainage: Aquatic
Grasslani (eastern part of the Lake Systez) and Herb Swamp (Lake Systen),

Swccesiore] clasaification
Snowden (1953) indicates the successionel relationships of graes
communities by grouping them on a formational level in certain types. He
algo, points occasionally to mceaa;;i‘ relations between the different

communities of the sane formation, Although he does not discuss
succesgional implications in detail these implications are quite clear,
indicating his opinion that the climstic climax throughout most of the
272 is an Acecie and Mixed VWoodland formation which is associated only
vith the sub-humig or seni-arid regions of egquatorial Uganda, namely,
the southern part of the western Rift Valley end the Katonga Flateaup,
Langdnle-Brown (1959-60) dissertates much more elaborate views
o8 the genetic naturs of Uganda's vegetation. He recognizes for the
*ole of Uganda 26 or 27 natural climax types equivalent to physiognomic
formtiong which he groups in 7 forzma tion-groups correspording to the
f°’“ti°n'mups of the Yangaubi classification, namely: forests

(iml"’ding thickets) at low and medim altitudes; foreats at high
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Forests _and Thickets at Low and Medium Altituien

4. Moist Semi-Deciduouvs Forest
B, Forest-Savanna Transition
Co Semi-Evergreen Thicket

D. Deciduous Thicket

Edaphic Forests and Thickets

L, Seasonal Swamp Thicket

X. Aquatic grassland
Y. Herb Swanp

A The Notst Semi-Deciduous Forest (Albizia-Uarkhamis type) is depicted
&8 forming a mosaic with Grass Savamna in the Eastern and Central
Bwapara, 71t is not described in the survey nor is it differentiated as
to the occurrence of tue subfornationsl type. In other parts of Uganda
s latter forng quite extensive relica, especially in Mubende and Toro

distriotn ang 2180 in western Menga and southern Bunyoro, In the study-area

i 18 repregenteg by very limited relios, if at all, probably in well-

Protecteq velley sites, and its significance appears to be mainly in
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indicating more favourable moisture supply ang efficiency,

B, The Forest-Savanna Transition Climax type is represented in the areg
only by a derived community of pedinents of the eid~ and noprth Western
Roki Eills, probably indicating especially favourable moisture~-supply
sites in the transitional belt to the Lalegide region,

C. Semi-Evergreen Thicket is also represented only by derived conmunities
amd is depicted as oecuxu';ia:g in several different environmental complexes:
on upland crests of the Isingiro and Gayaza hill masses, where it

doninates a mosaic with grasslani savanne, indicating, apparently,
relatively favourable creat-30il conditions at @edinm altitudes; on
pediments of narrow lowlanmd valleys in the worthern foothills of the
Bwampars, probebly indicating better moisture and nutrient supply in
rrotected sites; * on lowland interfluves of the Mbarara arena indicating
higher rainfull area and, possibly also a favourable soil-topography
conplex,

Di Deciduous Thicket is represented in the area by its natural climax
coamunity only on termite mounds, but this and the Ppresence of associated
charwoterigtic species elgewhsrs is apparently regarded as indicating

e rotential climay of most of the lowlands of the study-area and also
Some parts of uplang crests, It is @ifficult to deteraine exact
“rrelations for this climax-type since its depiocted distribution does
0% coincide with any single isohyet or group of soil serdes. Generally
bowever, 3¢ 8Ppears to correspond in distribution with Snowlen's Acacia

and Wiyeq Woodlard formation although it extends farther north in the




Rift Valley and exists also in limitdd areas of lakeside pediments in the
Eyoge besin. It is, therefore, sinilarly, a vegetation-type restricteg
to sub-humid~semi~arid regions of Uganda's equatorial zone.

L. Seasonal Swamp Thicket is depicted within the area ag being confined

%o wide velley £loors of the sastern Ishura lowland, draining eastward to
Leke Knchera. The reasons for this are not quite clear, It appears also
to be generally restricted to the equatorial zone where its distribution

on seasonally immdsted velley floors depends apparently on the balance

of interaction between amount of rainfall (length of double inundation) and
the moisture regime of the alluvial clay soils, This is, however, a

very general characterization which does not explain the details of
distribution,

Es Compound leaf Savanna climax-type is regarded as being restricted to
the wider flat floored valleys of the Kagera catchaent area and Central
Nyabushori, As far as can be surmised from the distributional pattern,
this clinax-type is more edaphic than climatic although it is rarely
found where reinfall exceeds 50 inches, It is generally confined to
lowland and appears to be Telated to sandy soils, A tentative correlation
seens to exist between its distribution on these s0ils with rainfall

&nd drainage conditions., Thus, it occupies sandy interfluves only where
relnfall exceeds 35 - 40 inches. Otherwise it is confined to seasonally
inmdated valley £icors where waterlogging ia slight end brief but
Wigture supply is adequate,

|
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S, Grass Saverma is second only to Deciduous Thicket in extent in the
stdy-area., It predominates on uplani crests of both the Rwampara and

the Sanga Surfaces eand also on the residual features of the Gayaza Surface,
Tt also predoninates on all uplend oiy in heavily aggraded and seasonally
immdated valley floors. These last appear to differ from the L apa R
valley~floor climax types in being more waterlogged during the year due

%o heavier aggradation and longer inundation (bigher rainfall o lower,
flatter position), Clearly, on wpland crests and slopes this climax-type
results from shallow skeletal soila, either due 4o excessive erosion or

% the mature of the parent rock (high-grade quartzite and ironstone)
interacting with low reinfall. Where excessive erosion appears to be
tbemhuuu(uinthehalpamandthemttwpam of the Koki Hills)
it is controversial if the vegetation-type can be regarded as a climatic
climax,

X Aquatic gragslamy olimax-type is confined in the study-area to the
K'l\i&mghloh-hnmp Part of the Lake Systes and the shores of Lalke
Kachera, dpparently it indicates the shallower swanp phases or those
nlley floors which are inuniated uost of the year, It appears to be
related o certain topographic circunstances along drainage lines, which
Frevent rapid progressive silting up (e.gs absence of substantial up-strean
eradient or amall cetchaent, or shallow but relatively fast flow)

combined with  sufficient rainfall (35 - 55%) to ensure a permanently

high wator-table ang prolonged, seasonal inundation, However, it appears
weertain if it cun be regarded as a climax. It may represent a seral




stage to seasonal swamp thicket, or forest,

Y. Herb swamp climax-type characterizes the deeper swamp phases of the
lake System and indicates a permenence of inundation in the lowest parts
of the relief where dreinage is strongly impeded,

Environmentel Considerations
Lovironjental Lonsiderations

Generel clinatic and edaphic relationships

Influence of climate is, therefore, the decisive factor in both
rhysiogromic amd genetic nature of vegetation types in the study-area,

On the formational level, both aspects are related to a low annugl
rainfall of 25 - 45", On a sub~formational level, the physiognonic type
of Acacie Woodland Savanna associated with Themeda grass.and the potential
clinax of Deciduous Thicket ag digtinct from floristically different
deciduous thickets in othep parts of East Africa (e.g. the Itigi
thicket of the Central Provimce of Tanganyiln; see Phillips, 1929, 1931},
they appear to be related to an equatorial seasonal regime which allows
for a better distribution of the availsble moisture supply and the
restriction of the dry season, in which Precipitation falls below the
ecological minimm for growth; o no more than two consecutive months.

Within these limits of Yearly rainfall (to 45") and seasonal
Tegime, prominent variations in vegetation-type appear to be related to
*d2phio rather than to climatic factors. There is some indication of
veriability between the western and eastern transition belts. It

frpears that the dominant vegetation-types, especially the physiognomic




types, are found to the west of the study-sreas unler higher rainfall

then to the east of it. Acacia~Themeds woodland savanna occurs in

weatern and northwestern Ankole under a yearly rainfall exceeding 45"

and occasionally 50". In Masaka, to the east, they are found in areas
vith over 40" p.a, only on very dry sites. On the other hand, moist
Acacia Weodland Savanna associated with more demanding grasses (Byparrhenia,
Backercpsis, etce) of the Forest and Forest/Savanna Transition climax-types
are found in the Xold Hills under less than 35" pet., while in western
Ankole they never occur under less than 40%. Thig is, perhaps, due to
chsuge in diurnal distritution of reinfall, In the Lakeside region and
over the Lake a pattern of nocturnal maximum of rainfall prevails while

in the inlami regions there is a fairly gencral early afterncon peak.
Thefzandtiontofhaeastofthestudy—nrea, into the zone of Lake
influence, is quite rapid as indicated by amounts of rainfall, It is
possible, therefore, that greater effectiveness of available rainfall,
especlally on favourable sites, is expressed in vegetation. A slight
clisatis influence ig possibly discernable in slope exposition, with the
west anmd south-facing slopes having a densex vegetation than east and
torth-facing slopes, This denser vegetation may also include species not
found on east and north facing slopes but never to the degree of causing

& change in vegetation-type or even community, This nay be due mainly to
the direction of the prevailing rein-bearing winds, However, the tendency
is very slight ang is conmonly obscured by other Factorsso that its
exdstence a8 & wniform ama consistent phenomenon is in doubt, A much
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wore proninent climetic factor is associated with altitude. This is
apperent mainly in climex-typesard only where edaphic factors are
favoursble, As observed, the prevalently present climax-type in the
Rwenpere Mountains is Crass-Savanna but this is due mainly to excessive
erosion and relics of moist semi-Deciduous Forest irdicate the possible
original cli:r-ax-t_yp;. On the other hand, where relatively deep soils are
preserved on the broad crests of the Isingiro and Gaynza billmasses, a
special derived commmity of the Semi~Evergreen Thicket clinax-type exists
which differs fronm lowlaml commmities of the same climax-type,
Relationships betwsen vegetation and s0ils are apperently not
correlated with soil units as such but with certain soil Properties,
Host important among these are dreinage and moisture regime which seen
to outweigh other edaphic factors., COnseqwntly, a very conspicuous
differentiation of several levels iz apparent between vegetation~types
on sites of different drainsge properties and moisture regine. Where
drainage conditions are extreme, considerably impeded or excesaive )
vegetation types are differentiated on a high formational or sub-formationel
level, On the degree of extrenity depends whether the differentiation
is only physiognomic or ailso successional. Thus, vegetation of gullies
°f moderate slopes is very mxh different from that on gully interfluves,
But if the gully 4s wide or still very shellow, and is only relatively
2ore moist than the edjacent slopes, the difference in vegetation
18 meinly Fhysiognomic — & dense woodland instesd of & tree savamna,
Tiere gullies are deep and narrow and their moisture regime differs

Grastically frop that of the exposed slopes, a dense thicket of an
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entirely different floristic composition develops in them. Or, where
flat valleys are inundated only very briefly during the year and the
weter holding cepacity of the alluvial deposits is low, & grass savemma
ray develop differing profoundly in physiognomy from that of the adjacent
interfluves, but the climax-type may be common to both. Where, on the
other hand, drainage is more impeded, inundation prolonged or soil
charecteristics allow for a permanently high standing water-table, the
clinax-type of the valley-floor would be different from that of the
interfluvess Other factors which appear to influence vegetation, some

of then closely associatdd with drainsge conditions and difficult to
distinguish, usually affect vegetation on a lower level, only rarely above
thet of the community or a veriant of a compunity. This ia expressed
nainly by a change of floristic composition, frequently of no more

than o |h1tt ix’x,:suh—domimme status between members of the communitye
Soil reaction; for instance, often associated with excessive drainage and
leaching, may canse the increase or the new appesrance of certain tree
species, Texture, also often associeted with drainage conditions amd
8ol reaction, msy result as i(ndica‘hed above, in a specific climax-typee
lutrient status is another factor, effecting a shift of sub-dominsnce

nd even a considersble reduction in frequency of certain species.
Gererally, then, distribution of vegetation types and communities does
not correlate with that of soil units as defined above but rather

¥ith the interction of certain of their properties.




The Anthropogenic factor

Of the 20 communities identified by Langdale-Brown (1960) in the
study-eres, only four, two of them palusirine, are regarded as climax
commmities; three others are defined as seral stages following
cessation of disturbance (two are stages immediately preceding climex).
A11 the other thirteen communities are defined as fire climaxes.

Purning of the savarma grass at the end of both or one of the dry
seasons is a wide-spread and well~established practice used for the
purposes of cultivation and grazing or at times it is done guite
arbitrarily. Burning is not necessarily annual but according to

Langdsle-Brown's survey the communities occupylng the largest part of
the stuiy-area ares anmally burnt; some others are regularly burnt

and only the climax vegetation is wholly or mostly free of fire,
Undoubtedly the gradmtion from annuel to regular and to occasional
and sporadic fires is expressed in a gradation of vegetation such

that the cdammities subject to annusl or regular fire are the most
profounily modified, However, obviously the effects of fire, whatever
its frequency, are not spatially uniform. They depend largely upon the
density of fire foci which reflect density of population amd sgricultural
or rastoral practices, Under an equatorial seasonal regime with only ome

of the relatively short dry seasons inducing a complete wilting of
perennial gresses, the concept of fires sweeping across wide expanses

o savamnas from few atarting points appears rather doubtful, The
dersity of population in the study-aree averages approximately 20 per

39, nile (over 80 per sq. ml, for the whole of Ankole and over 100 per
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sqo uls for the whole of Masakm) end it is largely concentrated
(epprox, 70%) on the Isingiro end Geyaza hillmasses, the adjacent
parts of the Ewampera Mountaing end Orihchinga Valley, the Western
margin of the Masha arena and the adjacent Mbaraye arenaly and in the
rorthern part of West Koki. These concentrations occupy no more than
20% of the area, which means that over the greater part of the area,
aversge density is as low as B per sq. ml,* Pastoral practices, however,
involve burning out of proportion to the density of population, and the
lowlands of the study-erea have been for a very long time part of the
pasture lands of the Bahima, Yet, even at present, large parts of the
lovlands are heavily infested by tse-tse and it is only relatively
recently that herds started descending from the Isingiro Hilla t&
pastures in the adjacent lowlands. In the writer's experience of two
consecutive dry seasons in the area, burning appeared to be very limited
both in frequency of foci and in the extent to which it spread from each
focus,

Associated with burning are cultivation and grazing. Cultivation
&ard settlement nre alsc associated with wide-spresd cutting of woody
vegetation, But the same limitations of extent and frequency as
Pertained to burning apply to these. In fact, the influence of these
factors appears to be very decisive in the vicinity of concentrated

settlement, where vegetation is profourdly affected, but is relatively

* Celoulations are based on results of the 1959 census. At the time of
the stuly a very considersble additional mumber of Ewandan refugees
kad settled in the area, but extension of the settled area was

confined mostly to the Orichinga Valley.
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slight where settlemenis are few and swall, as in most of the lowlands

of the area. In most of the study-area cultivated land constitutes

less than 5% on the average (MacMastery, 1962) and in the lowlands it

is puch less than that. Consequently, as with the associated Pfactor

of tuning, the effect of these factors should be considered differentially
sccording to specific circumstances and generalizations should be

undertaken with care.

It is, however, necessary to take into account the cumulative effects
of these factors over a prolonged period for which little is known as to
distritution and density of population and grazing herds. Apparently
the general pattern of present density and distribution has been in
existence only since the beginning of the century., Prior to that
settlesent of the lowlands at the foot of the major upland bHblcks in the
south, had been denser. It is doubtful, however, if general mumbers of
population were much greater., It is only the numbers of cattle which
were, possibly, much higher. In view of the shifts and changes in the
Prolonged human occupation, the present status of the vegetation depends
obviously on the rate of regeneration ami availability of locally extinct
constituents of origiral communities. Generally, the meagre historical
ovidance indjcaten that the vegetation of the southern lowlands may
bave been of & lower physiogromy status than at present (see Stanley, 1876),
¥ith ires savarnes or grasslend sevannas predominating where extensive
tracts of wooded savamnas exist at present. A more accurate estimate
of regeneration msy be gained from a comparison of areas cleared of

Tegetation as a measure in combating tse-tse (G. Moraitans) in the




vestern part of the area. These clearings were undertaken during
the period between 1931 and 1937 (Langlands, in 1itt.) and the degree

of regenexation in thirty years can be assessed, especially where no
hupan settlements exist, by comparison with adjacent uncleared areas,

In generel, it can be stated, without any quelification, that differences
between the vegetation of cleared and adjacent uncleared aress is

apparent only in minor details (see Appendix) ani considering the

nethod of clearing, involving an almost complete elimination of woody
vegelation, and the lack of any evidence of human activity in some of
these areas, the secondery status of these communities seems in need

of careful reconsideration.




Vegetation of the Study-Area

Method and Pre! Considerations

The survey of vegetation in the atudy-area was undertaken with
the basic object of distinguishing relationships of vegetation-types
of different orders with physiographic elements of different order and
form. It had the great sdvantage of being able to base itself on an
already existent and fairly detailed survey, but it was conducted
under very grave disadventages ensuing from a lack of specialist and
zanval help and an allocation of time that was rather short for its needs,
An essential requirement of such a survey is a thorough scquaintance
with the flore which is very difficult and time-consuming to acquire
vhen no specialized help is available. The methods of the survey had
to be devised, therefore, to collect the necessary data in the minimumm
of time available after sufficient acquaintance with the flora was
atteined,

4s a result of these considerations, field methods were baged on
descriptions of apparently uniform stands of vegetation on both sides of
fraverse lines routed along roads, motorable tracks and occasional
footpaths, from which side trips were taken where deemed pecessary.
41 notorable tracks and rosds within the area were traversed and many

cross-country trips on footpaths. Vhen data was assexbled from the whole




of the aree provisional groupings of vegetation were outlined., A

second survey was then carried out where gaps appeared to exist or where
uncertainties were involved. Stands were chosen where apparent changes
in the vegetation were noted and where obvious transitions between
landforms occurred.

In each chosen stand the following salient features were noted:
species composition in each stratum of the comnunity, their estimated
relative cover-abundance and physiogromic details (height, spacing amd
eeriel cover)s APter the revision of the groupings, involving also
corrections in floristic identification (where identification depended
on floral characteristics), several transects were undertaken in what
were defined as type-localities, and several more detailed observations
carried out in typical stands according to sadaptations of the quadrate
zethod, An atteppt was thus made to combine certain aspects of the
Zirich-Hontpelier approach (Braun-Blanguet, 1951) with those used by
Trepnell (1937, iS43). In view of the fact that the major problems
in correlation between vegetation and landforms, seemed to be assecinted
vith differences between upland-crest and lowland vegetation, less
attention was devoted to vegetation on the slopes and valley floors
or % such types as appeared to be climatically conditioned.




Yegetation units of the Study Area

The major units of vegetation and their distribution

As observed the non-aquatic vegetation of the study area comprises

* two major physiognomic units on a formation-group level: savamma and
closed forest at medium altitude, the latter being represented only by

thicket, Of these two units savannas are by far the more prevalent

and include the whole range of savanna formations — wooded savanna,

tree savanne and grass savanna. Thickets are represented only by
vozponents or by commumities restricted to specific sites usually of

L soall extent. However, many savanna comnmunities include a large

proportion of thicket elements, which tend to congregate in small groups,

in certain situations and these, conseguently, impart a thicket-like

aspect to the savama, '

Apart from the physiognomic differentiation based upon synusial
relationships, i.e. the relative proportion of the tree and grass layers,
the mvannan of the area are physiognomically and floristically
differentiated into two major subformational units: a compouni-leaf
savama dominated by species of Acacia and a mixed, brosd-compound leaf
savma dopinated mainly by the compouni-leaf Albizia spp. amd by the
btroedleat Combretum spp., but occasionally by others. The distinction
12 a broed one since both units contain elements and commmities related

% other formations or sub-formations, of which those of the thicket

T ———
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are the most prominent. What makes the distinction very conspicuous

ig the exclusive association of each of these wnits wif;h & major
aspect of the landscape or, more properly, with a major group of soils:
conpound~lesf savammas are associated with level surfaces, carrying
relatively deep, weathered soils; mixed savannas are associated with
slopes carrying skeletal, shallow soils. This differentiation of the
tree layer is paralleled by the differentiation of the grass layer,
but since grasses and herbs responmi to a different écale of environmer.tal
factors than woody vegetation, the grass layer associated with slopes
is more uniform than that on level surfaces due to the greater uniformity
of edaphic factors in akeletal, unstable moils,

4s stated, this physiognomic-floristic differentiation of vegeta'!’tion
is independent of the rhysiognomic-symusisl one and tree or grass
savanna may be associated either with compound-leaf or mixed savanns,
eccording to their woody components. Such an association is a relatively
sisple task with the uniform grass layer on the skeletal soils where
gresslanis devoid of woody vegetation mey be presumed to be associates
of the mixed savanna on general ecologic grounds. The task is more
cogplicated or conjectural on level surfaces, where the grass layer
18 nore variable, but in general it can be said that except where the
eltituliral factor is inmvolved, all physiognomic types on wellw-drained
and on the less poorly dreined level surfaces have an affinity with the
coxpound~leaf savanna.

4n affinity of this kind may express two types of succesgional

l'°1"~"i°!18112i-ps: edaphic and anthropogenic and, of course, a combination

!
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of both. A purely edaphic successional, “catenary" sequence of
physiognonic types indicates a gradual change in the nature of edaphic
factors, gensrally due to topogrephy. It is, consequently, associated
peinly with the more variable level surfaces or with transition between
the troad habitats of the two subformations. The anthropogenic

ional e indicates a degree of disturbance or regemeration

el

after cessation of disturbance, and is the main factor of physiognomic
change. Anthropogenic factors may, however, aggravate edaphic 7
conditions and cause physiognomic change indirectly. They can also
cause an extrese deterioration of edaphic conditions which will drastically
affect the rate of succession,

Genetic relationships of vegetation must be, of course, related
to a certain time-scale and a certein, usually macroclimatic,
environmental modality. The assesm&rb of the potentisl vegetation
of the area must, therefore, be undertaken only in relation to
anthropogenic distuctance and its consequences. Within such a frame of
reference, the general impression imparted by the nature of the
vegetation is that in momt cases tree or grass savannas on level surfaces
carrying relatively deep soils, are genetically related to compound
leaf savanna in the sense that given the cessation of human interference,
these rhysiognondc types will revert to compound leaf woodland savama
o even woodland. Apert from purely edaphically conditioned tree and
Eruss savammas, there appear to exiat two mein exceptions to this rule:
level surfaces at relatively high altitudes end thus, perhaps, related

% & different macroclimatic modality, mey have a different potential

e e T e




vegetation; level swfaces on which human interference caused extremes
deterioration of edaphic conditions may have to be related to a different
tine-scale in order to be assessed as having the seme potential vegetation,
i appears, in other words, that on such surfaces tree or grass savamas
will revert to woodland savenna considerably later ihan on other
anthropogenically conditioned level surfaces,

Asgessuent of potential vegetation on slopes with skeletal soils,
is more difficult. The reasons for this are several. As indicated
by the nature of the sub-formation, woody vegetation, in contrast with
the grass layer, is floristically though not ecologically, much more
varisble than on level surfaces. The slope habitat may be interpreted as
constituting a refuge to a great nusber of tolerant wood species which
cammot compete with more stenotopic species in their optimal halitat
on level surfaces, Furthermore, the extreme ecological circumstances
on slopes make the effect of anthropogenic disturbance much more lasting
ani regensration more difficult, It is, consequently, very seldom that
a well-developed woody vegetation occurs on slopes, except under specific
ecological conditions (gullies, outcrops etcs).

It is, however, mainly the vegetetion of well—drained level
surfaces that is relevant to the thesis of the present study since it
is these surPaces which represent the different stages of geomorphic
evolution, Vegetation of slopes and poorly drained valleys will be,

therefore, discussed only briefly.
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I. Acacin savannz communities
Acacla savanns COMMUTL V1S

Well or moderately drained level surfaces are associated with two
proad units of lend surface: upland crests and lowlend interfluves
and pediments. Within each of these, the main ecological habitat factor
arpears to be s0il moisture regime which in many cases transcends 4o
the Limits of broedly defined habitats to produce similarities and
differences of vegetation. While this factor enables us to differentinte
betneen relatively damp or moist and dry hebitats within all major
divisions of enviromment, it is associated with many other edaphic
factors such es depth, reaction, texture and nutrient status. As
observed, the distribution of a single species can, in many cases, be
related to one or several of these factors, but it is the combinations
of all the significant edaphic factors which produces the community in
a natural or derived form. Consequently, the distribution of commmities
coincides with that of the soil series only very broadly depending only
on certain of the soil properties which define serdes. Also, the
significance of a soil property as an ecological factor may be different
from its significance es & criterion in soil taxonomy. Communities may
be siniler on two different soil units if one of their properties such as
reaction, is equivelent, They may differ on a single soil unit, if one
of its properties such es moisture retention, is verisble.

Nevertheless Acacia savennas in the study area are apparently
associated with a broadly uniform edaphic environment whose differentiation

affects them only on a relatively secondary level, Such a uniformity




is reflected in the fact that in most commmities of this subformation,

the tree layer is actually or potentially dominated or characterized

by the common presence of a single species of Acmcia. Acacis gerrardii

VATs gerraxﬂii usually grows in the ares as a 3-12 m. high, white flowered,
gregevious tree and occasionally, where young cr weekly growing, as e

1arge shrub. It bes a viiously shaped cromn tending to be irregular

in tree and grass savannas or where associated with other co-dominant

or subdominent species, and to be umbrella shaped in wooded savennas and
woodland where it is the only tree of dominent status. Very widespreed
in association with it is Acseis hockii, a small tree or shrub,

never found within the area t0 exceed 3 m, in height and usually less

than 2pe It is present in almost all commmnities actually or potentially

dominated by A, gerrardii, ard is very conspicuous with its yellow
flower but is sbundant and occasionally dominant only where other woody
species have been removed, It is not confined however, to Acacia aavanns
conmunities anmi is found ubiquitously on all surfaces including slopes
and poorly drained valleys,.

Differentiation of communities within the Acacia savamna is

consequently, defined by the variation of subdominant trees or shrubs

~hich may be sbundant or merely prominent. It can also be defined by the

veriation of associated grass communities which are, of course, the only

criterion of differentiation in grass savanmas. There are several
cormunities in which A. gerrardii is absent eltogether. Theae are usually
asgociated with habitats with a reedy moisture supply along drainage

lines, or where an altitule-conditioned environment exists.
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A, Acacia gerrardii communities of well-drmined deep soils on level

surfaces.

These communities are prevalent on mid-lowland interfluves, foothill
pedinents end some upland crests. On upland they occur on relatively
rarrow crests, on the periphexy of broad flat cresits or on broad convex
crests whose soils eré moderate in depth and are freely drained. Apart
fron topography they appear also to be limited by altitude, usually
changing into transitional or modified forms above 5400-5500 feet.

The controlling edaphic factors appear to be depth of s0il and
moisture regime as reflected mainly in the measure of acidity and depending
on topography and o some extent lithology amd texture. A climatic factor
seens 10 be involved too in conjunction with the edaphic one since acidity
of the preweathered, mid-lowland soils of the Mawagola Catena is increased
perceptibly in the northern pert of the area where annual rainfall
approaches 40", Within these limits of sufficiently deep soils
with slight to very strong acidity and inadequate capacity for moisture
retention or inadequate moisture supply in the dry seasons, the
communities of this group are predominent. Since these ecological limits
ere prevalent on landforms forming the greater part of the area, the
conmmities of this group are the most typicsl of it, and it is this
Eroup which imparts to the vegetation of the Acacia sevazna its
wiformity,

The woody communities within this group are distinguished here

8ccording to the co~dominant and sub-dominant tree species associated

with A, gerrardii, which in certain ecological complexes may attain

vy
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dominance. However, the group as a whole has a fairly definite flordistic
corposition and variations involve only changes in relative abundance of
components and the associeted physiognomic change, either due to
anthropogenic factors or to a catenary sequence of variants. Differentia-
tion of communities is made difficult by the fact that grass and herb compon-
ents are subject to a different magnitude of ecologic values than tree and
shrub communities and, consequently, certain gress communities may be
comon to several variants or commmities of trees and shrubs while
a single woody layer may be associated with several types of grass layer,
It is, however, significent that the uniformity of the tree layer reflected
in the general dominance of one species and the presence of only very
few co~ or subdorminants is paralleled by the uniformity of the grass ‘
layer, also reflected in the same way. Of course, the ecological ami ;
norphological nature of the life~form dictates a much greater variety 5
on & local scale in the grass layer. This variety is expressed in a
Peichwork pattern of grass stands, where each patch has a different
sequence of abundance involving many species and depending on both very
local and relatively alight edsphic variations and incalculable factors
of dispersal,

There are, consequently, groumds for regarding this group as one
large variable community unified by a common dominant or abundant tree
Secies in the greater part of its area amd by the continuity of the
major grags communities. It is differentiated by subdominance and locel.
ominance of other tree species on the one hand end the absence of

8bdominant trees on the other. It is also differentiated physiognomically




into several types which are related to one or another of the floristic
variantse

According to these criteria of differentiation the group may be
divided into three major umits whose designation has no relevant
significance within the present context; they may be regarded either as
separate communities or as variants of one community. A fourth unit
intimately asgociated with this vegetation complex has a fundamentally
different floristic and physiognomic chearacter. It is composed of
deciduous and evergreen broed leaf tree and shrub species and compound
leaf elements take almost mo part in it. Physiognomically it belongs to
the thicket formation. It is, however, a formation which is restricted
to very special ecological conditions and conseguently occupies a
relatively small area in discontinuous restricted sites, widely dispersed
and contained within the A. gerrardii and other community groups.
Furthermore, most of its components and all those which are dominant and
frequent in it, ere also integrally associsted with these groups without
foraing a well-defined community of their own.

The compunities defined here are represented, therefore, by several
Hiysiognonic types which are assumed to be anthropogenically derived
fron thws. Since grass layer associstes are common to sll the three
communitiss they are trem ted separately., Tsbles and quadrates of sample
stands from each community are presented in the Appendix (II) as is a

detimition of rhysiognomic types, as used in the present study.
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1, Acacis gerrandii - A. hockii community ‘ i ‘
Woodland and anthropogenically derived wooded and tree savanmnas.

foodland usually forms stands of limited area and most of the area
occcupied by this community carries wooded, tree and grass savamnas in
intimate mosaice

A. gerrardii is the only dominent tree in this community amd in
some woodlands forms almost pure stands., In wooded end tree savarmas
4, hockdi is increasingly sbundant in the mmall tree-shrub layer and
is frequently the dominant woody species in open grassland clearings.
Consistent associates of this commmity are brosdleaf shrubs and smsll
trees which tend to congregate in small groups on theedges of dense
stands of shady trees. When occurring singly, in most cases in

relatively diffuse shade of dense stands, they are often weakly developed,

The comnonest and most constant are Grewia trichocarpa, G, mollis, G, simils, L
Teclea trichocarps and Allopbhylus africanus, In open spaces of : ’
woodlend and tree savannas low to medium size brosdleaf trees are often !
singly and widely scattered of which the most common are Maytenus

Scepalensis, Erythrine sbyssinica and Euphorbia cefiehlabrun.

On the wplend crests the community is associated mainly with the

deeper phases of the dsingiro clay-loams or sandy clay-losms but also
¥ith the well-drained phases of the Rugega clay loams which dry out
during the dry seasons. In the lowland it is associated with the
foothill-pedinent loams and sandy loams of the Mbarara Sexies, with some
Associates of the Nawogola Catena - mainly the loamy sands e’!tﬂ the

"Billwash® Series and with the Browd Series of the Koki Catena.
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It appears from these edephic associations that the limiting factors
of the copmunity are mainly depth of soil, base saturation anmd acidity.
The copmunity does not occur where soil depth is less than 2-3 feet,
where base saturation is less than 30% and where pH is below 5.0%. The
mecroclimatic limit is less certain and is apparently modified by edaphic
factors but in general it appears to coincide roughly with the 35* Defte
isohyet. Beyond this limit its distribution is dictated by local
edaphic conditions. No doubt these ecologic limits are controlled by
the ecological valence of the dominant species, although they certainly
do not coincide with it. It would appear that within them A. gerrardii
can exclude, by competition, all other tree specieso

Within these linits the commmity comprises several variants,
differentiated according to the relative proportions of subordinate
wody species but these are doubtfully distinct ani may be anthorpogenically

derived. Several of these are enumerated here:

i. A wooded amd tree savanna in which A, senegal is present in
relatively small numbers but very prominently as large-sized,
10-15 m. high, trees, Appears to be associated with shallower soils
over bedrock and is found, therefore, only on upland. It consequently
nay represent a transitionsl community.
Other varlants are related to changes in the shrub or small tree
layers,

* A &ifferent set of limits is mssociated with heavier end less well
soils, where a similar community exists. See below commmity 8.
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ii, Woodlanl or tree savannas in which Dichrostachys cinersa replaces
A, hockii as a dominant in open areas, or shares dominance with it.
The edaphic associations of this variant are not clear. The
impression is that it is either anthropogenically derived in
overgrazed and heavily eroded areas or related to strongly acid
(£H 5.0-5.5) soils produced by leaching or by a high-grade
areraceous parent material. In the first case Dichrostachys is
dominant, in the second (Mawogola "Medium®) it is co-dominant

with A, hocldi,

iii, Woodlend in which the shrub underatorey contains abundant
Acacia brevispica. Associated with woodland floor in which shade
is combined with proximity of seepage lines at the foot of upland
slopes. Usually on gently sloping pediments of inter-upland
lowland tructs.

ive ¥Woodland and wouded savanna in which the broadleaf shrub understorey
is relatively dense and forms extensive stands. Appears to be
agsociated with interfluva and pediment slopes on soils in which
the subeoil is not compact enough to be impervious and not sandy
enough to be excessively drained producing, therefore, an adequate

retention of moisture derived from upslope.

Ve Wocdlaml and wooded savanna in which A, gerrardii is accompanied

in the tree layer by A. sisberiana, This species, however, although

quite prominent by its size is not abundant and does not ettain




a subdominant status. Occurs in situations transitional to

those of the following community. )

Apart from these variants of which undoubtedly several others exist,
the commmity, as other communities of thin group, is clesrly
differentiated into two types ~ one containing a thicket

connunity and the other devoid of it. Both types occur on wpland
crests and in lowlands tut the former is much more prevalent

in lowlsnds. The discussion of the edaphic associations of

the thicket community is deferred to a later siage.

2, Acacle perrardii ~ A, sieberiana community

This cormunity differs from the previous one only in having

A, siecberiana as co-dominant and occasionally dominant tree species.

The greater size that this species attains in relation to A, germerdii,
+ and the specific sites it tends to occupy, often enhance the impression
of its domirant position despite low abundsnce.

Physiognomically the community is much less frequently disturbed

than the previous one and consequently, does not often appear as a

tree savamma, It never occurs on upland crests and is usually associated

with the interfluve or pediment socils of the lowland. It is associated

tainly with the heavier phases of the Mbarana Series soils, namely silty
loans which are only moderately or slowly drained and are found either

n broad, very level interfluves of arena-like lowlands or in upper

parts of wide valleys, near the uplaml slope. In stands of lesser




extent it is associated with lower parts of steep short pediments which
terminate directly in a swamp or a lake,

Fron the pattern of its distribution in the area it appears that
A, sieberiens has several ecological properties in which it differs from
4, perrerdii. On the one hand it is not 285 limited by depth of soil
cover, probably because of greater capacity of its roots to penstrate
end draw susienance from parent material. On the other hard, it has a
narrow range of tolersnce in relation to so0il texture as reflected in
wisture and pedoclimate regime, being more susceptible to both drying
out of saniy soils and to permanent saturstion of heavy clays. It should
be emphasized that these limits are not ebsolute to the species but only
relative to A, gerrerdii, attaining a dominent or co-dominant status only
where able to compete with it. This occcurs either within the optimal
Umits of the texture-moisture complex, or where A, gerramiii is absent
or weakened by shallow soil or strong acidity. Other limits for
4, sicberiana obtain in regards to other woody species which are
tolerant of even shallower soils and stronger acidity or are more vigorous
within the limits of their own ecologicel optimum,

4, sieberiam, is, therefore, a rather stenotopic spacies and in
consequence the distribution of the commmity in which it competes
succesafully with A. gerrardii is irregular and discontinuous. It is
wost extensive in arena-like lowlands with a relatively subdued relief,
o0 mica-schists, Elsevhere it forms narrow belts on lower gentle slopes

of lowland interfluves of the Mawogola Catena. It is much less

ertensively associated with a typical thicket commmity than is the
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previous conmmity, but where A. sieberiana gains dominance, as in

upper wide valleys, a specific variant of the community develops, in
sssociation with thicket species.

The variant is distinguished by a conspicuously reduced abundance
of A. geMi and by & prominent increase of the thicket components
both in nunbers and in size, Usually they congregate in fairly large
Ms around the base of the large-size A. sieberiana trees, but often

they form smaller groups also in the grassy spaces between them (2i).

3. Acacia gerrsydil -~ Albizia o
Woodland and anthropogenetically derived wooded and tree savanna,

algo florigtically similar to other communities of this group in most
respects save the co-dominant or dominant status of Albizia spp. in
the tree layer. The main species involved is Albizia corisris, tut
A, zygis occurs also, and in leaser numbers - A, adisnthifolia. They
aitain dominance in relation to Acacia gerrardii mainly on crests of
interfluves,

The community occurs mainly on the upper associantes of the
Yawogola sandy and gritty loams but does not occupy the whole area of
these soila., It disappears gradually in the northern part of the
Ishura Iowland, and is repleced southwards by A. gerrardii and thicket
conmmities, The only apparent cause for the presence of this
conmunity, is the increase of annual rainfall, above the 35" b.aslevel,

hich when combined with the very strong acidity of the soils, reduces




the competitive ability of A, gerrardii in relation to Albizia.

There not disturbed the community contains a large proportion of large
size broad-leaf shrubs which, however, do not tend to congregate in
well-defined thicket clumps as they do in the Acacia gerramdii - A. hockii
conmunity nor around the larger trees or as in the A, gerrardii -

4, sieberiana community, but are more dispersed or congregate in smell

groupss

The commmities of the grass layer associated with the group

of woody communities outlined above can be differentiated into two main

{ypes.

as Ihemeds triandra-Cymbopogon afronardus - Hyparrhenias filipendulg

4 variable community predominating in most of the area occupied
by the 4, gerrardii group of tree commmities and with most of the
trangitionsl communities of this group, forming extensive grasslands
or en intimate mosaic of clearings and patches with stends of woody
species in wooded or tree savannas. Its exclusive association with
toderately deep and deep soils, freely or moderately drained, indicates
the anthropogenic derivation through cutting, buming grazing and
cultivation, of the more open physiognomic typese

As obaerved, the dominant status of certain species is reflected

in the area of patches within any stand in which they dominate.

A the three species after which this conmunity wes designated tend
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to dominate a larger area than any other species in all observed stands
throughout the ares. There are only few other grass species which tend
to replace them over relatively small parts of the area. Due to the
intricate patchwork pattern of the grass layer it is Prequently difficult
to sssess the relative position of any one of the three dominants except
by the direct quantitative method, tut the gener.al impression from

seny stands, gained by rough random countings, is that a certain pattern
does exists

A1l three dominants prefer exposed, open, sunny spaces and all

avoid very shallow soils. Themeda triandra is the ususl dominant
species in the drier parts of the arem, again roughly below the
35" p.a. isohyet. Beyond this limit it is apparently dominant only

where soils dry out more excessively, though not in very sandy soils. ;
Cywbopogon afronardus predominates in seversl situations: (1) in patches :
of heavier ani deeper soils probably with better retention of moia)‘!;%'e,

within gragsland dominated by other species, usually on flattened sitea
on slopes or broed seddles, relatively clayey sites on level crests and
shallow small gully heeds on crest-slopes; (2) in overgrazed areas

where bumning was reduced (Langdele-Brown, 1959b) (3) in areas of
increased rainfell (epproximately 40"). Hyperrhenia filipendula appears
10 be more ubiquitous than the others, but within the area only rarely

attaing dominance and then only locally, where both Themeds and Cymbopogon H
are reduced. It forms, however, & consistent subdominant o both of

the other grasses.



The community is divided, therefore, into two main variants
1) Theneds trisndra with Hyparrhenia Pilipendula as subdominant end
Cymbopogon afyonardus as the next most abundant species attaining local
doninance. (ii) Dominated by Cymbopogon afronardus with the same
subdominant and with Themeda trisndra in the third position. Within the
study ares both form a very intimate mosaic contrxolled by the variable
natwre of local disturbance and edsphic factors. In the drier parts of
the area, on the Mbarare sandy loams anil loems, on the southern
Mewogola sendy loass and loamy sands and on the Rugaga and Isingiro
sandy clay loams, the al variant is predominant. To the east and
north, aii gradually gains predominance on the heavier phases of soils,
wiere & more clayey horizon is found at a relatively shellow depth,
zostly on interfluve crests. In the Koki hills area it even dominates

on the clayey shallow slope soils (see also Snowdon, 1953). A

transitional variant in the north of the Ishura Lowland shows intermediate

Testures with Themoda replacing Hyparrhenia filipendula as sub-fominant
on interfluve creats.

As far as has been observed in the area there are two cases in
virch dominance in the grass layer is attained by other species than
the three mentioned, over a more than a local scale and in consistent

essociation with certain edephic circumstances:

al On deep loems, well supplied with moisture, occwrring usually
on the middle slopes of foothill pediments or on gentle

upland crest slopes, large tracts of grassland are dominated
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by Setaria sphacelata with many patches consisting of
almost pure stands of this species but mostly with Themeds

Ariandra and Hyparrhenia filipendila as sub-dominant,

a2 On sandy loams or loamy sands and sands which are also better

supplied with moisture, such as found on exposed upper slopes
of foothill pediments, on valley floors with a sandy overwash,
or on very sandy mid-lowland interfluves in ayeas of higher
rainfall (approaching 40"), very large areas of grassland are
domineted by Hyperrhenia dissolute, with Zhemeda, Hyparrhenis
filipeniula and Cymbopogon afronardus as common associates,

All forns of this community abound in subshrubs and herbs, meny
of then quite large in size, and many very prominent in the émau
layer by the colour of their flowers. The pattern of their distritution
s wt studied very closely since in no case they were found to be
dominant or sub-dominent. The general pattern appears to be mainly
ecological, though undoubtedly & closer investigation would reveal also
geogrephicel patterns., It seems however, that floristic differences
in the composition of herb and sub-ghrub populations are inconspicuous
wihin major habitats and the differences accruing from edaphic factors
&re reflected mainly in physiogmomic features - density and relative
thurdance, Floristic differentistion is apparent mainly where humen
influence is prominent - in segetal and ruderal habitats,




b, Panicum meximum— Brachiaria decumbens ~ Setards kegerensis

4 grass community associated with the shady, relatively moist amd
probably reletively humus-rich aites. It is, consequently, found in
relatively small and diffuse areas unler the shade of trees in wooded
end tree savannas and only under continuous tracts of wood or thicket
it may extend over larger areas. It is a characteristic commumity of
sites where edaphic factors do not, in general, favour retention of
poisture and the relatively moist soil is due to the shade and perhaps,
to soze degree, mlso to greater content of organic metter.

Since it depends on factors controlling a rather limited area, the
grasy stands are usually very dense but tend to thin out the larger
is the gize of the tree and its cromm, merging with other grass
compunities on the periphery of the shaded area. There appears to exist
10 regular pattern of distribution where the community covers larger aress,
except perhaps that Bn&:u-h decumbens seems to be leas dependent on
the shede then the other two species,

Only few variants of this commmity may he discerned, since the
controlling ecological factor is relatively homogeneous and associated
with szall areas. Of the three cbserved two are physiognomic and the
third probably transitional,

i, The nost prevalent variant is associated with isolated trees

and tall shrubs or isclated groups of trees amdl shruba.

It ia very dense where the tree or shrub have a non-spreading

crown; thinner, where the shaded area is wide. The intensity of
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shade also influences the density. In dark shade there is some
concentricity of pattem possibly dependent on decreasing content
of organic mtter and the associated weterholding capacity, towards
the periphery of the shaded erea. Panicum maximum amd Seteria
kogerensis decrease in relative ebundance and Brachisris decumbens
increases. In lighter shade, relative abundance of the former

two species is decreased altogether and their distribution is

more diffuse,

In fact a combination of closely disposed sterds of the Pprevious
variant, in tracts of wodland or thicket, where the ground is
zore or less completely shaded. Dense phases of this varisnt
closely resemble the former one in siting, composition, and
physiognoxy. In more open spaces between trees and groups of
trees, where shade is more diffuse the commmity includes
subordinate elements of the open grasslsni such as Themeda,

Setaria sphacelsta, but mainly Hyperrhenia filipendula and
Chlorig meyana,

The variant, possibly transitionsl to moist-type grass communities,
is floriatically differentinted by the addition of Beckeropsis
lnisets to the dominants, It is particularly typical of pediment
sites nssociated with depositional fans overlaying Mbarare sandy
loess at mouths of small gullies, where density of A. gerrardii

stands increases and a better moisture supply exists. It can be fourd

210 in other sites which have a ready supply of moisture coupled

with less disturbed tree or shrub stands.
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8. pransitional Communities

Apart from transitions within the group of A, gerrardii commmities
and from trensitions, mainly physiognomic, imposed by anthropogenic
factors which did not fundamentally modify edaphic corditions, there
exist three types of communities transitional to other groups:
trangitional to slope communities - i.e. induced by shallower soils;
trangitionsl to moist communities, i.e. induced by better moisture
retention and perhaps, base saturation; iransitional to higher altitude
conmmities i.e. also induced by greater efficiency of moisture supplye.
In ol but the last type of these communities A, gerrardii is dominant
or, at least, abundant indicating that environmental change is not
profound enough to modify the fundamentsl aspect of the tree layer.

It is, however, significant that all these types are more prevalent,

i.e. ~ they occupy & greater proportion of the area of freely or
noderately drained sites, on upland crests than on lowlands. This is
obvious in relation to the first and third types, but is abnormal in
relation to the type transitional to moist-site commmities.

Undoubtedly the sppearmnce of such communities on cresis of the driest
part of the area whose drainage, however broad and level they are, would
not be a8 slow as that in lowland except in very limited areas, poses

2 problenm,

Transitions are never uniform ani consequently the definition
of transitional communities is concerned mainly with trenis of change

or aversges and should be accepted as generalized.

T — s e e e
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4o Acacim gerrardii - A, hockii - Broai-leaf irees communi ty

A wooded or tree savenns associated with shallower soils on slopes ]

of broad crests and on narrow crests or on waste-mass junction with o i

pedinents at foot of upland slopes. Includes two moin variants:

i,  Occurs on upland crest-slopes. Similar Yo d@3jtrubed stands of

1

41 in dominance of A, gerrardii and sbundance of A. hockii,

tut differs in association of a large number of broad-leaf trees

such as Maytenus senegalensis Stereospermun kunthianum Ficus
(ingens) Sapium elliptium, Lannea kerstingii, Maerua lensis,

and also ﬁr‘bﬂa candelabrum. These appear to be associated with

the shallow phases of soil cover or more eroded facets of the

crest slopes, where A, gerrardii camnot compete with them
suwecessfully. These are mainly sandy cleys of the youngest ;
phases of the Iasingiro Series, which are differentiated from the

seletal slope soils of the Kateti Series mainly by a bigh base
saturation, weak acidity and high capacity of moisture retention.
Consequently, the shade of these trees, especially where soils form

deep, moist pockets among rocky outcrops, constitute centres

for groups of tall shrubs of the species usually associated with

the Acacia asavamna (Grewls, Teclea, Allophyllus, Harrisonis, etc.).
Deep pockets of moist soils amlso support young A, sieberiana shrubs,

and on & more even soil cover - Dichrostachys cinerea. |




i1, Occurs at head of foothill pediments. Differs from the former
in the composition of associated broadleaf anl other elements.
0f the broadleaf trees mentioned only Maytemus and Ficus are as
proninent as in the previous variant. Instead, elements typical
of the Mixed savanna take part, mainly - Combi » Albizia and
Bridelia species, and also some broeadleaf elements charecteristic
of the pediments such as Donbeya dawei. The shrub associntes are
less abuniant btut very common,

It seems that the differentiation of this varisnt is
related to the nature of the skeletal soils on lower slopes and
the upper parts of the pediments, which are well-supplied with
roisture but more acid amd poor in bases than the crest slope
soila,

The essociated grass communities are very varisble, being subject to
control of slighter changes in eanpixic factors. A patiern of
comnunities appears in which the main trend is decrease in abundance
of Thesada trianire and Cymbopogon sfronardus and increase of

nia £31i ula, and other gresses. A definition of a community
ia, therefore, applied to & generelized@ approximation of a mosaic

disposed in accordance to edaphic factors.

¢» Eyparthenis filipendula — Loudetis kegTensis communi

The two grasses, while the most conspicuous in the whole tramsition

belt, are not almys the most abundant, and represent dominance at two
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extremes: the most well-developed of the shallow soils and the most
skeletal, In between there are areas and patches in which other grasses,
notebly Brachisria brizantha, Digitaris disgonalis, CyBuogpogon

excavatus and Sporobolus pyremidalis gain local domimnce. In some places

a variety of Hy filipendula (var, pilosa) appears ioc be edapted to

ghellower soils than the usual variety. The distribution of the varients

of this commmity is correlated with the distribution of A, gerrardii

trees, wiere present. The variant domimated by Loudetia kagerensis is,

as & rule, associated with very few trees; that dominated by H. filipendula

is essociated with scattered tree savanna or open wooded savanna.

Gregaricusness of A, gerrardii, even in smell groups, is always associated

vith increased prominence of Themeda. - '
Similerly to the tree layer, the grass commmity is differentiated

between crest-slope and foothill sitea. Grasses like Digitaria

disgaoralis and Cyabopogon excavatus do not ocour on the foothill site

and are replaced by Ctenium concinnum and Andropogon dummeri both

ususlly sub-dominant to Loudetls kegerensis or locally dominant

and like it - typicel of slope grass communities on the Kateti Series

soils, It would appear that the reasons are similar too, with the former

grasses requiring less acid and more base-saturated soils while the

latter are more tolerant of poor and acid slope soils,

de Themeda trisndra-Chloris gayens community

Where the transitional community (4) has been drastically reduced

by human sctivity ani where disturbance factors are currently active,
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extrenes: the most vell-developed of the shallow soils and the most
skelstal. In between there are areas and patches in which other grasses,
motably Brachiarie brisantha, Digitaris diagonalis, CyBmogpogon

excavatus and Sporobolus pyramidalis gain local dominance. In some places

a veriety of He filipendule (var, pilosa) appears to be adapted to

shallower soils than the usual variety. The distribution of the variants
of this community is correlated with the distribution of A, gerrardii
trees, where present. The variant dominated by Loudetia kagerensis is,
as a rule, associated with very few trees; that dominated by H. filipendula
is associated with scatiered tree savanna or open wooded savanns.
Gregariousness of A, gerraxdii, even in smell groups, is alweys sssociated
with increased prominence of Themeda.

Similarly to the tree leyer, the grass commmity is differentiated
tetween crest-slope and foothill sites. Grasses like Digitaria
diagaonalis and Cymbopogon excavatus do not occur on the foothill site
and are replaced by Stenium concimnnum and Andropogon dummeri both
usually sub-dominant to Ioudetia kagerensis or locally dominant
end like it - typical of slope grass communities on the Kateti Series
sils, It would appear that the reasons are similar too, with the former
grasses requiring less acid and more base-saturated scils while the

latter are more tolerant of poor and acid slope soils.

4o Themeda trisndra-Chloris gayans community

Vhere the transitional community (4) has been drastically reduced

7 human activity ami where disturbance factors are currently active,




the shellower phases of the Isingiro humose sandy clay loams, on level
crests, support a grass savenna of few A. gerrardii ani A. hockii trees | l;*’?

or shrubs, and composed of numerous species of grasses. i :

1t differs from the (a) communities mainly in Chlavis geymna S
replacing E enia filipendula as subdominant to Themeda triandrs, '
in the scarcity of Cymbopogon afronardus and the relative ebundance of

Brachiaria decusbens and Setaria sphacelata.
The congregation of all these subordirate species appears to

indicate a better retention of moisture consequent both upon a heavier

texture of soils and a slower drainage.

5.  Acscia gerrendii - Acacis vermoesenii community,

Woodland and wooded, tree end grass savannas derived from ite

Occurs on clays and clay loems of the Rugaga Series, on broad uplani
i crests, It is also found on deep depositional fans on foothill pediments
at mouths of large guliles or small valleys and on raised parts of
flat valley floors, where intermittent inundation is slight and soils

only moderately heavy (sandy clays and clay loams), On upland crests,

the comaunity is usually represented by derived grass and tree savannas |

due to dense settlement and intensive cultivation, with only small areas

of wmodlard and wooded savanna left intact.

In these tracts A, gerrardii is ususily dominant as it is on
lowlard sites of this community. But it is closely subordinated by

A yernoesenii and it ia difficult to judge, in the present state of
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gisturbance, whether dominance of A. gRerrardii is intrinsic or derived

end conditioned by reduced competition of A. vermoesenii. Comparison with
lowland sites in which stands are more intact, is not indicative

since edaphic factors may not be the same. It is possible that under

certain conditions A. vermoesenii may obtain dominanca.

The community is distinguished by the size of the tree components
which pey attein meximel limits of the species (15m. high). Tt also
includes many breadleaf tell shrubs in common with gll the commmities
though, also attaining a larger size than usual. A prominent
pember of the tree layer, also of greater size than ususl, is
Entahds sbyssinica.

The common edaphic factors of the different upland and lowland
sites appear to be the relatively high moisture retention due to texture,
and the relatively high-base saturation. O0f the three main tree
components only A, vermoesenii appears to be limited by a relatively
restricted renge of both these factors. Its ecological distritution
within the area indicates a fairly high lower limit of tase-saturation,
at least 307, end & narrow range of moisture supply; it is found along
dreirage and seepege lines but mot where waterlogging is apt to be
€xcessive or prolonged or where soil texture is very heavy and impervious,
In sddition it appears to be limited by soil depth which is possibly
related to the other factors. A. gerzardii is much more ublguitous as to
woisture corditions and is sble to flourish on shallower soils, tut
15 sinilar to A, vermoesenii ns to base saturation reguirements.

& sbyssinica is apparently able to tolerate a wider range of all
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factors in relation to both species, but is a non-gregarious species

vhich is unable to compete with the others within the limits of their
ecological tolerance, However, these ecological factors effect control
in combination with each other and with other factors amd it seems

that A. vermoesenii, despite its stenotopy, has the sdvantage over the
{0 other fpecies in certain situations. It is not easy to define these
situations since in no cage does A, vermoesenii appear to assert
dominance, But on certain sites it becomes subdominant to another

species while A, gerrardii is reduced to & lower status or is absent
altogether (see commmity 6). Edsphic conditions in these sites irdicate
@ heavier texture than on the uplend crest and depositional fan sites

of the present community but better drainage than in its valley floor
sites. Apparently under such conditions which are optimal to certain
species, their competitive ability in relation to A. gerrerdii is
erhanced, It is possible therefore that where such conliﬁons obtain

in an upland sitc, e.g. ~ where the Rugaga clsy loama include a
mib-topsoil horizon of heavier texture - A, vermoesenii may be potentially
dominant,

¢ Beckeropsis uniseta - Hyparrhenia cymbaris community

4 community of moist but sufficiently drained sites. It is usually
associated with the A, gerrardii - A. vermoesenii tree layer but occurs
1% wder dense woodlard or thicket of the A, gerrandii group on
depositional fans at gully mouths, on footslopes in upland valleys,
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or on lower pediments and along intermittent drminege lines. It is, thus,
a conmmity adapted to 2 more moist habitat than the shade community (b),
depending not only on good retention of moisture tut elso on ready
supply. It is, consequently, more characteristic of lowlard sites of
community 5 than of the upland ones, amd is, thercfore, subject to
a sonewhat different ecologic range with a greater emphasis on the
réady moisture supply.

0f the two main components, B, uniseta appears to be more
widespread outside this ecological range than H baria, especially
in regards to moisture regime. It is found aml can be abundant
under both drier and wetter conditions and seems to be better adapted
to heavier texture of soil. It is however, limited by altitude and is
not observed to be dominant in any community higher than 5500 ft, a.s.l.
Hy cynbaria on the other hand, appears to be restricted to a narrow range
of moisture regime, avoiding both dry and very wet soils, and occurring,
consequently, on lcams or clay loams or on sandy clays which are not
waterlogged in the rainy season. It has, however, a mwh wider
altitulinal range and csapetes guccessfully with B, uniseta at

elevations higher then 5500 ft. 8.s.le

f. Cymbopogon excavetus - Melinis spp. — Beckeropsis uniseta

The comnunity is characteristic of the upland crest sites associated

wth the tree community of A, gerramdii - A. vermoesenii although
in post cages, it forms a grass savamme dus to anthropogenic disturbence,




It is associated, therefore, with the heavier rhases of the Rugaga clay
loamse

The structure of ithe community is variable in the sense that each
of the sbove specles may dominate in certain situations. B, uniseta
appears as dominant only at medium altitwle sites, ixlow 5000 f£t, 8.8.1a,
although it attains local dominance at elevations of up to 5500 £t a.s.l,
C. excavatus tends to dominate between sands 5000 and 5500 ft. a.sele
allied closely with Melinis maitlandii which it, apparently, replaces
as domirant in overgrazed areas. Melinis minutifiors is associated
with M, meitlandii as sub- or co-dominant in areas of Rugaga soils
approaching or exceeding 5500 (t. a.8.10 in elevation,

The conmon edaphic factor of this community appears to be the
begvier texture of the clay loams in the subsoil, That this is the case
is attested by the common association in the conmunity of other grasses
vhich seen 10 be adapted to heevy loams such as Digitaria diagonalis and
more significantly isperata cylindrica. The moist nature of the soils
is attested by the prominence of such grasses as Brachiaria decumens,
msrrhenis cymberis, Chloris gayars anmi Setaria sphacelata, some
of which algo indicate the high base-content of the soils,

The conmmity is therefore typical of moist sites or of transition
' woist sites. It is at the same time typical of transition to high
dltitule, indicated mainly by the predoninant position of Melinis spp,
cspecially L, minutiflora and by the occasional but sigmificant presence
o Exotheca shyssinica, & typical grass of higher altitudes.




0., Hoist-site communities

It is, of course, difficult to assess accurately the measure of
poisturé in different sites without numerous and detailed tasta,
That spplication of the combined edaphic-floristic indicator; usually
adhered to in the present work, may be complicated by exceptions is
evidenced by several examples of ubiquitous species occurring or
dorinating on both wet and dry sites and absent or subordinate in soms
intermediate conditions., A prominent example is that of A, gererdil
which dominates, as observed, the vegetation of well-drained sites
on clay~: » loams and sandy losms or even ligh#er scils but also
forms pure stands on clay-bound valley floors, though apparently not
on such es are heavily inundateds At the same time it is absent or
subordigate at some outlets of upland valleys on foothill pediments,

Clearly, then, of all the ecological factors affecting the distri-
tution of species and formation of communities, the factor of moisture
regime induces the wost varisble response and is, consequently, subject
to the noat detailed grading., The definition of moist, transitional
erd well-drained sites, is, consequently, largely arbitrvary, and
especially a0 since it is difficult to relate it to any consistent
floristic criteria, Therefore, the definition adhered to in the
Present study is employed flexibly and the designation of moist-site
comunities as differentiated from communities on wetter sites and from
those designated as transitional, is epplied mainly on the basis of
doninance and the gregariousness of Acacia polyacantha subsp.

Sazpylacanthe, Commmities in which this species dominates are




associated within the area mainly with foothill pediments either of

the Mbayara sandy loams and loams or the Koki silty or sandy clays,

and rarely extend to valley floorse They appear to be differentisted into
two or three units by annual rainfall and the nature of the 80il, but the
differentiation is weakly defined and involves meny transitional grades

to other communities, cantrolled by the combination of topographic,

edaphic and anthropogenic factors.

6. Acacia polyscantha community

6.4 A wodland ox derived wooded and tree savannas. Occurs in the

drier parts of the area ( < 35" p.a.) on foothill pedinents and is
associated only with heavy loams and alluvial clays deposited at wide
valley-pouths or narrow belts on lower slopes of adjoinming pediments,

A comnon feature of these aé.tes is the abeence of any mseasonal waterlogging
80 that although groundwater level may be relatively high and soil, due

to texture, continuously damp, it is never inundated. On such sites

4. polyoanthe tends to form pure stands with an understorsy shrub layer

of breadlesf shrubs and Acacis brevispica. It is associated usually with
the dispersed variant of shada grass community (bii) but where the canopy
of the tres layer is more patchy and topsoil dries somewhat, a Themeda
Iriandre community is esteblished. Variatidns of this type are associated
with mibtle changes of soil texture amd large or small scale topography

°r else, with degree of anthropogenic disturbance, These are expressed
Tainly in the association of A. vermoesenii in the tree layer and that




of Beckerepsis umiseta in the grass layer. This variation is
consequently transitional both to community 5/4 and to another moist-

hebitat community.

6.2 Wooded and iree savamas occurring in the more rainy parts

of the area {( > 35" pen.) on sandy loams of the Mbarars foothill pediments,
This combination of higher rainfall ami relatively light soils produces

a conmnity in which A, polycantha is associated both with A. gerrardii

and A, vermoesenii. The associated grass lsyer is alsc of a mixed type
comprising the biil shade community with dominance of Beckeropsis uniseta
and Pandcum maximum and aii dominated by Cymbopogon afronarius and

Hyparrhenia filipendula,

643 Wooded and tree savannas occurring in the more reiny part

of the area (D 35" p.a.) on acid silty and sandy clays of the Koki
Catena, on short stesp pediments.  A. polycantha is associated with
Albizia coriavis ard Albizia zygia as subdominants. Acacis gerrardii
occurs conspicuously only on middle slopes of pediments. The associated
grass layer is similar to the one in the previous, 6.2, commumity

¥ith a much greter abundance of Beckeropsis and with the abundant

addition of Imperata cylindirica.

D. Edaphic grass commmities on upland crests

Where uplend crests are narrow and rounded as on many residuals

9r whers level but formed on very resistant lithology such as high
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grade quartzite or massive ironstone anmd also where anthropogenic
disturbence resulted in a very drastic deterioration or original soil
cover, the present soils are often foo shallow and skeletal to support
dense woody vegetation, especially if human interference is contimiing,
These are mostly shellow phases of the Bugambe and Isingiro Series or
soils of the Tolero and Sangs Series, mostly humose sandy or silty loams

or clay loams.

g Themeds triendra-Touietia kagerensis community

The grass savanna compunity supported by these soils merges in
intioate mosaic both with the transitional gress community (c)
donirated by Hyparrhenia filipenduls and the slope grass communities
dnm.imtedb'faudetia kagerensis. ' It is allied with them in many comnon
species characteristic of shallow, akeletal or very poor stony soﬂs
such as Cienium concimum, Andropogon dummeri, Loudetia simplex,
Hyparvhenis dissoluta, Sehins nervosum, Microchloa kunthii and
Sporobolus festivus.

It is, often difficult to separate the communitiss from each other,
since each occurs in mosaic with the others, not only in transitional
belts but also within the area dominated by one of them.

The present community, distinguished by the prominence of Themeda
Iriandre, may ocour on small flattenings of slope such as caused by
sibsidence of waste~mass or by small-gcale lithological differentiation.

It appears that this community is controlled by very slight variations
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grade quertzite or massive ironstone and also where anthropogenic
disturbance resulted in & very drastic deterioration or original soil
cover, the present soils are often too shallow and skeletal to support
dense woody vegetetion, especially if human interference is contiming.
These are mostly shallow phases of the Bugembe and Isingiro Series or
soils of the Tolero and Sanga Series, mostly humose sandy or 8ilty loams
or clay loama.

g Themeda triandra-Toudetia kagerensis commumity

The grass savanna community supported by these soils merges in
intigate mosaic both with the transitional gress community (e)
domirated by Hyparrhenia filipenduls and the slope grass communities
dominate&.‘toudetia kogerensis. It is allied with them in many common
species characteristic of shallow, skeletal or very poor stony soﬁs
such as Ctenium concimum, Andropogon dummeri, Loudetis simplex,
Hyperrhenis dissoluts, Sehime nervosum, Microchloa kunthii amd
Sporobolus festivus.

It is, often difficult to separate the communities from each other,

since each occurs in mosaic with the others, not only in transitional
belts but also within the area dominated by one of them.

The present community, distinguished by the prominence of Themeda
Ariandry, may occur on emall flattenings of slope such es ceused by
subsidence of waste-mass or by small-scale lithological differentiation.

It appears that this community is controlled by very slight variations
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in soil depth but only in combination with some other edaphic factor,
gince soil depth alone does not appear to be detisive, There is a
possibility that this commmity is simply a more disturbed variant,
probably more regularly burned, of the c community, on shallower soils.
The comnunity has a wide altitudinel renge occurring at all
elevations of upland crests in the area. In the higher altitudes
(> 5500 £t a.sele) several indicative species of the highland grass
elenent are added, although never attaining great prominence, such as

Exotheca abyssinica, Ersgrostis blepharoglumis and Hyperrhenia °
pilgeriana,

B. High Altitude commmities

As observed in the discussion of =0ils, the higheat altitudes
in the area, are spparently trensitiomal in nature ani do not enter
fully into the montane or sub-montane belt, The transition is, however,
gradual and is reflected in several altitudinal limits which are
influenced also by edaphic factors and annual reinfall, Elements
characteristic of montane flore appear already at an altitude of
4600 - 4700 £t, a.8.1. but only in azonal situations, such as skeletal
80ils on slopes. On more mature soils they appear at approximately
5000 £t, a.s.1, but attain dominant status in commmities only sbove
5200 ££, a.8.1e The approximate level of 5500 ft. a.s.l. appears to
contribute another altitudinal limit above which additional montane

elezents enter the compoasition of the communities. It appears however,

that the rmture of these communities depends on amnual rainfall and
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the attendant edaphic factors. Where rainfall is relatively low

(< 35") the main floristic features of deep s0il communities still
resenble those of lower communities occurring on such soils at

5000-5500 £+ 8.8.1s Vhere it is higher, new communities arige,

These are still transitional in the sense that they are domirated by

tree and shrub species which are common or even dominant at lower
elevations but in different ecological circumstances. The altitudinal
differentiation is better defined in the grass lsyer but grass communities
are still dominated by specles typical of lower elevations. Tt appears
thet vegetation is affected by altitude not through direct macroclimatic
influence but by the indirect effect of climate on soil = high content

of organic matter, atrong acidity and low base saturation. Such effects
are legs prominent on shallow and skeletal soils on which vegetation
changes more gradually and merges into montane grass communities at higher
elevations {3 5800 = 6000 £t. £.5.1,). Vithin the altitudinal limits
Present in the area the change is expressed by inclusion of montane
elements which become more common but never subdominant (sae above,

commmity g),

7o Acacia sisberiana — Albizia coriaria comnuni ty

Tree savanna occurring on broad or medium crests carrying
Brazpare clays or sandy cleys, mostly in arees of dense settlement and
cultivation, so that no imtact woodland or wooded savamma stands were

obzerved,
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The prominent features of this community are the sbsence or

very subordinate position of A, perrardii, the large size attained by

isclated trees of A. sieberiana and the conspicuous presence of Albizia
on upland crests which ia very rare elsewhere. Associated with them
are Enteda ebyssinica, Acacia hockii several brosdlesf trees usually
ocewrring in the area on slopes such as Combretum gueinzil, Bridelia
(scleroneurvides) and Heerias reticulata and also others, nobably =-

Maytenus senegalensis, Ficus spp. Erythrina abyssinica and Marichamia

platycaly (doubtfully indigenous in the commmnity). Many large broadleaf

shrubg are present also, usually of the same species as in lower level
communities with a greater proportion of Bhus, Capparis and Carissa spp.
and a lesser one of Grewla and Teclea. Occasionally, on slopes of
valley heads, dense thickets of Acenthus arboreus occur, but these

zay be related to communities of upland valleys. It seems that the
edaphic factors which control this community are the heavy texture

of the soil with the congequent retention of moisture and the attendant
strong acidity and low base-seturation. The latter propertiss probably
act a8 deterrents to competitive species, mainly A, gerrardii, more than
&8 incentives to the component species which are tolerant of low-base,
acid soils but require moist sites. The influsnce of these factors

is apparent also in the associated grass communities,

b, ria cymberia - enia_filipendula - Cymbopogon spp.

Occurs on crest summits, crest slopes and broad shallow saddles.

Includes numerous species of which the above are the most sbundant but
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perhaps only locally dominant., It is consequently a variable community

vhose variants are distributed in discontinuous patches of small areas,

deperding epparently on depth, nature of drainage ana degree of leaching
and 2180 on the nature and measure of anthropogenic disturbance,

Several variants of this comrunity can be distinguished,

is On fire-free crest-slopes, where soils are deep but of a lighter
sandy clay or clay loam texture and drainage is somewhat better.

H, cymbavia forms dense high stands, withk Beckeropsis uniseta,

Panicum meximum and Brachiarie decumbens as common associates but

never attaining the subdominant position of Hyparrhenia filipendula
and Cymbopogon efronardus.

i1, Vhere soils are heavier Hyperrhenia filipenduls becomes dominant
with Cymbopogon excavatus and Beckeropsis unisets in subdominant
position. They are associated with Digitarda diangonalis and Melinis
Spp. while Hy cymbaria iz only occasionally present in the taller
stands, The higher altitude element is more conspicuous than in
the former variant represented, apart from Melinis minutiflora, by

Exotheca abyssinice Hyparzhenia pilgerians and Ersgrostis
Dlepharoglumis, Occasionally few individuels of the fprm

Eteridium aquilimm are present.

Hi. On shellower clays and in more disturbed areas Cymbopogon excavatus
is the predominent species but is closely followed by representatives
of the montane element which are more conspicuous here than

elsevhere, especislly Exothecs abyssinica, Melinis spp. and
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Hyparrhenia pilgeriana. Bracken is more abundant too, amd

representatives of shallow soils element such as Loudetia

kagerensis are common.
It gust be emphasized that the whole wmit is defined teratively
for several reasons: nost of the observed stands are situated within
an area of cultivation and are very much disturbed; on relatively
undisturbed sites there appears to exist no definable structure of
floristic composition - 8o that no pattern of dominance end svbordinate
positions emerges; in all cases, stands of this community occupied
small areas and were consistently associated with the Themeda triandra -
loudetin kagerensis community.

However, the edephic, climatic and altitudinal factors enunerated
sbove are well reflected in the general composition of the conmunity,

if not in any structursl pattern.

F«  Communities of Seasonally inundated flat valley floors
The vegetation of flat valley floors can be divided into several
main community-groups according to the degree of inundation,

8.  Where inundation or waterlogging are vexy brief or occasional
{80 not occur yearly), the predominant vegetation is Acacia savanna,
eluost invardiably 4, gerrardii — Themeda trisndram community composed
of alrost pure stands of trees and a very uniform grass layer in which

the dominant speciem forms very extensive tracts of exclusive presence,
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9, i, In the more rainy areas or where aggraded valley floors finger i

into lower parts of upland valleys the commurity is richer in

composition - the tree layer including A. polyecantha

A, sieberians, A. albide, broad leaf trees and shrubs, and the T

gress layer - abundant Hyparrhenia filiperduls and species of i ‘
the shade elements., Ha :]

ii, On gites which are not immdated or waterlogged btut are situated
along a peremnial drainsge line, a special gallery woodlanl is S

formed, consisting of very tall or very large-size Acacias, mostly

A sieberiamn, A, vermoegenii, A, polysmantha, and A. Albida,

tut also A. kirkii var, mildbraedii, Newtonia buchananii, several

urdetermined spp. of Albizia, and many small trees and shrubs
of the thicket element,

10,  Vhere waterlogging or imundation are semsonally prolonged, the

Predominant vegetation is usually a grass savamns in which Themeds v
triandrs is gradually replaced by representatives of the hardy slope element, E
seinly Loudetia Jagerensis and by species adapted to saturated heavy clays

such as Ioperats cylindrice, Digitaria Spoxrobolus Echinochloa spp. etc,

Such aites merge gradually, in a belt pattern, with the aquatic vegetation ’

of swemps or lakes,




u Mixed Savanna Comuunities

As stated the mixed savanns of the area is confined almost
exclusively to slopes of uplend features or to soils of the Kateti
Series whose variety is great but all have the coumon properties of
skeletal slope soils, being very leached, acid and of low base-content.
It appears that it is these properties, especially acidity and rapid
drying out, which condition the composition of the main community of
glopes. It must be noted, however, thet the slope habitat is variable
and being charecterised by merginal ecologic values, it is differentiated
into distinct sites by relatively slight changes of the environment.

Mixed savanna communities are typical of the most extensive of
these - tiat of intergully or spur-crest slopes and in the related
shallow gully habitats Other habitats are occupied by thicket

comnunities,

11. Albizia coriaria - Combretum gueinzii - Bridelis scleroneurcides

Woodland, derived wooded or tree savama. Occurs on exposed and
shallow eroded slope soils, Associated with the dominants are many other
iree and small-tree species of which the most frequent and abundant
are Acacia hockii, Heeria reticulata and Maytenus senegalensis.

A epecinl variant of the commurity occurring in small valleys descending

1o the Orichings and Kagern valleys involves a very considerzble
increase in size and pasition of Bridelia and also local dominance of

__ubizh versicolor which was not observed in any other place in the area.
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fhere the community has been disturbed or entirely denuded by cutting

and burning, A. hockii dominates the pioneer woody community on the slope,
forzing elmost puwre stands. On the other hand, where new shallow

gullies are being formed, the components of the community congregate in
densely wooded ribbons. Throughout its extent the commumity is
interspersed by shrub representatives of the thicket element, which form
connunities of their own in special habitats such as outcrops and narrow
‘deep gullies, Where gullies widen with age representatives of the

mixed savamna community encroach on the thicket and finally gain
dominances

The copmunity is associated very uniformly with one grass

copnunitye
i) ZLoudetis Jmgeversis — Ctenium concinnum — Andropogon dummerd

Qccurs on exposed rocky slopes and on narrow quaz-tzite crests.
Loudetis kagerensis mxh exceeds the two siubdominaents in abundance,
except where flattenings of the slope ensble accumulation of deeper
soils, Where moil accumulates on outcropping, horizontal bedrock
strata, mainly through erosion from upslope, it is very leached and
sour and supports s slope community in which Andropogon dummeri is
dominant, Vhere they form on mass waste, partially through weathering,
they are richer in bases and support the (g) or even (c) communities,
especially if a woody vegetation is established. Under well-preserved,
wized woodland the community includes representatives of the shade

elenent (b) and a larger proportion of species typical of the transitional




(o) and crest (a) communities. These communities replace the slope
copounity in shallow broad gullies which have been demuded of woody

vegetatione

TII  Thicket communities

. As observed, thicket communities are composed of species which
are mostly associated singly or in groups with all savamna communities
vhether compound~leaf or mixed, and form in them s very conspicuous and
charscterizing element, It is often difficult to determine when or
where groupings of these species within the savanne community deserve
to be regarded as differentiated thicket communities, since both criteria
of extent of occupied area and differentiel ecological complexes are not
universally applicable and the thicket units are not always well-defined
physiogﬁolically. Consequently the defirition of thicket communities
in the preaent atuly is applied flexibly according to different criteriae
It is possible, however, to distinguish several types of thicket,
differentiated according to general habitat typs. Only one of them is
floristically well-differentiated from the otlers and even in this case,
the differentiating components are subordinate. However, many thicket
communities were very difficult to study in the circumstances of the
Present £ield work, due to their great density and floristic diversity.
It would have necesitated more time, manpower and equipment than were
évailable to study such a formation in a proper fashion. Conseguently
the impression gained from what was, in fact, only e superficiasl study,

"ay have been deceptive.




12, Thicket-cl commumd.

within the area occupied by savanns communities there exisats
a very widespread and physiognomicelly well-differentiated thicket
copmunity which consists of clumps of thicket vegetation roughly
yound in shape and of limited area, sharply defined from the surrcurding
vegetation and regulerly distributed within it, It occurs both on
lowlaend and on upland crests, tut while it is very widespread and
spparently quite ubiquitous in lowland, its distribution on upland is
limited both by altitude ard by the edaphic pattem. It is entirely
absent from slopese

Its composition reflects that of the broadleaf element of the
level, deep soil savanna communities that surround it, mainly that of
the large-gize shrub element but also of the broadleaf tree element,
with the prominent addition of the Candelabra Tree. No species of those
vhich were observed in it appeared to be specific and absent from the
sevarna communities and those species which dominate it or are common,
such as the Grewis, Teclea, Rhvs, Allophyllus, Harrisonis, Capparls and
Carissa spp, were also the most abundant and frequent in the shrub
elesent of the savanna communities, Fhysiognomically it is very
distimctive, being dense and intertwined by climbers and spiny scandent
shrube (A, brevispica etc,), unless disturbed.

The conmmity is found in two or three main site sssociations:
on termite-mounds and their closest proximity; as regularly distributed

clumps without apparent, direct association with any differentiated

Bite; and in a less well-defined fashion - surrounding large size shady




trees. This latter form appears o represent a more concentrated
form of the ususl groupings of shrubs in the savanna commumities.
1t is parallel to other similar concentrations on sites which are
relatively well-supplied by or retentive of moisture. Of the other,

wuch better defined, forms, that associated with termite-gounds appears
relatively simple to explain. Physical and chemical properties of

zound sokls (Hesse, 1955) indicate a much more favorable moisture

regise than in swrrouwnding soils, especially during the dry seasons.
Consequently, representatives of the thicket element are bvetter eguipped

o compets with the dominant tree species of the surrounding savama

and fo withstand regular burning.* Moreover, once established the

thicket is less subject to human interference in the form of grazing

and cutting and subsequent cultivation, The distribution of the mounds
thengelves is a subject for a special study but sppears, on general
impression, o be primarily related to soil texture and depth (epart

from elevation and macrociimate), being relatively rare on shallow and

sandy solls. It also appears to be related to dreinage being limited,
according to texture, to sites in which waterlogging is interrupted

for a sufficiently prolonged period during the dry seasoms. It is

only on mounds built in seasonaily waterlogged valley floors that

thicket is associnted with Acacias {except for the undemanding and
quickgrowing A, hockii which is widespread in association with mound thicked).

* These considerations epparently apply only to old, inactive mounds where
Sementing and build-up no longer continue. It is an unresolved question
®iether termite activity is as intensive umder the present edaphic and
olimatic conditions of the area, as it fomerly was and still appears

% be in other parts of the region.




It is the thicket clumps which are not associated with termite~
zounds thet pose difficulties of interpretation. There is no apoarent

ecological reason for their sharp differentiation from the surrcunding
savanna. There are, however, several facts of circumstantial evidence
which may point to the nature of these clumps. Vhere associated with the
Acacia savanna, thicket-clumps are usually found where termite-mounis

in various degrees of degradation, also exist; their spaced pattern

and circular delineation persllels those of termite mounds but they are
rever found where termite mounds occur on seasonally waterlogged soils.
They uauall& differ from the termite mound thickets in being of larger
size, lesger density and poorer floristic composition. The examination
of thickets on progressively degraded mounds indicates a gradual
developzent of the same tremds, It would appear, therefore, that thicket
clumps represent a late stage in the degradation of termite mounds,
mainfaining itself either on the still existing remnants of the special
edaphic habitat or through the creation of a specific moisture regime

by the virtue of the physiognowic nature of the communitye The
tendency of representatives of the thicket element to congregate in
groups suggeats that a dense thicket community is developed in a
progressive succession around an imitial nucleus of a tree or some of

it more hardy representatives, Degradation of the termite-mound site

ia correlated with a regressive succession of the thicket. The thicket
clump stage is et times difficult to differentiate from the last stages

of noumnd degradation and represents, possibly, the last stage at which

hwan interference 1s still prevented by the density of the stand.
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13, Thicket sevanna communi £y

This comgunity is included within the thicket group mainly on
floristic grounds, since physiognomically it resesbles woodland or
wooded savanna, end differs from the Acacia savamna mainly in having its
tree layer composed of large-aize representatives of the thicket element,
Tt is associated with a well—develope‘d shrub layer of the same element
and of A bockii and Dichrostachys cinerea. The tres and shrub layer
tend to congregate in denser groups than in Acacia savarma but are much
more dispersed than in the thicket clumps. As waa obaerved, this
community is essociated with a grass layer representing a variant of
the shade community (bii). No termite mounds are associated with it
sndl ssveral species characteristic of the previous community, notably
the Candelabra Tree and Harrisonia sbyssinica are either sbsent or very
rare in it,

The community occurs on interfluve crests of mid-lowland dry areas
(< 35" pes,) mainly in the Ishura Lowland, and consequently, with the
"erest® or "medium" series of the Mawogola sandy clay loams and clay
loams which are strongly acid anmi of a low base saturation. As stated,
similar sites and soils to the northwards are occupied by a compowmd
leaf savanna in which Albizia takes @ predominant part and the only
aprerent differentiating factor seems to be a higher rainfall, inducing

& even stronger aciditye.
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14, Thickst copmunity on perennially wet drainage lines

This is a lowland community which is little differentiated in
floristic composition from the previous thicket commmities except
in the deletion of species adapted to drier conditians (Buphorbia
cenlelsbnm, Harrisonia abyssinica) the relative increase of some
species (Capparis, Carissa spp) and the inclusion of certein new species
(e.g. Flueggea, Syzygium, etc.) It is however, very pronmunced
physiognonically within the savanna lamiscape, attaining great density
and relative height,

It is characteristic of stream and swamp banks which are not
excessively immdated and its extent depends on the slope of the bank,
s0 that on relatively flat banks raised above the incised siream it may
forn quite extensive belts,

15« Thicket community ofi slopes

This community is associated with two types of site: along
rocky outerops, and in deep narrow gullies. It is similar in essential
composition to other thicket commmities but contains a considersble
proportion of tree and shrub species of slope and transitional elements
(Albizla, Combretum, Heeria, Ficus, Maytemus, Bridelia, Stercospermun,
Papces etc.). Vhere outcrop end desp-gully sites are combined,
composition is usually more veried and includes a greater proportion of
Weoazon species (Anona, Lannea etc.) A variant of this community occurs
along inciseq gully extensions on pediment slopes where associated with

the thicket are representatives of the Acucia savanna element.




46, Thicket community in uplend valleys

The community combines features of slope and wet drainage line
thickets with the addition of a specific element. Of this, the most

prominent representatives are the Acanthus srboreus shrub which fomms

extonsive dense thickets in a post-disturbance auccéssion and Protes
padiensis and Gardenia jovis-tonantis, which are especially abundant

where the thicket has been disturbed on arenaceous slopes and the
resultant soils are especially thin, acid and impoverished, Narkhamia
pletycalyx is frequent in the deeper soils of the valley floors and may
be a forest climax remnant, though in the more settled areas it mey be
planted since it is widely used in building = carpentry. A. brevispica
vhich is absent from slope thickets is frequently present in valley floor
thickets. There is no prominent change in composition of the thicket
with altitude except perhaps in the addition of some species which are
ot as common at lower eltitudes (Rhus vulgaris, Bersama sbyssinica
etcs). In some areas (e.g. upper Muhurubuld Valley) the thicket is quite
dense, continuous and well-developed, covering even part of the crests

of flanking ridges and may represent a climex or a sub-climax stage.
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The Pattem of Vegetation

The study of the vegetation pattern in reletionship to the

geonorphic features of the area, was confined to more or less level
surfaces (angle of slope € 10°%) carrying deep (> 2-3 £t.) soils with
wimpeded drainage. It was considered that on slopes and in eroding or
sggraded valleys specific conditions obtain which tend to obscure the
effect of geomorphic differentiation. Thie view is reflected alse in the L

treatwent of the subject of the present study in the previous chapterse

The ecological nature of the study area : ;

Very little is known directly of the ecology of the different plents
wiich compose tlic vegetation of the area. Most of what is known is only
in general terms concerning, mostly, the approximate climatic limits and
the generel nature of the most frequent habitats. Consequently, the ' i

ecologi¢al relationships of the vegetation had to be deduced from the

distritutional and phytosociological features of the various components.

Howvever, for such an ecological assessuent to be accurate, detailed data

of ecologicel factors are necessary. Such data are only partielly
evailsble especially in regards to macromicroclimetic factors. More

data are available concerning soil, but this is also only in regards

% generalized soil types and untts and selected edaphic factors. It
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a8 necessary, on the basis of this available material, to formulate
sone concept of the variable ecological nature of the aren.

The formulation of such a concept necessarily involves an attempt
at reduction of the intricate complex of factors into the smallest
possible nmber of criteria which will have a general applicability within
the investigated envirommental frame. A reduction of this kind is based
on the principle that many of the ecological factors are intexrdependent
or produce combined effects and, consequently, several factors may be
expressed by a single one,

The decisive role of moisture in the ecological relatiénships
within the area can be easily recognized, and more pronouncedly so . It
in ifs edapbic than in its macroclimatic aspects. This is understandabls !

i

since the area was chosen and delimited to be clinatically uniform as /

far as possible, Nevertheless, even with the paucity of available data R

on clinatic differentiation within the area, at least one climatic limit
appears ic be reflected in the vegetation - the 35" p.a. isohyet.

0f the other environmental factors which affect moisture, no quentitative
data is available and only a general quelitetive assessment can be made

of some of them. It was reasoned that the ecological effect of the

moisture regime is determined meinly by two values - the retention

capacity of the soil and the extraneous supply. Of all the factors i
¥idch affect the retentive capacity of soils, or the balance between i
5ply and drainage, only rough estimates of soil texture amd

topography are available, while supply of moisture can be assessed i

only according to amount of reinfall and categories of lateral supply.
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14 was thought, therefore, that the closest approximation of moisture
conditions that could be achieved is in the form of a graded relative
séale.

Similar considerations were applied to what appeared to be a
subordinate set of available factors - the chemicel properties of the
soils. Of these, as vas deduced from the few sites from which
quantitative values were availsble, the most important, both as ecological
controls and as expressions of interdependence and effect of other
factors, are soil reaction and base saturation. No doubt, in many
ecological complexes these factors are interdependent among themselves
end with the moisture factor. But as can be seen from the data of sample
analyses, presented in the preceding chapter, the effect of moisture
regime is modified by the intrinsic properties of the soil which also
affect the dependence of soil reaction on base saturation.

However, while chemical factors are available in quantifative
dsta, evaluation of moisture regime muat be largely o matter of
assessment. Since not even the simplest postulated ecological complex
will be applicable without this factor, it is necessery to equate the
wisture and the chemical factors by a common denominator of a graded
relative scale,

The ecological evaluation of the various nmatural situations in
the area ig consequently constructed on the basis of these two factors:
Boisture regime and chemical properties of the soil as expressed by

reaction and base saturation. It consists of a scale of relative




grades of each of these factors, envisaged in combination with that of

the othere
The grade-scele of the moisture factor is based on the following

inductive formulas

texture

Sre .+ mistwe swrly) | L

woisture factor (regime) = grade (

The assessed relative grades of the members of the formula are as

follows: ] 1 +H i

texture Ao grade Slope (< 10°%) B. grade 1 ‘,L
sends, loagy sands and 1 0-13° 1 .
gritty loaxs 3 :
sandy loams 2 3 - 6° 2 4 ;——
e et e 3 6 - 90 3 A
. clay losms and clays L '
Al t
Sz:;m 4/B grade
<1 1 Loy
1 2 ‘ !
1-2 3 o
o !
22 4 o

e
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Yoisture Supply c Moisture factor ]’

Grade -
<35" p.a. 3 350 I
Grade c :

SOURCE OF SUPELY mde (4B + ©) o
reinfall 1 2-3 1]
+ slope Teinfall 2 L "

+ gilly + slope 3 5
+ lerge gully  + gully 4 6 7 4]
or valley 7
+ large
gully or |
valley 5 8-9 : ;
B i .

4 siniler procedure was applied to data on reaction and base : ;

e

saturation in order to equate them with the moisture factor. z

g e e

: D. E ;
Beaction (pH) grade base satumtion % grade ‘
“ 45 ~ 5,0 1 <20 1 : !

5u1 = 5,5 2 20-30 2 . :

546 - 6,0 3 30-40 3 ; !

61 = 6,5 L L0-50 & 1 r i

56 = 7.3 5 > 50 5 ; L

— } !

The a3dition of the assigned grades of these two factors produces l

& sikllar scale ag thet of the moisture factor,
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The combination of the two scales can be constructed as an ecological :
Quadrete which must represent the possible ecological complexes 3 |
of the ares within the fraze of the availsble date, since it comprises 11 ,
a1l the essessed values existing within the ares (Pig. 40 ). I
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The ecological relationships of dominant s cies and elements

A pattern of vegetation a§ reflected in the distribution of distingt
conmunities is produced basically by the ecological valence and
differentisl efficiency of the dominant and subdominant species or
elementa, and can be generalized, in the absence of accurate ecologicgl
data, into a rational comprehensive outline, only if an assessment ig
zede of these attributes in relation to each of these species or
elements,

Suwh an assesswent wes attempted in the present study, by the means
of the ecological quadrete described above. For the purpose, the
level landforms of the area which carry deep soils with unimpeded
drairege, were diagnosed according to the available pedological and
clinatic data and classified into the thirty~-six ecological complexes
depicted by the quadrate, VWhere no direct pedological evidence was
avilable, the ecologicel mature of the landform was Judged by
cozpariaen to similar landforms and according 4o general climetic and
geonorphic features, In this Wy, these landforms were ecologically
defined without reference to vegetation. It was fou:;a that two of the
complexes do not fit into any ecologic situation on level surfaces
vith uninpedeq drainage, tut do so in relation to certain slope and
begreded valley sites. Five dominant or subdominent tree species and
%2 %00dy elenent - (thicket) - were selected as the most rrevalent
8l cheracterigtie components of the vegetation, and the distribution

o each, according to three categories of phytosociological

oy
1
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relptionships, was checked against each of the ecological complexes.
The pettern that emerged (Fig.40o) shows a rationsl regularity

of general structure although some of the details are difficult to

explain, probebly due to absence of sufficient data. It can be seen

that 4. gexrardii, the most widespread dominant species of the area,

i limited in its distribution both by low values of the chemical factor

and by high values of the moisture factor. At the same time it is

evident that thie limitation is relative, since the species is found

1o be exclusively dominant on waterlogged valley floors (complex

8-9/6-10) and to be subdominant or common where the chemical factor

is at its lowest value (complex 4/2-3). It would seem, consequently,

that its absence or infrequency are not due to transgression of

sbsolute limits of the ecologicsl velence, but rather to weakening

of competitive capecity under these conditions. This is evidenced

by the several grades of phytosociological status of the species

changing from exclusive dominance in the tree layer where the combination

of low moisture and high chemical factor cccurs, to subdominance in the

wré mist, acid and base-poor complexes. This generel tendency is

complicated both by the interaction of factors and by the availability

of competing species. Thus, A, germardii appears to be sble to exert

exclugive dominance (with no attendant subdominant trees) under fairly

mist conditions (m.f. ~ 5-6) if the ncidity is not too sirong and

base-gaturation not too low (ch.f. > 5). On the other hand it is still

exclugively dominant on a fairly acid and base-poor soil (ch. f.:45)

if the site 35 too dry (m.f. € 5) to emable other species to compste
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(S vith it. The chemical factor appears to be more limiting than the
soisture factor since, as observed, the species is at least subdominant
or cozpon under the highedt moisture values as long as the chemical
i fachor exceeds the value of 4, and where this factor is of lower value
it occurs, in any phytosocioclogical status, only wiere the moisture
factor is € 64

A. sicberiena has a much narrower ecological range. It is

restricted both by low ( €5) and high (> 6) moisture factor values,

and eppears 2lso to be restricted by a high { » 5) value of the

chepieal factor. It is exclusively dominant in the tree layer only

in one ecological complex (6/4) i.e., under conditions of mediwm

moisture values and low chemical values. Apparently it is only under
these conditions that the species competes successfully, to the

exclugion of all other iree species. At lower moisture values it is
either attended by a subdominant (A. gemﬁii) or is only a co-dominant
(with Albizia) whilc at higher chemicel values it is reduced to
subdominent status. It appears, conssquently, that within these

narrow limits, the moisture factor is more decisively limiting than

the chemical one, since beyond the moisture limits of dominance (5-6)

the species is abaent altogether or is infrequent, while being still

sub-domirant or common beyond the chemical limits of dominance (4).
A, vermoesenii is adapted to better moisture and higher chemical
ST £ velues than both of 4he previous species. It is rresent in a prominent

Phytosociological atatus only where the moisture factor is > 6 and




shere the chemical factor is > 3. It attains dominance, although
pever exclusive, where the moisture factor is > 7 and the chemicel
factor > 5o A, polyacanths clearly requires even better moisture
conditions but can compete with A, vermoesenii and attain both exclusive
and attenied dominsnce where the chemicel factor ia < 5, It is
limited, epperently, also by drainage and beyond a certain limit of
impediment which is usually associated with higher base-saturation and
lower scidity (> 6), it is either gbsent or infrequent., Albizia
on the other hand, sppears to represent an extraneous element on level
surfaces. It attains a dominant or co-dominant status only on very
acid, base-poor and rapidly drying soils and only where annual rainfall
exceeds 35", Vhere rainfall is lower it is dominant or co-dominant only
on slopes. It is, thus, possible that Albizia species mainly
A, coriaria, are adapted better ihan any other of the five tree species
to rapid utilization of moisture supply and can, consequently, withstand
& low retention capacity of the soils. Where this capacity is higher
1% bas 4o share its dominant status or be reduced to a sub-dominant
one, either with A, sieberisma, where soils are acid and poor in bases
{enifs € &) or with A, gerrardii where it is less acid and richer
in bases (ch, £. 2 4)s

The thicket element occupies a specisl position in this complex
of rdationships, since it uswally forms fae shrub layer and, therefore,
has g lesser degree of competitive relationships with the tree speciess
Yoreover, in many cases it appears to be dspendent not only directly

on the physiochemical aspect of the ecological complex, but also

[E—— — e
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smdirectly - on the biotic environment as conditioned by the tree layer.
In the present case, its ecologicel reletionships appear to be of
significance mainly due to the fact that it is regarded as the dominant
element of the potentiel climax-type in most of the level landforms in

the ared.

Thicket attains exclusive dominance in only two ecclogicel
conplexes: one represents termite-mounds which ere distinguished,
chemically, by & very high base content and neutral reaction (Besse,
1955), and the secord ~ cley loams formed from pre-weathered materiel
on interfluve cresis in the <& 35" p.a. rainfall area, and which are

chemicelly éistinguished by very strong scidity and poor base saturation.

It is interesting to note that both complexes have the same measure

of moisture factor (6) and represent extremes of the chemical factor.
The abundance of the thicket element lessens gradually both with
greater anl smaller values of the moisture factor end are virtually
ebsent on waterlogged sites and on shallow soils of dry slopes

(except where specific moisture conditions obtain, as along outcrops
ard drainage lines). Generally it appears therefore, that the thicket

element finds its ecologic optimum in a certain intermediate range of

moisture and is relatively indifferent to the chemical status of the

s0il, The fact that it is not dominant in this moisture range except

were chemical conditions are extreme, indlicates its inability to
compete with tree species where conditions for their growth become

zore favourable,

i % SRS U S ; Aoty
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1% eppears to the writer, that these facts of ecological
gistribution of the thicket element have bearing on ons of the
fundanental protlems of tropical vegetation, namely - the ability
of lower life-forms to compete with higher ones end either attain an
equilibrium with them and form a mixed climax or overcome them and
produce & single life-form climax. The problen is closely associated
with that of the nature of the savannas and appears to be one of the
rajor reasons for doubts as fo their genetic nature. The impression
geined by the writer and the opinion deduced from the ecological
distribution of plants in the area, is that comparison of the
herbaceous anl woody life-forms is deceptive. Grasses ere subject
%o an entirely different scale and scope of ecological values and
do not compete with woody vegetation. Their association in a savamna
does mot signify, therefore, & state of equilibrium with a higher
life forw but the exploitation of & distinct ecological niche. The
savanna may represent, therefore, & climatic climax of more or less
open woods with stends of grass between the trees, exploiting a
different goil stretum in a different measure.

The relations between thicket shrubs and trees are presumably on
2 &ifferent level, both representing woody life-forms and at least
rertially competitive. It would appear that thicket shrubs, representing,
in genernl, a lower life-form, would not be able to compste with trees
witre conditions are equally favoursble to both, although they will

be capsble of forming a dense understorey. This is, as observed,




jndicated by the ecological patiern of thicket distribution in the

ares which shows that generally the thicket element representatives

are unsble to compete with dominant tree species except where their
ecological optimm coincides with the relative pessimm of the tree
speciess This appears to put in doubt the concept of a thicket climax
in the erea. The evidence of ecological distribution and phytosociological
structure under the environmental conditions of the area, suggests that
thicket as composed within the ares, is subordinate to a more

@ ent Acecia woodlend or savamna climex type. Certainly, under
different ecological circumstances such as a non-equatorial climate

of the gare rainfall range, a thicket element of similar composition
my have a greater competitive potential, perhaps due to lesser
dependence on even annual distribution of wmoisture supply (deeper

root system?) and constitute the climax type. Wherever in Ugands

a thicket formetion is the dominent vegetation form at present, i.e.
where it is not dispersed and physiognomically subordinate to savanne
as it :‘.s-in the study area, tbe associnted ecological complex

comprises a lower moisture factor than that which appears to limit

the thicket in the area, either due to lower rainfall or to lighter
texture of the soil, Furthermore, comtrary to Langdale-Brown's
dsfinition of the thicket in the area as Deciduous, it appears to be,
both floristically emd ecologically, semi-evergreen and, thus, different

fron the thicket formation in the drier perts of Ugenda.
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vgget&tion, goil units and surfaces

The pattern of dominant species or elemen;;a on the ecologic
quadra‘b, lends itself to comparison with the pattern of communities
a8 determined by the method described and as outlined above, ard a
pattern of ecological complex—community associaticn can be outlined.
This enables the grouping of the complexes according to site-types and
lendforns which can be further classified according to moisture habitet
types, general rainfall regions and altitulinal levels (Fig.40d;
Fig.4)

The resulting disgrem is, of course, a product of generalization
in which certain details of vegetation and soil patterns may be obscured,
tut it does achieve a pattern of correlation between the elements of

vegetation and those of soils, geomorphological features and surfaces.

Seversl facts emerge from this pettern.

i, The communities of the area can be classified eccording to their
surface relationships into four groups:
2, Communities restricted to the Rwampara surface:
1 tree and 1 grass congunity

b, Communities restricted to the Gayaza + broad crests of

the Sanga Surface: a grass commumity and variant of a tree
commurd, ty .

c. Communities restricted to the Lowland Surface -
I tree (or 3 variants), 1 grass commmity (or 2 veriants)

ard 1 thicket commundtye.

!
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d. Communities common to the Lowlard and Gayaza + Sanga

Surfaces: 2 tree and 2 grass commmities (2 variants).

The grass communities restricted to uplamd surfaces are wholly
or partially differestiated due to presence of species whose
distribution is characterized either by ; wide altitudinal range
or by a montane or submontane range. Since grass communities,

in contrast to tree communities, are subject to some degree of
altitudinal control, their correlation with the historical aspect
of geomorphic swrfaces is of relatively small significance and

it is meinly the tree communities that should be examined for a
rattern of correlation. There is, however, only one well-defined
tree community whose distribution is restricted to upland

surfaces,

The 4, sieberiena ~ Albizia tree community (no. 7) found on
the deepe.r 80ils of the Rwampara surface is controlled, as can
be seen fron the ecological quadrate (Figt%) by a moderate
moisture fector amd a very low chemical factor. The value of
the zoisture factor is produced by heavy texture and higher
Tainfall, modified by prevalence of relatively high angles of
slope and the absence of considerable lateral asupply (free
drainage). The chemical factor is, no doubt, determined by

the moisture regime which with other edaphic factors, mainly

content and decomposition of organic matter, are at least
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pertially controlled by altitude., That effect of altitude on
vegetation is not direct but realized indirectly through the soil,
is evidence by the fact that the dominant species affiliate the
copmunity with lowland communities of similar ecological complexes.
The meture of the community is, thus, controlled by soil that has
been modified by altitudinal influences and, consequently, does mot
reflect significantly the geomorphic nature of the surface except
in the sense that altitudinal influences could bte exerted in a
considerable messure only on the most uplifted surface, i,e, the

oldest one,

Communities which are restricted to the Lowland surfaces
(2,3,6,13) are all confined to several distinct landforms and

site -t',ypes. In the drier part of the area they are foumd only

on interfluves, whether mid-lowland or periperhial. In the

zore hunid part, they are found also on pediments. The common
ecologic feature of these sites and landforms are the very low

or low chemical factor velues expressing both strong acidity and
low bese-saturation., Within these chemical limits the commumnities
ars differentiated according to the moisture factor. Only where
velue of the moisture factor are very high - in moist habitats, are
these commmnities associated with moderate chemical values, and
that only in the drier part of the area,

Except for the Presence in a reatricted area of upland crests,

o
of variant (11i) specific to the Geyaza Surface, which is of




doubtful correlative significance, the ornly woody communities
occurring on this Surface are also found in lowlands. Consequently,
the general impression gained in the area is thet vegetation has
a greater measure of correlation with individual landforms and.
site-types than with the surfaces as differentiated by geomorphic
evolution, However, this impression is accurate only in general
terss and mainly in the sense that the nature and distribution
of vegetation are correlated with swrfaces only indirectly, through
the nature of the soils or the ecological complexes conditianed by
the surface. It is also correct in the sense that vegetation is,
on the whole, a product of contemporary environment, and is a much
shorter-tera natural phenomenon than soils. It camot, therefore,
be expected to correlate with the age of the surface unless the age
is reflected in the nature of the present environment. That it
is not reflected in the soil, which is the most conservative
element of the ecological environment, was shown in the preceding
chapter and is evidenced by the fact that communities are
comzon to the younger anmd older surfaces.,

Nevertheleas, if correlation is sought not with the age
of the surface but with the contemporary environment conditioned by
it, several aspects of vegetation must be noted. Although there
is no significent floristic or phytosociological differentiation
between stands of the same comnmunities on upland and lowland

surfaces, there is a noticeable difference in their physiognomy.

This is evident meinly in the least disturbed stands amd is
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expressed in the consistence on the upland surfaces of greater
density of vegetation within equivalent moisture habitat types
and more vigorous growth within the Qifferent species. This is
the first observationsl fact that is noted in the survey of the
area's vegetation and it is only when florisbic amd phytosecciologic

features are examined, that the impression of uniformity is geined.

It is also evident from the disgram that of the two tree
communities (1,5) that are common to the Geysza and Lowland
Surfaces, one ~ that dominated by A, gerraxdii, is relatively
widespread and eurytopic, associated with as many as five complex
groups involving fifteen of the thirty six ecological complexes,
The other, in which A, gerrerdii is associated with A. vermoesenii,
involves only two groups anmd five complexes. It is significant
that all of these express high moisture ani moderate to high
chezical factors. This is to be expected in the lowland site~type
with which this community is associated, i.es - at mouths of small
velleys where lateral supply of moisture and dissolved bases is
reletively abundent. It is, hewever, an aberrant phenomenon on
crests, even if broad, where the only moisture supply is through
rainfell in the driest part of the area, and where average angles
of slopes are certain o be higher and drainage more free. Ths
high moisture factor is, consequently, meinly due to the heavy
texture of the soil and the high chemical factor is mainly due

to its intringically high bese content. The extraordinary nature
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of this phenomenon is brought into greater prominence if the

relative areas of the surfaces occupied by this community are

compared. On the Gayaza and part of the adjoining Sanga Surfaces

this community is associated exclusively with Rugage Series soils Ll *
which occupy roughly 30-40% or more of the Gaymza (+ Rwampara residuals)
Surfece, on upland blocks. Samples of valley mouth sites occupied

by this commmity form no more than 10-20% of the ares of the

! : 41‘,‘ ‘

ad joining pediments alone. There iz no doubt, consequently, thet

this community of A, gerrardii ~ A, vermossenii occurs on the

Lowlend surface only on topographically favoured sites amd in m

very restricted area. It is, on the other hand, widespread and

characteristic of the Gayaza and pert of the Sanga Surfaces not i
because of specially favoured topographic circumstances but dus "
to intringic qualities of the esssociated soils. To this extent sy b

there is a clear correlation between this community ani the naturs

o

of the swrfece, :

7+ . The other tree community, which is common to both curfaces, is
doninated exclusively by A, gerrardii, and, as observed, is

relativily eurytopic. But a closer examination of its

distributional pattern, shows that it also has definite limitationa.

i

On the upland surface it is essociated with the deeper phases P

) . F

of the Isingiro soils which are much drier than the Rugaga soils S
bns

3

{

(m.2, 2-4), being more sandy and shallow, but possess a high ;
B 1]
. !
R content of bases (ch, £. - 7-10) (Fig.40d; complex group 14). :
!




On the lowland surface it is associated mainly with the Mbarara
Series which represents soils developed on foothill pediments

or on relatively young interfluves. They are atill in a state

of active psdogenesis and consequently endowed with a considerable
amount of bese nutrients, producing a moderate to high value of
the chemical factor, Both this factor and the moisture factor
depend on the nature of the site bub in all cases they are never
chenically poor (ch. fa D 4) or very moist (mefe €7)e In one
complext~group this commmity is found on soils of the Mawogola
type, which are developed on deeply leached and weathered parent
material, but there it is associated only with a certain site-type
(2ower slope) and & certain member of the catena ("Hi1lwagh®)

in which a lateral supply of dissolved bases produces the suiteble
ecological circumstances. I% can be seen, therefore, that the
link between the surfaces that is provided by this relatively
ubiquitous community is conditioned by a certsin range of the
ecological environment embracing ecological complexes occurring
on both surfaces. In both cases these complexes are associasted
with the younger soils of the surface. On the upland surface
vhere the aoils are chenically favourable the community is
linited, competitively, by lesser dessication during the dry
season. In the lowland it is limited by low base saturation and

atrong acidity,




Conclusions as to the Nature and Distribution

of Vegetation

Succegsionel and Formational Considerations

1. An analysis of grass and tree savanns and grass comnmunities
distribution on deep soils with unimpeded drainage, reveals that in

most cases grass communities which dominate the gress savanna are also
found in association with wooded savanna or woodlands, in which

certein tree commmities dominate. Tt also reveals that the ecologicel
conplexes with which grass commmities are associated on these soils
glways support also certain woody communities. There is, therefore,

no reason to assume that grass and tree savannas are corditioned by
climatic or edephic circumstances and it is likely that they are derived
formations, induced by direct or indirect human interfexrwnce. There

are grounds for believing that with cessation of interference, grass and
tree savanna will revert gradually to wooded savanna or woodland.

The sitvation is, of course, different where soils are shallow or
weterlogged during the yeer, but where shallowness is dus fo denudation
following human interference, reversion to wooded savanna or woodlsnd

my occur, although it will be much retarded in comparison to succesaion

on undisturbed soils,
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2, As observed, the evidence concerning the distribution and

the ecological relationships of the thicket element does not support the
suggestions of 2 thicket climax-type for the area. It is considered

that components of this element are probably phytosociologicelly important
in the structure of the area's potential vegetation, especially where

it is a wooded savama, but that under the range of wdisture regime

that obtains in the area, they may form a clinax-typs community only in
certain ecological situations, where availsble tree species ere excluded.
It is also considered that the differentiation of thicket vegetation

in the ares does not attain a sub-formetional level, as indicated by

the sajoi. and most frequent components. While deciduous components

eve constantly associated with the thicket element, especially in the
lowland, tke post frequent ones are evergreen, so that even in the driest

part of the area the thicket is better designated as semi-evergreen

than deciduous.

3  Contemporary wody vegetation of deep soils at elevations

exceeding 5500 = 5600 ft. n.s.l. is represented by two main physiognomic=
floristic types. One is largely composed of thicket vegetation in

vhich evergreen species are present in greater proportion than lower
domn, end is mssociated with Albizie tree sppe; the other - typical

of the gore disturbed vegotation - is a tree or grass savama in which
Mbizia is associated with Acecis sicberiana and thicket is only

subordinate in the woody layers. It appears, that on these sites,

the immediately potential vegetation is largely evergreen thicket

A '
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agsociated with Albizia spp. and that A. sieberians is a temporary

gersl element of the regenerating vegetation, since o stanis of wooded
savanna or woodland dominated by this specles were observed at this
elevation, However, even if the suggestion is correct, it is doubtful
whether a semi-evergreen thicket represents the climax $ype of the high
altitude sites. Inasmuch as all these sites are subject to higher
annuel rainfall, possibly even higher than implied by the rainfall map,
thicket may represent only en sdvenced stege in the succession to medium
altitude forest, possibly including Albizia app. as one of its important

components e

Le The climax type of all deep s0ils of the lowlands and of the lower
and intermediate upland surfaces, appears to be & compound-leaf savanna
doninated mainly by Acacia spp. but with a greater proportion of
Albizie sppe in the more rainy parts. It is impossible to estimate

to what time scale this postulation applies. Evidence derived from
areas cleared of vegetation (see Appendix 7l ) shows that a thirty year
period is sufficient to restore the Acacia savanna to an aspect and
structure similar to those of adjoining uncleared mrea. Evidence of
some of the least populated and tse-tse infested parts of the lowland
shows no significant floristic change from more disturbed areas.
Predominance of thicket is, in most cases, referable either to loval
site-ecology or to human interference and in all such observed locations
dcacin spp, or Acacis and Albizie spp. are either currently dominant

Or appear to be potentially so, in terms of physiognomic features (1large
isolated groups, a distribution pattern which cannot be accounted for
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by sny ecological differentiation, etc.). Consequently, if the basic
assumption of the existence of a climatic compound-leaf savama
clinax-type is accepted, and it appears to be accepted also by Langdale-
Brown in regards to other areas (mostly under 25" - 4LO" p.a. rainfall and
on sandy loems to clay loams) there seens to be no grounds to believe
that the climatic climax type of the area should be other than a form of
& coppound-leaf wooded savanna. It is possible that the floristic
composition of this climax type will be somewhat different: A, gerrvardii
appears to be specially prominent due to the adventage it has in being
able to withstand a greater measure of seasonal dessication than other
compound~leaf species; consequently, its rols in the potential climax
my be modified by the greater retention of moisture atteniing a denser
vegetation; the climax type may, thus, be floristicly and phytosociologi-
cally more varisble, It will be perhaps, a more moist type of vegetation

tut will still represent a form of compound-lesf savanna typee

Ecologicsl relationships and distributional patierns

ie A principle atated previously -~ that vegetation, compared to other
components of the landacape, is a relatively short~term phenaomenon
in that it expresses, actually or potentially, the existing
environmentsl conditions, end retains relics of former environments
only if ard vhere their ecological complexes were preserved -
appears to be basic in any attempt at correlation of vegetation

with geomorphic features. As is well known, climate iz the major
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enviromental control of vegetation, determinming its natwure on

a formational level. If landforms or even their associated soils
reflect their own mode of davelopment, -the vegetation will be
sdapted to these features only within the fx-*ame of climatic control.
It is only where this control is modified very drastically by
geomorphic and edaphic factors that vegetational response may
transcend it. Such a modification never occurs prominently on

deep, well-drained soils, ‘but may be more noticeable where the limiting
clipatic factor, moisture in the present case, is modified to some
degree by the nature of other environmental factors. Another
fundamentsl principle in landform-vegetation correlations is that
lsndfore affects vegetation only indirectly, through the properties
it imparts to its soil-mantle and solils, while more irert than
vegetation, are less inert than the landform on which they reste
Consequently, the response of vegetation to the nature of the

landform may be entirely umrelated to its evolutionary pattern.

The response of vegetation to edaphic factors within the existing
clipatic frame is quite well-defined in the area. Each of the
several genetic soil umnits represented in the area, embraces a
certain number of edsphic complexes controlled by climatic
differentiation, site type and landforn. These exert differentisl
control on vegetation but only within the limits imposed by the
properties common to all manifestations of the soil type. Since

edaphic factors affect vegetation in combination and since
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response of vegetation is limited in variation by the genetic

range of its floristic components, similarities in ec;ological
complexes and in response of vegetetion may arise ‘between different
soil types. Consequently, en attempt to classify the vegetation

of the area into comprehensive ecological elements would not

result in complete correlation with genetic soil types. Thus, while
the nunber of soil types represented in the area on level surfaces
with unimpeded drainage is five, only four ecologic elements may be

distinguished:

a. Vegetation of acid, low-base soils; associeted meinly with
ferralsols of the Mawogola and Koki Catenas, but also with
those associates of the transitional ferrisols (Mbarars Series)
that are more similer to ferralsols due to older sge or to
topogrephic and textural peculiarities causing incressed

leaching of bases end stronger aciditye.

b. Vegetation of slightly acid and highly base-saturated
s0ils of dry habitats. Associated mainly with the younger
(pediment) or heavier textured but well-drained phases of
the Mbersra ferrisols. However, since ferrisols are by
definition transitional in properties, thére are other
soil-types or associate soil types, which under certain
circunstances exert the same effect on vegetation. Thus,

the lower slope associate of the Mawogola ferralsols approaches

ferrisols in properties due to lateral supply of bases.
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On the other hend they are epproached by the Recent

Tropicel Soils of the Isingiro Series which are intrinsically
richer in bases but are mich shallower and subject to
dessication which prevents the use of the nutrient content

by the vegetation,

ce Vegetation of slightly acid to neutral and highly bese-
saturated soils in habitats trensitional to moist. Associnted
predominantly with the fersiallitic Rugaga soils, but also
with phases of the Mbarare ferrisols which have a compensating
supply of moisture and bases (probebly in a depositional
overlay) on sites situated at mouths of large gullies or small
valleyse

de Vegetation of acid and low-base soils at high altitudes.
Associated with the humic kaolisols of the Rwampara Series,
Although actively pedogenttic, they have an altitudinally
controlled edaphic regime ani are very acld and leacheds
Consequently they have an affinity to preweathered

ferralsols which is expressed to some degree in the vegetation,

Vegetation is, therefore, correlated with geomorphic features

on two levels of differentiation. The lower level is associated
with the relationships of vegetation with individual landforms and
site-types. The measure of effect exerted by these features is

ot uniform and depends on both intrinslc and extraneous factors.

Several main landforms can be distinguished:
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Interfluves

Differentiated into o0ld, mid-lowland interfluves which

were developed on pre-weathered materiel, and on which
pedogenesis is halted or reterded; and relatively young
interfluves still actively weathering into soils., Pre-weathered
interfluves are associated with marginal chemical fectors

&nd consequently vegetation is effected profourdly, on the
community level, both by slight climatic changes and site~type
differentiation. Thus, different communities are found below
or over the 35" p.a. isohyet and on crests ami lower slopes

of the interfluves. Younger interfluves in the periphery of
the lowland differ also in relative age, or in the conditioning
of moisture rcgime by texture and topographic relationships.
Vegetation is differentinted on the community level only where
such intrinsic differences are profound and effect preminent
modification of edaphic factors, mainly in degree of leaching
(esge A, gerrardii - A. sieberians commmity on leached
interfluves of arera-like lowlands). Otherwise, site-types
cause the differentiation of vegetation only on the variant or
physiognomic level. Thus, on the lower interfluve slope
vegetation may be differentiated from that of the crest by

a larger proportion of the thicket element; the grass commmity
ray form a variant in which an associated species exerts
conspicusus local dominance (e.g. Setaria sphacelats variant

of the Themeds 4riandra community)e
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w Pediments

c)

Pedinents are distinguished from other lowland landforms, in
reletion to vegetation, mainly by the additional supply of

noisture and dissolved nutrients from the adjecent uplend slope.
Where gently sloping, the benefit of this supply is more pronounced
than on short and steep pediments. If such pediments occur under
higher rainfall and below low upland slopes, the effect of lateral
supply mey be entirely negated and the pediments soils will be
strongly leached. Vegetation of pediments is differentieted on the
community level, mainly due to the combination of these
differences. Vhere one of these factors is mitigated, mainly the
angle of pediment slope, the mssociated vegetation is differentiated
énly on a lower level - that of a varient (A, vermoesenii variant
of the A. polyacantha - Albizia spp. commmity). Where several

of the factors are mitigated the vegetation is differentiated only
in a sub-variant level (e.g. A. brevispica understorey of the

Ay gerraydii community), or only in the grass community (e.ge
Beckeropsis uniseta dominance under A, gerrardii at small gully
mouths) s

Yalley mouths
Vhere pediments are interrupted by broadly incised drainage

lines of upland velleys or larger gullies, special hebitat conditions

of moigture prevail, which cause a change in vegetation.

o
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The measure of effect on vegetation depends mainly on the
catchuent basin at the back of the site and the nature of +he
slope, end on deposits on the velley-mouth bed, the latter being
apparently more important than the former. The differentiation

of the communities from those of the adjoining pediments is
gradational: change of the subdominant on relatively well-drained
sites (e.ge A, gerrardii - A. vermoesenii community); reduction
of dominant to subdominant status on hegvier deposits; exclusion
of the pediment dominent and introduction of a new dominant on

flatter, wetter beds (e.g. A. polyacantha communities).

Cresta

In relation to vegetation, crests are differentiated mainly

asccording to width and form as reflected in the nature of the
drainage. Soil texture, dependent both on lithology and drainage,
increases the variety of possible combinatkons. These, however,
may be generalized into narrow, medium and broad crests.
Differentiation of vegetation on the community level oceura mainly
where crests become broed and dreinage more moderate, but other
factors such as annual rainfall, altitude, topographic position
or texture of soil may shift the limit of differentiation to medium
crests or prevent differentiation on brosd crests. On narrow
crests - free drainage and consequent seasonal dessication may
produce an ecological complex similar to that of well-drained
pediments and, thus, cause similarity of vegetation. On medium

or broad crests more moderate drainage combined with heavier soil

Ji e e
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texture and high base content may produce moisture conditions
similar to those of the better drained valley-mouth sites and again

cause similarity of vegetation,

4o The higher level of correlation between vegetation and geomorphic
features occurs between differmntiated ecologic elements of vegetation
and genetic surfaces as associated with specific soil types. The
controlling factors of differentiation on this level are meinly those
associated with relative age of soils as reflected in measure of
preveathering and leaching,

Consequently, the first order of correlation is twofold:

i+ DBetween vegetation of preweathered, leached soils am surfaces
with which such soils are associated. These occur in the older parts
of the Lowland Surface, developed on incompetent lithology at a

relatively early stage of the Lowland phase and are, therefore, deeply

vweathered and mature with geomorphic and pedogenetic processes
decelerated or halted; 2. between vegetation of pedogeneticelly
active, base-saturated moils and surfaces which are either relatively
young ~ the peripherial perts of the Lowland Surface - or are being
actively dissected -~ the older uplend surfaces.

The second order of correlastion is realized on the geomorphologically
end pedogenetically active surfaces. It is controlled by moisture
Tegine as reflected in the degree of seasonal dessication and produced
by the balance of pedogenesis ovér erosion {expressing degree of

dssection) and by soil texture (expresaing lithology and topograghy).
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Vegetation in seasonally dry habitats is correlated with Llighter
texture deep soils developed in the peripheral perts of the Lowland
Surface or with heavier-textured, shallower recent soils developed on
the more dissected parts of the upland surfaces; Vegetation of habitats
transitional to moist is correlated mainly with the heavy textured
deeper soils on well preserved remnants of upland surfaces but also
with laterally supplied, mainly allochthonous, soils of special sites
on foothill pediments. There is, therefore, an overlap in correlation,
between upland and lowlend surfaces where the properties of the more
sctively pedogenetic crest soils are degraded by the strong dissection,
or where the properties of the leas actively pedogenetic pediment soils

are nitigated by lateral supply of moisture and nutrients.
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Appendix T

Representative Profiles of Soils

The presentation of profile descriptions is based on their
essociation with different geomorphic levels and aituations and not
according to their catenary disposition, although such an arrangement
reflects conclusions reached af'ter the fact. FParsliel profiles
described in the memoire of the Research Division of the Department

of Agriculturé of Ugenda (Series I: Soils) are presented for
supplement and comparimon,

I+ Upland Soils

A, PBeawpars crest surface profiles

1e Nahungyezi-Chewiro ridge, Bastern Rwamparm, South of Karywangani;
ridge crest-slope (5°); 5300' @.s.le; 35-40" pea.; under Ihemeds
landrs - Toudetls kmgerensis grass savanna.

05" Very dark-brown (10 YR 2/2) humose, sandy loam

Many quartzite fragments. Veakly crumbly structure.
5-20° Dark brown (7.5 YR 4/2) sandy loam. Many quartzite fragments.
Weakly compact. Structureless.

%" Pockets of darkebrown (7.5 YR 3/2) sendy loam in fragmented




quartzite.
This is, obviously, a shallow A~C profile with a very humose
Ai-horizon- It represents a very young, elmost skeletal, soil in a

state of active pedogenesis with a retarded decomposition of plant

detritus, possibly due to the position on the crest slope and consequent

free dminage. It is difficult to account for the shallowness and
the youthfulness of the soil of the pr(.aﬁle unless a recent expost;z'e
of the surface is stipulated. Erosional activity camot be invoked
since more maturs profiles are fo be found on stesper creat slopes,
At the sape time, the only laterite found in the vicinity is in ﬁxa
form of erratic blocks and there is no indication of currently

disintegrating sheet of laterite exposing new bedrock surface to

podogenesis. It is possible that the s0il represents new developsent

following cessation of human activity which formerly accelerated

erosionsl processes through burming end grazing. The dominance of

FM triandra in the grass-cover in relation to Loudetia kngerengis

indicates the development of more favoursble conditions and a stage
proceding the disappearance of the latter species,

) Harrop {1960) deacribes a similar profile Prom Bugamba {Central
Rwaapars) ;epnsenting an '\xpéer‘ cbuponent; of the Bugasba Catens, with
the attended @ifference of higher elevation (5,800') and reinfall
(45-50") and phyllite as parent-rocke

Profile 28 (20237-39) (ibid. p.36)
07" Dark brawn (7.5 TR 3/2) stony loem. Many Eragments of phyllite

Loose crumb structure. Many roots.

PR




7-18* Coumpact but very friable, siructureless. Much angular phyllite,

18%  Mainly weathered phyllite in situ with pockets of reddish~brown
(2.5 1B, 4/4) loaa, '

Comparatively this is a less sandy and more leached profile and
despite its somewhat lesser depth it represents, rrobably, more
sdvanced weathering., These characteristics may be asaigned to higher
rainfall and somewhat less resistent perent-rock.

It is, however, of the same genetic nature aml its géneml morphology
is similar. It appears that as long as more data on the effects of
clizate ani lithology are not available, the grouping of these profiles
in the ssme series is justified,

2, Main ridge of Eastern Rwampara, NE crest-slope (8°) of Mt Kagarama.
5,700 a.8els; 35-40% p.a.; under Cymbopogen exSvatus - Beckeropsis
aniseta post-cultivation community,

0-11" Dark reddish-brown (5 TR 3/4) clay loam; huniferous; friable, .
weakly subangular-blocky structure,

11=35" Reddish=brown (5 YR 4/3) clay loam. Moderately subangular-blocky
structure; more compact than the horizon sbove, Few ochre
(5 YR 5/6)goncretions and occasional laterite fragnents.

35-43* Bromn-red (2.5 YR 4/4) clay loam. Well-developed subangular
blocky structure, Fairly compact. Concretions more numerous
than in the horizon above; laterite fragments,

13  Phyllite rubble intermixed with clay-loam,

| anenansney

o i T L R

|




T et

T T By T T T

The profile represents a well-developed soil but appears.to be :
still in a state of active pedogenesis. The B-horizon is quite distinot
and has the attributes of a B-structural except that no clear clay-gkins
were found on the structural units. At the same time, there is a clear
increase of clay and of ferruginization down the profile indicating
a relatively intensive leaching. Yet, legching is not intense enough
{0 differentinte an eluvial A,-horigon. - It is, consequently, possible
that clay illuviation is lateral (the crest is sbout 60 £t higher than -
the pit). The impression imparted by the pwdfile is, therefore, of a
mature crest soil developed in situ under a somewhet transitional
clinate, with sufficient rainfall to allow some degree of leaching,
accusulation of clay, and differentiation of a structursl-like B-horizon,
but not sufficlent to ensure the formation of distinct clay-siins.

3. Easwmbe main ridge. Chanka H:L‘Ii; a deprsasion on the crest slops

(50); 5,300' a.8.ls (& modified remnant); 25-30" pes.; Cyubopogen

Z2xcavatus =~ Themeds triandre gress community (possibly post-cultivation),

on edge of Acecia vermoemenii - A, gerrardii woodland.

0-5" Verydark greyish-brown (10 YR 3/2), heavily humose, sandy loam;
friable; mediwm crumb structure R

511% Dark greyish-brown (10 YR 1/2) sandy loam, steined with organic
matter; friable, weak crumb structure. Laterite gravel

11-28" Grey-brown (5 YR 5/3) sandy loam; somewhat compact; weakly
swbangular; ‘block;y structure; ochre (5 YR 4/6) patches end small

dsrk concretions. Laterite gravel




28-36" Brown (10 YR 5/3) sandy loam; fine subangular - blocky structure;
more compact than the horizon abtove; concretions more numerous;
laterite gravel ‘

36-55" Reddish-brown (5 YR 4/3) sandy clsy loam; compact and
structureless; many dark and reddish concretions; quariz
fragments and laterite gravel

55%  Quartz rubble in clay loam matrix, )

The profile differs from the former in several significant respects.

It reflects the arenaceous parent-rock in the lighter texture of all

horigons. The B-siructural horizon, although less distinct, is better

differentiated from the C-horizon in being both less compact and 195:

clayey. Leaching is apparently mostly lateral as indicated by mite

position. Site position, in a alight depression, and close to woodland,
probably sccounts also for the considerable amount of organic matter
which appears to be quite well distributed in the upper horisons to &

relatively great depth, 3o thiat™the sbsence of a distinct eluvial A,

horizon is very pronounced. It is, therefore, as in the former profile,’-

a pature s0il actively developing in situ, tat for topographic anmd

clinatic reasons is less leached and possibly even illuviated to some

degree,
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Bo .Crest-Surface profiles

1. Rugaga main ridge; Rugagaj level hill-crest (2°); 5,100' ae8.leg

25-30" pons;  post-cultivation Thoneds triandre - Hyprharrenis ilipenduls

grass commmity.

0-8" Dark reddish-brown (5 YR 3/k) sandy clay loam;  frisble; weakly
subangular bHlocky atructure.

8-20" Reddish-brown (5 YR 4/3) sandy clay loam; fine subangular blocky
structure, Laterite gravel,

20-35" Reddish-brown (2.5 YR 4/4) sandy clay loam; more compact than
the horizon above, alwost structureless. Laterite gravel,

35-46" Reddish=brown (2.5 YR 3/4) sandy clay loam; conpact, structureless
tine ochre (5 YR 5/6) concretions; laterite gravel,

46"+ Quartr, schistose phyllite?, laterite rubble. “ ,

In this profile the differentiation of a B-atnwtunl -horizon is
woaker than in the profiles ol the higher surface » but it reveals a
characteristic feature in being more clayey than the underlying 8-horison,
Generally, the s0il is heavier in texture than in the previous case,
perhaps due to lesser metemorphic grade and greater contmim‘!d.on of the
frenaceous parent-rock, or to intermixture of argillaceous porent-rock,
but there is a definite impoverishment in clay in the C-borizon, which is,
however, more compact®*, This observation is probably related to site

position, at the lewel top of the crest and, consequently, to prevalence

* Indicating that compactness is not necessarily correlated with
clay content (see Kellogg & Davol, 1949).
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o B of vertical illuviation over lateral, as is also indiceted by the

relatively meagre amount of concretionary materiel, However, as with

the two preceding profiles, the effect of leaching is relatively small
and the éenerally brown colour of the s0il hints at a relatively high base
‘j content, which is to be expected under the stated low rainfall.
This profile is very similar to that described by Harrop (1960)
from the same vicinity representing the Rugegs Segies,

Profile 30 (20957-68) (ibid. p. 37)
3 nijes east of Rugage; level ridge crest. Altituds 5,200 £t (2)

Rainfell 25-30" p.a., under Imperata cylindrica, Beckeropgis uniseta

Chloris gavans armd Melinis miputiflora

0-8" Dark eddish-brown (5 YR 3/4) sendy olay-loam. Frisble with
moderately firm subangular blocky structure. Many roots,

8-18% Reddish-brown (5 YR 4/3) sanly clay-loam, subangular blocky
structure,

18-42" Reddish-brown (2.5 YR 4/l;) sandy clay-~loam with a weak

subangular blocky structure but more compact than horizon sbove.
Occesiomal laterite fragments.
k2% Disintegrating laterite,

The most sigmificant difference is, obviocusly, the presence of
disintemting leterite at the base of the profile, implying a continuous l
laterite shest over the ridge-crest. The stated site of this profile, l

L locates it at the foot of considerable 200 or 300 Tt slope east of

oo
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Nyeruhuzi* {at what is regarded in the present work as the Junction
between the Gayeza avd Sange Swrfaces}. It is also, judging by the

grass community especially the Beckeropsis, a more humid site. It is

conceivable then, that both laterite and s0il are derived from an

upslope source and are not necessarily genetically rélatea, It is also i

possible that laterite is not continmuous over the whole crest amd f
represents only a local, perhaps thin, accumulation, As can be .see;l
horizons are even more weakly differentiated éni. there is no definite
clayey C-horizon so that while undnubtedl;y'tha 50il has had a long
period of development it may bave developed in trensported maf;erial

anl is younger than the higher soil but more leached,

2, Geyeza ridge — Gayaza hillmess; 1.5 h. NE of Rest-House; a level
crest (2%, close o crest-edge quartzite scarp. 5,050" a.8.1e3

35+40" pusi.; Theseds triandra grass clearing in a dense Acacia perrazdii
woodland,

0=8"  Dark brown (7.5 YR 3/25 sandy losm; friable crumb atructure
quartz gravel,

8r15% Large quartzite boulders in dark brown (7.5 YR 4/f2) sandy loam
zatrix;quartz gravels

15-36" Reddish-brown (5 YR 4/3) sandy clay loam; moderstely compact,

structureless; laterite gravele

* 1%, consequently, cenrot be that the stated altitude is correct.
The highest summdt of the Rugaga 'hillmass® is 5,134' a.s.l. and east
of Nyaruhuzi crest sltitude drops sharply to 4,800',

e e g i "




36-45" Reddish-brown (2.5 Y 4/} sandy loam; compact anl structureless;
quartz and laterite gravel.

45"  Quartz rubble.

Except for the lighter texture due to high-grade quartzite perent=
yock and the quartzite boulders in the lower hoxizon of the top-soil,
apparently due to transport from adjacent, higher outcropt, the profile
is fundanentally siniler to the preceding ome. It has the sme pattern
of increase in clay content in the ihtermediate horizon and decrease in
the underlying C-horizon. Amount of clay, however, is not gufficient
to cause a discernible structure in the Bwhorizon. No cwrrent
precipitation and concretion of iron is discernible in the profile and
drainege is excessive due to proximity' of '!;he open=jointed quartzite
scarp and the crest-top position of the site.. Laterite fragments found
in. the lower horizons, are =s in other profiles, clearly gmrelaﬁd to
the present pedogenetic processes. It is significant in this connection
that they are found only beneath the quartzite-boulder horizon,
indicating their relatively early inclusion in the soils

3« Eaxys ridge, Kaswbe hillzass; 1= N of Chanks Hill; level crest

(1%; 4,900" w.8.1.; 25-30" p.a.; under Acacie gerrardili - Themeda

w tree savanna.

O~4® Derk-greyisn-brown (10 YR 3/2)} sandy losm; friable; wealkly
erumby structure

4=23% Yellowish brown (10 YR 5/4) sendy loam; compsct, stnfcﬁumlesa;

laterite gravel




23-36" Brown (7.5 TR 5/L) saniy clay loam; . compact, structureless;
laterite and angular quartz gravel,
36" Quartz rubble.

The nature of the soil represented in this profile appears to differ
considerably from the above representation of the mame surface. The
lightly coloured horizon inmediately underlying the top soil looks like
a leached Az-borizon, an aberrant phenomeron under such a low rainfall .
and relatively low elevation. Lack of any degree of laterization also
argues against possible leachirg. The most acceptable explanation appears
to rest with the nature of the perent-rock and in the age of the soil,

A comparable sequence of profile morphology appears, fron examples in
literature on African soils (Sys, 1960; Fauck, 1963), to be associsted
with sendstones, schistose sendstone and sandy deposits. It appears :
under various amounts of rminfall, both as ferruginous soils and as
ferrisols. Unier higher rainfall and with longer development the
d:lffarentigtion of horizons is more pronounced and may involve:
laterization. The Kmzya profile appears consequently to rep t 8

relatively young soil, developed on comparatively incompetent

Amnacecus, peront-material, anl its profile morphology reflects

lithological ‘characteristics and not pedogenetic processes alone, It
.is.conceivable that with longer development, profile morphology will
approsch that of the other soils,

R 3 this assertion is correct then the soils represented by this
Profile may be regarded as a genetic link between Harrop's (1960)

Iaingiro Catena and the Rugagn Series. The Isingiro Catena, atated
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4o accupy all the bills of that name except the highest crests, is defined
as a lithosol and described as being shallow, dark humose sandy loam,
distinguished by a high base content due to large amount of orgenic matter,

They include, however, also deeper phases of shich one is exemplified.

Profile 32 (20969-71) (itdd. p. 39)

{Kasuiba 10° slope; altitude, 5,300 ft. Rainfall 25-30" Defis, under

Themeda trianira with Cymbopogon excavetus becoming abundant after

cultivation)®

0-9* Black (10 YR, 2/1) sandy loam, weak crumb struchire and very
frisble. Numerous roots.

9-18% Very dark brown (10 YR, 2/2) rubbly loam containing small laterite
fragments. Structureless.

18-28" Laterite gravel becoming dominant. Strustureless. Dark tromm
(7.5 ™ 3/2) loan metrix.

This profile seems to show incipient similarity to the Kazya profile
and possibly represents an earlier stage of profile development on
sinilar parent materiel. It may also represent a result of a steeper
slope, On more resistant or more argillaceous parent materia} the stage
parallel to that of the Kazya s0il on gentler slopes will probably show
& reddish=brown colour of sub-topsoil horizons and be alresdy more
siniler to the Bugaga Series type of soil.

® 8ite characteristics taken by Harrop from his Profile 31.




No soil pits were dug on the Sanga Surface crests where soils

appeared to be of two general types: similar to those found on the
Gayaza Surface or skeletal, very shallow lithosols developed over thick
laterite sheets or on a partially ferruginized argillaceous bedrack.

¢. [Dpland Slope Soils

1, Gayaza ridge; Geyaza hilloess; slope of shallow col (103) on

nagc crest, between two valley heeds, breaching & massive quartzite

bed; 4,980 £4, a.8.1s; 35-40" pea,; Loudetia kagerensis - Aniropogon

ammgri; sparse grassland.

o-L* Black (10 YR 2/1) humose, sandy loem; Crisble, crusb structure.
Much quartz snd occasionsl laterite gravel.

pIAJY Qmﬁ:z gravel and occasional laterite gravel in very dsxk brown
(10 YR 2/2) sandy clay loam matrix.

- This is a very young and shellow lithosol and is very
characteristic of all skeletal soils on quartzite slopes. The profile is
identical with the type-profile of Harrop's Isingiro Catena (1960, p. 38)a

2 Gayam ridge; funnel-shaped gully-hesd on NW slope (35°); sbave
qartsite outcrop; 4,850' m.s.l.;  35-40" peas; Acacis hocldi - Albizig
Soriaria - Combretum gginzii woodland,.
06"  Black (10 YR 2/1) humose loam; frisble structureless metrix

" to mmerous quartzite, phyllite end laterite fragments.
6=18 Very dark brown (10 YR 2/2) loam; friable structureless matrix

t0 numerocus quartzite, pbyllite and lat_erite fragmerts.

i
{
i
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18" Dark brown (7.5 YR 3/2) clay loam; moderately compact matrix to
quertzite boulderse
The greater depth of s0il is only parily assignsble to downslope
transport. While the upper borizons are only very faintly
differentiated by amount of organic matter, the soil is apparentiy
forming in situ in the underlying horizon which is partially preserved

from erosion by the superficial material.

3, Gaysza ridge; flattened crest of gully interfluve (10°) on NW
slope; 54,6007 a.sele; 35740 peas; Loudetia erensis - on

dummeri grassland.

0-7* TDark btrown (7.5 IR 3/2) clay loam, frisble crumb strv:x:'l:u:e;
mmerous small quartz, phyliite and laterite grevel,
7-21..." Reddish-brown (6 IR 4/3) clay losm; weakly compact structureless;
hzg- (z~3') rounded fragments of rock and laterite,
2).-32' Brown-red (2.5 YR L/4) cluy loan, compact end structureless,
20ttled with yellow (5 YR 8/4) and red (2.5 TR 5/6) frisble
ﬂlntd:u mﬂ stresks; angular phyllite and laterite gravel
: ‘mﬂy in “Tower part
32"0 Plvllite ru‘b'ble. .
Icmhixg, noat 1ikely lateral, caused the differentiation of an

illnvhl ‘iron-rich B-G-horizon. The soil appears to have developed
Pl'l-rlly on tnmported fine meterial since most fragments, to the
m of 28-30“ show evidence of surface wash and translocation

) (qllrt:ite from outerop high, upslope)e
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II. Lowland Soils

A. Foothill pedimemt soils

4. Orichinga Valley; foot of Kyabirikwa ridge, NW part of the Velley;
slope - 1o°; 5,200" ae8ele; 30-35" pe@s; urder Acacia gemzﬁii -

Theneds woodland savannae

0-8* Dark greyish-brown (10 YR 4/2) sendy clsy loam; friable weak
érumb structure, ‘
8-16" Grey-yellowish brown (10 YR.4/3) clay-loss; moderately compact,
weak subangular blocky structure,
16-19" Yellowish brown (10 YR 5/4) clay loan mottled with yellow
(5 TR 7/6) and red (5 TR 5/5); compact, moderately developed
subangular block structured’
19-24* Az sbove with ferrugirmized (7.5 YR 5/6; 2.5 IR 5/8) phyllite
and quartzite gravel ‘
2%  Phyllite rubble in yellow (7.5 TR 5/6) and red (2.5 YR 5/6) clay
loan matrixe
This is apperently a sespage-line profile. Lighter colours of brown
anl yellow are not related to parent rock but to hydration and reddish
mottling indicates precipitation of laterally transported iron in an
upper pediment slope illuvial horizon, possible at the head of a current
laterization transect. It is also possible that the A-B horizons
Tepresent pedogenetic developuent in a footslope accumulation of fine

weste, although the profile appears relatively well-developed as an

integreted unit despite its shallomess. This is, no doubt, due -




4o the constant seepage under a protective cover of woodland.

2. Magha avena; ibid. pediment slope _(60) at SE marging 4,300' &.s.l.j
35-40" peas; Acacia gerramdii - Ihemeda trisndre trec savanna with

termite-mound thickets,

0-8" Very dark grey-brown (10 YR 3/2) sandy loam; structureless
{granular) few small fexruginized quartzite gravel,
§«18" Reddish bromm (5 YR 4/3) loam; weak subangulay blocky structure.
18,0% Yellowish-red (5 YR 4/6) clay loan; compact, subangular blocky
* structure.
40-60% Yellowish-red (5 TR 5/8) clay loam; with slightly yellow and red
(2,.5 Ir 8/6, 2.5 TR 5/8) mottling; compact amd strustureless,
,m-ao- !euarm:-md (5 IR 5/8). clay-loam; slightly mottled as sbove;
mut und atmchxreloss, fraguents of partially weathered
e fen'uginiud argillites (?) increasing in number downwardse
m botbl of the ﬁ,le has not been reached at 80" but increasing

Ilmt of rock tmﬁ (liu-schiat 2) indicates the'proximity of the
_‘.M bodrock., B-structural horizon without clay sld.ns is quite well
: :‘mfutnthhd uith, pez-!nps, an overlying transitiomal horizon. 4

w of iron precipitation occurs in the subsoil, probebly

. hﬁm@d 'by ooupc'cneu and texture and appears to be only incipient.
e Monblo depth of the subsoil indicates a relatively active

“pedogeneais of seéentary soils on comparatively incompetent Iithology

ﬂmxt 'lirhd‘ interference by erosion.
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The profile appears similar to the type-profile of Harrop's {1960)
Mbarera Catena and also to the "Red" component of Radwanali's (1960) Koid.
Catena. - It differs from the former in being more leached and '
ferruginized and from the latter in being of lighter texture, less
steep (probebly less competent and more metamorphosed parent malorial)
tut less leached (probebly lower rainfall and lower position on pediment).

Profile 46 (10363-68) (Harrop, 1960, p.50)

) miles N of Biresbo (Chezo Valley), Ankole; 6° pediment slops. Altitude
4,600 £t. Rainfall 35 in. p.a., under Themeda triandra.

0-6* Very dari trown (;o YR 2/2) loam, smell subangular blocky to
gremlar structure. Numerous roots,

6-15* Very dark grey-brown (10 YR 3/2) loam. Moderately firm subangular
blocky structure,

15-25% Derk brown (7.5 TR 4/4) loam.

25-48" Yellowishered (5 TR 4/6) loam, weak subengular blocky structure.

Profile 2 (14560-5): Koki "Red* (Radwansid, 1960, p. 34)

1} aile from Lulagela to Bugoma (N. Koki); upper pediment; altitude

4,400 £t; rainfell 35 in. p.n., under savanne with herbs.

93"  Dark trown (7.5 YR 4/4) stained with humus, sandy clay. Cruibly
and fimu. PFrequent grass roots. A‘.

3-8"  Yellow-red (5 YR 5/6) slightly stained with humus, clay. Wesk

cruzbs, Slightly compact. .6.3-

¢ aii i




455

g-18" Tellow-red (5 IR 5/8) very slightly stained with humus, claye.

Subangular blocks. Slightly compact. Transition to Be ]

18-36% Yellow-red (5 YR 5/8) clay. Subanguler blocks of varying size and
stebility. Compact Be

36-60" Yellow-red (5 TR 5/8) clay. Structurelesu and compact. G.

60-72* Yellow-red (5 YR 5/8) clay with ebundant fngnents of weathered
multicoloured phyllite (?). Weathered roocks

3. Wesha arema; depositional fan ot small gully-mouth, on narginal SE

pedinent (6%); at £00t of Cayaza ridge; 4,400 ft. a.s.le; 350" pea

Acacis gerrardii - Themeda triandre woodland savanna. ‘

0-3"  Dark m-bivotn (10 h/2)7 loam; weakly crumb structure; muwercus
soall younied gravel (mostly quartszite). ‘

3-16" EBrown (10 YR 4/3) friable distinctly laminar loam; numercus
rounded Mz g;avd ’

16-40% Reddish brown (5 TR 4/3) bley loam, compact and struwturelesss

This type of soil is characteristic of amall gully-mouths on foothill
pediments, where the volume of drainage is as yet insufficient to
incise a drainage line and the dimcharge is spread in e fan over the
pedisent surface. The upper horizon is clearly depositional over the
lwuomﬁichhéartofthape&imanteniporhnpa related to the sub

topsoil horizon of a former profile,
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4o Orichinga Valley (Ntogota); alluvial fan (3°) at large gully mouth,
ingised in pediment on the footaslope of Isozi ridge; 4,150' a.a.l.;
35% p.a,.; unier Acacis polyacantha woodland.

0-13*  Black (10 YR 2/1) mandy clay, loam friable, wiak crunb structure.

13-32% Grey-bromn (10 TR 5/2) clay loam; firm weakly subangular blocky
structure.

32-54* Brown (10 YR 4/3) clay loam; structureless, compact.

5,%  Brown (7.5 YR 5/4) clay loam; structuniless, compects

There is no sharp transition as between the depositional meterial
ard the pediment s0il in the previous profile. The'pmﬁle represents
2 genetic unit separate from the flanking pediments. It is probebly
comparable to soils developed on aggraded valley floors though it
differs fron them significantly in staniing perennially above the water—
table. Hydromorphic characteristics appear to be less pronounced in the
lower horizons and it is possible that intermittent saturation is
diminished with depth indicating the dominance of lateral moisture
swply. Drainage consequently is nover impeded but the profile is
al'So never dried out for long periods.

B. Mid-lowlend pediment soils ~

1, lNakivali lowlanl; pediment slope (5°) north of Mukistenyi; 4,250t
.81, 25-30* p.n.; under Themeds triandra - Cynbepogon atronaxius
grassland with Grewia - Teclea thicket on old termite mounds.

0-6" Dark reddish brown (5 YR 3/4) sandy loam, loose weakly granular to

structureless.
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§-38" Reddish brown (5 YR 4/%) sendy loem, structureless and firm,
38-60" Reddish bfown (5 YR 4/3) loem; structureless and moderately fimm.
60"+  Red (2.5 IR 4/8) loam; structureless and frisble.

Although bedrock has not been reached it appears that the C-horizon
is represented in the lower part of the profile, probably below 38"
depth. It is, consequently, an A-C profile which is typicael of the
lovland landscape pediments of the drier areas such as Radwanski's
Buruli Catena® (1960). It appears to differ from this soil in being
of somewhat heavier texture and less gritty, probably due to lesser
enount of quartz veins in the parent material, and apparently elso in
‘gzeater amount of organic matter and lesser léaching. The Buruli Catena
of Horthern Mengo also has a well defined, lateritic horizon which was
not identified in the present profile, although it is possible that
it has not been reached or that a lower site would have shown it at
shallower depth, This is indicated by another pit situated lower down
the pediment slope vhich revesls a yellowish-red horizon with occasional
seni-hard concretions at a depth of 40%. A higher pit appears to have
a shallower profile (C-horizon at 25") and a lighter texture throughout
the profile. The redder colour of the sub topsoil A-horizon elso

points to greater leaching.

* Defined originally by Langdale-Brovm (1957).
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2. Nakeiita (Bastern Wyabushozi); crest of long gentle pediment (5°)
below rounded hill crest; L4,400' a.s.l.; 35-40" p.a.; degraded
Themeds triandra Cymbopogon afronardus grassland.

0-12" Very dark to dark browm (10 YR 2/2 %o 7.5 YR 4/2) sandy loam
weekly granular moderately firm structure., Frequent fine quartz
gravel and occasional quartz stones,

12-24* Reddish-bromn (5 IR.L/I;) gravelly loam; structureless and fimm

240" Yellowish-red (5 YR 4/6) gritty clay loam, structureless and
corpact. Stone line,

10"  Yellow (2.5 Y 8/6) loamy sand; friasble with traces of weathered
rock. A quartz vein transects the profile,

The grenitoid nature of the parent material is apparent in the

large proportion of coarse sand and quertz grit. The profile is well-

differentiated into A-Cand deeply weathered D horizon. C-horizon lies

probably below the 12" depth level and is conspicuoausly more cleyey

than both upper and lower horizon. A parent-material poor in iron

and an efficient internal drainage due to lighter gravelly texture

probebly prevents any noticeable laterization in this profile. In

lower slope profiles, hovever, a motiled horizon msy appear. Another

type of profile from mid-lowland areas is characteristic of sites

adjacent to granite tors. It is much darker in colour and less gravelly
and light in texture, it is also shallower and more compacte
This type of soil is al-ost identical with Harrop's (1960) and

Redwnnaki's (1960) Mawogola Catena described in the same area.




Together they recognize 3 members of this catena: the "tor" associate,
the "Hedium® from mid-slope, ard the "Hillwash" from downslope. It also
closely resembles the pediment soils of the Nyabushozi Catena which

are presumably differentiated from the Mawogole Catepa not only in having

a crest laterite member, but also in being less sandy.

C. Velley flat-floor soils’

1, Meshg arena; flat valley floor of a Rugyeye tributary in the SE part
of the arena; 4,250' a.S.le; 3540" p.f.; under Themeda triandrs -
Hyparrhenia spp. grassiand with scattered termite mound thickets,

0-1* Derk grey (5 Y L4/1) loam, firm; weakly crumby to weakly
subangular blocky structure,

4,-20" Grey (5 Y 6/1) sendy clay; firm, weekly subangular blocky
structure,

20-4,0" Yellovish grey (5 Y 6/3) sandy clay; compact and structureless
crackeds

40"  Yellowish brown (7.5 YR 5/8) sandy clay, as above but with

quartz gravel and weathered rock (achist?).

The profile is typical of the flat valley floors and closely
resenbles the description by Harrop (1560, p. 74) from Nyabushozi of the
Bukors. Series defined in Kold by Radwanski (1960, p.76). Differences in
texture and @ifferentiation of horizons between the two areas are related
%o the origin of the alluvium in which these soils develop. Where

they are derived from low grede argillites such as the Kokl Shales

R o
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end mudstones, the soils contain much silt end horizons are well

gy

gifferentiated; when parent-rock is acid plutonic or highly metemorphic
such as the granitoids of the Nymbushozi and the schists and phyllites
of the Rwampera area, the soils are sandy and the profile is weakly

differentiated, Other differences are associated with the degree o

vhich drainage is impeded and the measure of aggradation. Where
T dreinage is constantly impeded and groundwaeter is perennially
sub-surface, & gley horizon may develop., But in most cames the profile
is only seasonelly inundated to different degrees depending on the
N grede of the valley floor {on which slso depenﬁs the measure of
aggredation), and the sequence of horizons as to relative thiclmess,
colour and textwre depends on the length and depth of inundation.

The example presented above shows a shallow profile, probably developed
in a relatively slightly aggreded alluviur. Proximity of the uplend,
however, causes a perennial saturetion of the soil even if groundweter
rises gbove the surface for only relatively short periods. The grassland
commnity indicates that the profile is drained, if not dried out, to

mderate depth,
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Appendix TT

Vegetation auadrates

The following tables vresent three types of data:

1, Freguency of species or elements presence of the species or element
in gumbers of stands expressed in percentage of toiel number o
obgerved stands of the community in which species lists were nropared.

2. Quadrates: in selected stands of the community - number of individual
vlantsj percentage cover of the ground area; percentage of the layer
calculated by covered area. Quadrates of woody commmnities: 30 x 30m;
of grass copmunites: 10 x 10m, in which the general patch pattern
with sequence of the three most abundant species in each patch;

1 x In - in which individual plants are represented. Ground cover in
grass compunities is ealculated by mezsurement of tussock diameter

at the height of 2-3 to 4-5 inches above ground level {according to
the sige of the plant). Herbe are not calculated in the table. In
roody commmnitiss ~ shrubs or irees grouwing under the cover of higher
irees are not calculsted.

3. Several of the quadrates € } (+) are represented in plans mapped
by the grid method.

# Cover-area included in mound thicket.

Physiognowmical Categories

Fhysiognomic types of savanna are differentiated according to
verceniage cover of the woody layerss ’

grass savannas <5§5

{ree savenna: 5-15%

open wooded savanna:  15-25%
=ooded savanna 25-403%
densely wood savanna: 40-50%
woodlands > 50%
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: - A;;acia comradii - Eﬁ;q.§ + q- no. 17; g mo 2 _ q. noe 3 Qe no. 4 g n0. 5
ook i _ j % ‘ , ' i

! B ookt 14 %no. co%er ;.’:;g ‘no. co?’:er g:;sz no. co%er ;’:;gi no ® mfdy # w‘fé& %
% i : + cover layer | no. cover layer
| j : ;
{ Acacia gerrardii 100 ;17 9 61 ;22 17 65 28 19 73 135 30 91 6 53 96" |
| 4. hockii 100125 2 13 4T 4 15 3 3 12 425 2 6 12 2

A, sieberiana 35 : ’ : T 5 :

Dichrostachys cinerea " 43 14 2 8

Entada abyssinica 22 3

Erythrina abyssinica 35 2 2

Buphorbia candelabrum 5T | 4%

Ficus 8D 28

Uaerua angolensis kI

Maytenus sensgalénsis T8 13 ’ 3 2 2 3 3 3

Ziziplms abyssinica -~ 28

Thicket components 100 3 2 8 2 9

Thicket clumps 43 3 20 '

‘ 15 26 : 26 35 55

i Rt ol MO .
s el i

o o i o
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. LI A, senegal I.3ii A, brevispica T.iv thicket 1.v A, sisberiana .
Tants of i
Ver "’"’” : q. po. 1 freg.  q.no. ) 9. no. 2 freq.  q.no. T 9. no, 2 9..no. 3 freg. g, nad 9. no. 2 9. no. 3 !
o JETEE
A ekt % % % % % % % % % % * %
% woody % woody % woody % woody . % woody % woody % woody % woody % woody
no. cover layer 5 no. covar layer no. cover layer 70 no. cover layer no. cover laysr no. cover loyer no. cover layer no. cover leyer no, cover layer i
A ;
Acaclo brevisplca 10 10 2 4 16 3 & - - - - - - - - - -
A, gerrardii 8 14 30 100 32 43 o3 34 9 N 100 24 27 43 8 31 &3 47 23 4% 100 26 25 g0 a2 5 g8 20 43
A, hocki 34 3 n 100 18 2 4 12 2 100 37 3 7 k) 3 6 32 3 ] 100 45 4 10 43 4 9 47 4 9 '
A, sanagal R -t . - - T
A, sleberiano 0 - - - 5 40 B 2 12 2 100 471 2 9 2 3 5 g
Kidalio scleronawroides 2 4 20 - - - - - - - - - - - - L
Dichrostochys cinsraa - - - - - - - - S -7 2 5 g 22 2 4
Dombeye dewsi 60 2 2 - - - - R - e .
Enleda abyminica - 3 - 4 20 - 5 6 2 2 - - - - - - 2
Erytheina shyminica - - 50 3 2 5 2 40 3 2 2 ,
Euphorbie condelobrum 2 - - 80 4 2 3 70 g - - o - - 7 - -
10 .
Hortitonls ahpsinnlea 4 - - 0 - - 3 6 L
Maywnus senagatonsis 5 80 2 3 : 80 ¢ 3 8 L T T
Thicket component; 3 100 2 4 4 B 100 8 e 8 17 12 25 100 2 3 2 4 a 7
ﬂlkhl:lun’. - - - - - . - - - - a0 5 a ] 8 1o 100 5 10 6 13 7 15
28 43 5 43 49 47 42 45 44

s, N N o ) . o i




. 2. A gerrardii — A. sieberiana

freq. Q. no. 1

i
4 %
% grass

deacia gerrardii 100 9 16 37
4. Hookii 100 36 4 9
A. sieberinna 100 7 15 35
Albizia spp.

Dichrostachys cinerea 40

Entada abysinnica - - - -
Brythrina sbysinnieca 60 4 1 2
Euphorbia candelabrum 80 - - -
Ricus sp. - - - -

Eaytenus senegalensmis 8 6 2 4
Thicket components 100 5 13

43

no.

40

2

-4

7 ,:
% tree
5 no. cover layer no. cover layer

35
5
40

10

o
5
180

100

100

20

30

80
100

2.1

freq.

4. sieberiana - thicket

+ g. no. 1
)
75‘ tree

Qe NO. 2
cf %
# tree

no. cover layer no. cover layer

13

6 17

1 2

9 25

1 1
20 55
36

6 10 24
18 2 5
4 16 38
14 33

42

=4

%
5

100
100

100
40

60
40

80
100

3. A. gerrardii - Albizia SpD.

freq.

11

18

13

+ g« no. 1

% tree
no. cover layer

8 28 20
2 7 15
18 62 kk|
1 -
1 3
29

464&

Qs N0. 2

]

% tree

no. cover layer

16 44
2 6 !
15 42 i
- - i
H
1
- - i
3 8
36 |




Hyparrhenia £ili

ai. Thereda triandra - Cymbopogon afronardug -

pendula

aii, Cymbopagon afronardus -

Themeda +triandra

Hyparrhenia filivendula -

"465

s, Themeda triandra freqd + q. no, 1 Q. no. 2 qe no. 3 Qe no. 4 [fraq.| + q. no. 1 g no. 2 g. no, 73.

' grass community % . i - » . # 1% # # %
group ' # grass ».  grass %  grass % grass #  grass %  grass %  grass
15 | 8o. cover layer |mo. cover layer {no. cover layer {nn. cover layed 8 |[no. cover layer |no. cover layer |mo. cover Iayer
A
Andropogen dumperi 0p -~ - - - - -8 2 5 o . |- - - |- - - - - -
Eothriochloa sp. 0 - - - - - - 9 1 8 - 20 - - - . _ - - _
Brachiaria brizantha i N T ;R Efpsof- - - . - 9 .2 6
B, decushens 70120 3 6 5 - - - l18 2 3t - - 9 2 9 3
3. platynota o I AU I s 3 7 3 3 5 |6 2
Chloris gayena or8 4 8 10 4 g0 |. oo > 4 sfsl- - - s 8 1 |4 o 6
(ychopogon afronardus P18 9 21 |1z 13 o8 - - - 12 20 {100 [14 2 51 f10 16 28 8 12 35
Digitaria disgonalis 6013 2 3 3 2 - - - 4 2 3p604f~ - - 3 6 n 2 3
Eragrosiis racezosa N - - - - - 4 3 - - - |10 - - - - - - - -
Fyparrhenis dissoluta 50f 4 4 .9 - - - 4 3 L] - - - ol- - - - - - 2 2 6
H, tilipendula 100 3 2 5 7 5 12 3 10 g8 6 5 8 f100|9 10, 24 8 8 14 5 5 15
Loudetia knperensis 50 16 2 6 - - - 24 4 - - - 30 ] - - - - - - 21 3 8
Sataria sphacelata 40141 ~ - - 3 2 - - - 33 18 1 30 |- 12 4 7 - - -
Sporobolus pyramidalis 36| -~ - - - - -~ 8 3 - - - 10 | - - . - - - -
Thszads triandpa 100143 19 43 3B 17 41 32 i 39 50 22 36 |100 |12 T 18 17 11 19 6 4 12
. 45 42 36 62 41 57 34

} e

e o
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bi tree shade
b, Shade communities i‘r:q_. q no. 1 ﬁ"f‘l‘ g no. 1.

" . % g %

10 | no. coz')er JB.;;:: 5 no. co%er jg.:;::
Beckeropsis uniséta 20| - - - 40 - - -
Brachiaria brizantha 30|28 3 4 60 | - - -
B. decumbens 100§ 60 " 10 15 100 162 10 18"
3, platynoia 20[ - - - 80 (10 2 4
Chloris gayana 8017 4 & 100 118 .8 15
Cymbopogen afronardus 0] - - - 40 - - -
Hyparrhenia oymbaria - = - - - - - -
H ﬁiipsndula & - - - 80 3 3 6
Panicun parioum 100 {20 - 25 39 100 f11 14 26
Beteria kagerensis 100 {90 20 30 100 |36 8 15
8¢ sphacelata 6] - - - 100 |15 5 9
Thereds triandra 009 4 6 eo g 4 7

15

kil

26

22

28

bii thicket savannz

| vis1 gaty s

Qs no, 2,
Z

3

% grase

w o 3

"

no. cover layer
—— e

48
10

20

freqe.
#
5

20
80
()
40

80

100
100

40

Qe nNoe 1.

% grass
no. cover layer

100

20

14
54

27

18

12

ki

1

25
16

73
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Béckeropsis uniseta
Brachiaria deccumbens
Chloris gayana
Cymbopogon afronardus
C, excavatus

Digitaria diagonalis
Emtheca abyasinica
Eyparrhenia cymbaria
. diplandra

B, filipsndula
Imperata cylindriga
Lolinis spp,

Panicin maximum
}Sebaris Kagerensis
Setarla sphacelata
w:"irinndra

6. Beckeropsis unisets - Hyparrhenia cymbaria f. Cymbopogon excavatus - Melinis-spp.
freq.) + g. no. 1 q. no. Qe N0, 3 fl‘eﬁq.‘ qe N0, 2 Qe no. 3
% % grass ) grfss ¢ gress * % : :
10 | no. cover layer | no. cover layer | no. cover layer{ 7 [no. cover 1d¥er | no. cover i;:i no. cofer ﬁ;zi
100114 20 30 16 23 32 11 16 24 100 22 32 43 5 8 "
100 | 20 5 5 14 3 4 18 4 [ 70 18 2 3 9 1 1
Bor6 5 88 7 10 |6 5 g 40 T
0{ - - - - - - 3 4 6 40 - - - - - -
- - - - -~ - - - - - 60 {29 23 18 24 18 12 17
0 - - - - - - - - - 60 - - - 9 6 8
i B I N - =7 - {3 2 3
100 111 21 30 19 18 25 8 16 24 30 - - - 4 8 "
-1 - - - - - - - - - 40 3 5 6 - - -
0} - - - 2 2 3 3 3 5 100 6 8 10 5 7 10
-1 < . - - - - - - 40 18 4 5 - - -
- - - - - - - - - - 100 |44 42 4 5 50 44 20
80i5 9 13 4 6 8 2 2 3 60 4 4 5 8 8 n
g7 2 I op1t 3 4 118 5 1 - - - - - - =~
0 - - - - - - - - - 40 9 2 3 21 6 8
50110 7 11 15 10 14 |18 12 18 40 9 5 6 - - -
67 73 &7 74 12

i e e

e
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5. Acacia gerrardii = Acociq vermoeenii

% wood,;

%

L]
.m0, 5 freq.

%
% wood,

oody
cover fayer po. cover layer 5

fraq. g nol Q. no, 2 q-na. 3 9. 00, 4
% % % %
% woody % woody
10 no. caver loyer no. cover layar no. cover layer no.

Acatic bervispica - e e e e e e e L
J— 085 0 72 14 28 B 10 n o e oz
A hoekii 1w ouo 2 810 1 2 g 2 18 2
2. solrcontho . T
A, vieberiona R S
A xermousenii 10 2 3 33 2 13 7 « 7 a0 5 3
Albizis spp. e e e e e oL
Dickestachys - - - - L
Entoda cbyminica 0 - - - . - .3 4 s 5 4

Fousa - e .. - ..
icket compoments 100 - 4 37 ¢ n [EAE T °
u I & 75

- - - w
9 6 2 7
15 2 40
- - - 100
2 2 - 20
2 8 41 g0

18 &0

A. polyacentha 62 A.vermocsenit

A.polyacontha - +polyaconthy -

A
63 Albizlo 1pp,

aene. ) fren. squmo.t faq. q.no 1
% % % % '
% woody wood % woody
no- coverlayer 7 no. covarlayer 5 no. cover fayer
. .. - - - .
- - -0 3 7 0 8 10 2
- - w3 -8 8 2
Y6 5 8100 10 38 90 5 1 3
" S,
1219900 3 13 % 109 s 2
T, 00 s 25 ’
9 100 4 &0 2«
4 “ 6
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aliifi
2iif2 .
aii/ 3

bi/t

bii/1

bii/e
biii/1

2/1
2/2

211
24/2

1
32

e/1
of2
e/3
)
/2

s

-2- avd

I Ishure lowland (TQ 860488); 4300 fteaes.1l.; interfluve crest;
wooded savamna

W Koki Hills (TQ 961453); 4100 ftea.s.1.; Poothill pediments
grass savanna.

E Tyabushozi lowland (TQ 723561); 4350 Tt.a.s.1.; interfluve stope;
tree savanna. P
as in 1/1

Ishura lowland (TQ 892405); 4250 fteaue.l.; interfluve crests

dense thicket savanna. .

as in 1v/3

W Hakivali lowland (7Q 620054); 4350 ft. a.s.l.; upper lowland
valley; wooded savanna.

Lbure lowland (TQ 696330); 4080 ftea.s.1l.5 interfluve crest;
densley wooded savanna (cleared in 1933)

Yburo lowland (TQ 695304); 4150 ft.a.s.1l.3 interfluve crest;
densely wooded ssvanna.

as in biii/l

¥ Hakivali lowland (TQ 667066); 4350 ft.a.s.1.; upper lowland
valley; densely wooded savanna.

a8 in aiifl

E llyabushozi lowland (TQ 882569); 4300 ft.a.s.1l.; interfluve orest;
wooded savanna

Lower Kabingo valley (7Q 556136); 4400 ft. a¢8.1.5 gully mouth;
woodland.

Orichinge valley (TP 516962); 4250 ft.a.s.1.5 small valley mouth;
wooded savanna.

7 Nakivali lowland (TQ 594100); 4150 fteaesele; small valley
mouth; wooded savanna

Kasuoba hillrass (7Q 724045); 5300 ft.a.s.1.; upland crests
woodland,

B Rugagsr 1illpass (Tq 852074); 4850 ft.a.s.l.; upland crest,
trae savanna

Jgarera hilin
dad 5

lpass (T 602994); 5350 ft.a.s.1.; upland crosty
ooen woodad anns

2
avanng




51
5/2

53
5/

5/5
/1

63/1
B

as in /2

Bigesha lowland (TP 597932); 4200 ft.a.s.l.; valley mouth
densely wooded savanna. ’

as in £/1

Kasumba hillmass (TP 693920); 5200 ft.a.s8.1.5 upland crest:
woodland. N ’

as in £/3

Orichinga valley (TQ 537078); 4150 Pt.a.a.le; small valley mouths
woodland. ?

as in e/l

T.Eoki Kills (TQ 962431); 4150 ft.a.s.1.; mid-pediment slope;
densely wooded savanna. B ?
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Map 4 : Physiography of Southwest Uzanda

Regions and Subregions

A. Lakeside Region
1. Coastal plain (X 2, b)

2, Eill belt (VIa, d, e)
B, Xatonga Platean .
3. Vemala basin (VIb; VIIld; Xo)
4. Mawogola rolling plains (VIc; VIIIe)
5. Byabbbhozi tor landscape (VIIa, bj VIII £, h)

C. Ankoleen Upland Region

6. Northern downlands and outliers (I117a; IVa, by V; ViIa, ¢; VIIIe)

7. Xoki Hills (II¥c, 4, e)
8, Koki footbills (IITe)
9. Isingiro Hills (II; IIIb)

10

Rwampara Mountains (Ia, c, )

11. Southern downlands and outliers (IVb, ¢; VIIa, o; VIIIe)
12. Kigezi Mountaina (Ib, e, 4, e)
13, Bushenyi plateau (VIII f, g)

14. Buhwezu Nigtland (Ia, b, ¢, e)

15. Rift Slope (VIIIb, g, h)

D. Toro-Hubende Upland Reglon
‘16, Toro rolling pleins (VIe, £3 VIIIb)
17. Mubende tor landscape (VIIa; VIIIf)

18. Rift slope (VITID)




=. Singo Hills Region
19. Singo Hills (V)

P. Horthern ldengo Region
20. Worthern Uengo (VIIIz)

H. Western Rift Valley Region
21. Lake Edward plains (IXa, b)
22, Ruwenzori (IXe)

23. Leke Albert pleins (IXa)
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liap 4 : Physiography of Southwest Uganda

Geomorphic characteristics

I Upland blocks with predominance of Ankole Surface (Jurassic) remnants

8

o

Continuous upland blocks — well-preserved Ankole Surface remnants
Crest sltitude: 5,000-6,300 £t a.s.l.

bevelled-convex cresis; sieep slopes

narrowly v-skeped, ungraded, valleys

Continuous upland blocks — well-preserved Ankole Surface remnentis
Crest 2ltitude 5,500-8,30C ft a.s.l.

bevelled—convex cresis; steep slopes

narrowly u-shaped, aggraded to drowned valleys

Continuous upland blocks - well-preserved Ankole Surface remnants
Crest sltitude: 5,500-8,300 't a.s.l.

vevelled~convex crests; stsep slopes

broadly u-shaped,-d;owned (lacustrine) valleys

Discontinuous upland blocks - occasional Ankole Surface remnants
Crest eltitude: 6,000-7,500 ft a.s.l.

pevelled-ccnvex to convex crests; steep to moderats slopes
narrovly u—shnpedlshort pedimentedlaggraded ton;;dimentukves ungraded
valleys

Continuous uplend blocks - degraded remnants of Ankole Surface
Crest cltitude: 5,000-7,000 ft a.s.1.

Convex crests; steep to moderate slopes

narrowly v-sheped, rejuvenated valleys
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IT Uplend blocks with both Ankole and Koki (0rstaceous) Surface remnants

Crest sltitude: 4,900-5,650 Tt a.s.i.
bevelled—convex crests; steep to moderate slopes i
narrovly tc breadly v-staped, ungraded valleys

III Upland blocka with both Koki and Bugenda (early—Tertiarv) Surface
remnents

a. Continuous upland blocks with Koki Surface remnants and modified residuals

of Ankole Surface

Crest altitude: 4,900-5,650 ft z.s8.1.
bevelled-convex crests; steep slopes
narrowly v-shaped ungraded valleys . |
b. Continuous upland blocks with well-preserved rements of Koki and
Buganda Surfaces
Crest altitude: 4,500-5,150 £t z2.s.1.
bevelled-cenvex cresis; moderate slopes .
narrowly to broadly v-sheped, ungraded valleys
¢. Continuous upland blocks with well-presecrved Buganda Surface {1ithologicaly
controlled) and occasional Koki Surface remnants
Crest altitude: 4,5C0-5,100 £t 2.s.1,
vevelled cresis; steep to moderate slopes
narrowly to broadly v-staped, ungraded velleys
1. Discontinuous upland blocks with well-preserved Buganda Surfece remnants
{1ithologically controlled)
Crest altitude: 4,500-4,800 ft z.s,1.
pevellsd crests; steep to moderzte slopes

narrowly to brocdly u-shaped, partially eggraded velleys




e. Discontinuous upland blocks with modified Buganda Surface remnants
(1ithologically controlled)
Crest altitude: 4,300-4,500 f$ a.s.1.
bevelled crests; moderate slopes

lowland, aggraded or drowned velleys with distinct pediments

IV Residuzl upland with remnants of Ankole (1ithologically controlled) or

Yoki Surfaces

[

Humerous upland residuels with well-preserved surface remnants
Crest altitude: 4,960-5,200 ft a.s.1.
bevelled-convex crests; steep slopes
broadly u-sheped and lowland, aggraded velleys; distinct pediments
b, Occesional upland residusls with well-preserved surface remnants
Crest altitude: 4,900-7,200 £t o.s.1.
bevelled—convex cresis; steep to moderate slopes
ilowiend valleys, aggraded with distinct pediments
¢. Occasional upland residuals with modified surface remnants
Crest altitude: .3,900-6,000 ft a.s.l.

convex crests; modarate slopes

broadly v-shzped, ungraded to lowland of rolling interfluves and broad

drovmed valleys

v Residual uplend with modified aAnkole and well-praserved Hoki/Bugande
Surfece pattern

Crest altitude: 4,500-5,450 £t a.s.l,

bevelled-convexr crests; steep to moderate slopes

narrowly u-shaped, aggraded and drowned valleys




VI Residuel upland with Buganda Surface remnants in Tangenyika Surface

al

Landscape

well-preserved remnants of the Buganda Surface

Crest 2ltitude: 4,200-4,400 or 5,300-5,5C0 £t a.s.1.

Flat crests; moderate to gentle slopes

Lowland; distinet pediments;

incised ungraded or flat floored agsraded valleys

Cccasionzl well-preserved remnznts of Buganda Surface

Crest eltitude: 4,600-4,800 ff; interfluve altitude: 4,000-4,200 fi a.s.l.
flat crests; gentle slopes or rolling interfluves with distinct pediments
great proportion of flat floored, aggraded and drowned valleys

As in VIb except !

few flat floored aggraded valleys; mostly incised ungraded

Few well~preserved remnants of Buganda Surface

Crest altitude: 4,200-4,400 ft; interfluve altitude: 4,000-4,200 ft a.s.l.
flat crests; gentle slopes or gently rolling interfluves with long
pediments

great proporticn of flat floored, aggraded uznd drowned velleys

Cccaaional meodified remnants of Buganda Surface

Crest altitude: 4,200-4,300 ft; interfluve 2liitude: 4,000-4,200 "t a.s.1.
convex crests; gentle slopes or gently rolling interfluves with long
aediments

great proportion of flet floored, aggraded and drowned valleys

Pew modified remnants of Buganda Surface

Crest altitude: 4,600-5,100 ft; interfluve altitude: 4,000-4,6C0 ft a.s,l,

cenvex crosts; moderate slopes; rolling interfluves with distinct pediments

very czull proportion of aggraded valleys; mostly inoised and ungraded




VII Geologically controlled erosion surfaces

8

Tor landscape and promineni quartzite ridges, partly above Buganda Surface
Crest 2ltitude: 4,500-4,850 ft; interfluve altitude: 4,200-4,500 £t a.s.l.:
narrow crests; steep slopes; rolling interfluves with distinct pediménts
varizble valleys

Tor and quartzite ridge landscape with well-preserved remnants of Buganda
Surface

Crest altimde: 4,600-4,800 f£t; interfluve altitude: 4,200-4,600 £t a.3.1.
flat orests; moderate slopes; rolling interfluves with distinct pediments
flat floored aggraded and drovmed valleys

1ithologically controlled lowland of the Tanganyika Surface with few
quartzite ridges

Crest altitude: 4,400-4,500 ft or 5,000-5,100 ft; interfluve altitude:
4,200—4,300 £+ or 4,600-5,000 ft a,s.1.

Undulating interfluves

wide Tlat floored aggraded and drowned valleys

VIII Lowland landscape of the Tanganyika and Acholi !End Tertiary and

.

Pleistocene! Surfaces

Tanganyika end Acholi Surfaces in similar proportionsj outliers-modified
Bugende Surface

jnterfluve cltitude: 3,500-3,800 ft; outlier crest altitude: 3,800-4,100
Tt

Gently rolling interfluves with long gentle pediments

Jide, flat floored, aggraded and drowmed valleys

depraded Tanganyike Surface on Rift shoulder with unmodified surface

remnents and older surface residuals
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interfluve altitudes: 4,200-4,400 £t a.s.1.; crest eltitude: 4,800-6,000 £t
a,s.1,

bevelled crests with steep slopes; rolling interfluves with distinct
pediments l

incised, rejuvenated velleys

Tangenyike Surface with small proportion of Acholi Surface

interfluve altitude 4,000-4,400 £t a,s.1.

Gently rolling interfluves; long and gentle pediments

flat floored slightly aggraded and drowned; or incised ungraded valleys
Tanganyika Surface and exhumed sub-Singo surface with large proportion
of Acholi Surface

interfluve altitude: 4,000-4,400 ft a.s.1.

Gently rolling interfluves; long end gentle pediments

flat floored aggraded and drowned valleys

Jograded Tenganyika Surface on Rift shoulder

Interfluve altitude: 4,000-6,000 £t n.s.1.

Sloping ridges; steep slopes or rolling interfluves with moderate slopes
incised, ungraded rejuvenated valleys

Etched Tanganyike Surfece - tor and/or quartzite ridge landscape

crest altitude: 4,600-4,300 £t or 55400-5,7.0 £t a.s.1.; interfluve
eltitude: 4,200-4,500 ft or 5,000-5,400 Tt a.s.1.

Gently rolling interfluves; long and gentle pediments

flut floored, slizhtly aggraded and drovmed, or incised ungraded valleys
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Hodified Tanganyika Surface with modified residuals of older surfaces
Crest altitude: 6,000-6,400 f£t; interfluve altitude 5,200-5,600 £t a.s.l.
Gently rolling interfluves with distinct pediments; bevelled-convex
crests moderate slopes

incised ungraded or slightly aggraded and d-cvmed valleys

Lodified Tanganyika Surface

interfluve altitude: .},400-4,700 ft a.s.l,

rolling interfluves with distinct pediments

incised streambeds below azgraded valley floors

Rift Valley Surfaces

Rift floor plains on old lacustrine sediments

interfluve altitude: 3,000-3,700 ft a.s.l.

Gently undulating interfluves

incised valleys or lake shore flats

Rift floor plains on late volcanics

plain and hummock altitude 3,000-4,500 £t a.s.1.

hummocky volcanics or almost flat plains

shellowly incised valleys

Pectonically elevated Hift struecture - probably multi-level
Lacustrine Surfaces

Lacustrine plain with isolated remnents of older surfaces
crest eltitude: 4,200-3,500 £t a.s.l.; plain altitude: 3,800,000 ft a@.s.l
convex crests with steep slopes; gently undulating interfluves
flut floored 2pograded skallow valloys und extensive flats
Licustrine plain emergent or seasonelly inundeted

21titudo: 3,700-3,800 £t z.s.l.

fizta




¢, Lacustrine plain - flooded

altitude: 3,7C0-3,8C0 £t a.s.l.
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Map4a Physiographic Units

I. South Ankolean Highland Subregion

A. South Ankolean Highlands

1. Rwampara Mountains (I)
1a. Central
1b, Eastern
2. Western Isingiro (IT)
2a. Ngarama hillmass
2b. Kasumba (Bukanga) hillmass
; 2c. Kagango (Upper Bigasha) Valley (ve)
3. Eastern Isingiro (Rugaga hillmass) (IIIb)
B. Koki Hills
k. Western Koki (IIIc)
5. Karunga Valley (Iva)

6. Northern Koki (IIle)

Northern downlands and outliers

e

7. Rwampara's northern fringe
7a. Foothill spurs (IITe)
7b. Gayaza hillmass (IIIa)
- 8. Bihunya-Kabulangire range
fa. Rukoma-Bihunya hills (11Te)
8b. Kabulangire-Kishasha hills (IIId)
g. lishara Upland
Ga. Nyamitsindo-Ihunga Hills (IIIQ)

gb. Hiarwete-Kakumyu ridge (I1Id)

'
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10.

13.

9¢c. Lower Ruizi basin (IVd)

9d. Kakunyu Spurs and benches (IVb)
9e. Sanga Hills (IVd)

Bugarama Hills

10a. Mpororo spurs {(IVd)

10b. Bugarama ridge (IVb)
Naldivali-Mburo lowland

1la. Eastern (Va)

11b. Western (Vc)

. Masha arena

12a. Eastern (Vb)

12b. Western (Ve)
Mbarara arena

13a. Northeastern (Ve)

13b. Southern (Vb)

Inter-upland valleys

14,

15.

Orichinga-Muko Valley (VIa)

Nyabubare Valley (VIa)

Southern downlands

16.
17.
18.
19.

Ikariro lowland (Vb)
Bwarkasani lowland (Vd)
Bigasha lowland (VIb)
Kagera Valley (VIc)
19a. Neongezi gorge

19b. Kagera valley

Ry




II Nyabushozi subregion (Katonga Plateau Region)

20.
21.
22.
23.
2k,
25.

Mazinga lowland (VIIb)

Ishura (Kateti) lowland (VIIb)
Fast, Nyabushozi lowland (VIIc)
Central Nyabushozi (VIia)
Mbuga-Bubale lowland (VIId)

Mawogola Subregion (VIIc)

s ente s et

TR

P




Map4aGeomorphic Features (based on McConnell's postulated erosion surfaces)

II

I11

IIIa

Predominance of the Ankole Surface

Major, simple folds; an alternate, high-grade, phyllite-quartzite
succession

Rectilinear orographic pattern; topographic continuity along ridge-lines.
Crest altitude: 5,000-5,900 ft a.s.l.

Crests: bevelled-convex; slopes — high (over 500 ft) and steep (over 20°)
Valleys: narrowly v-shaped; ungraded

Ankole/Koki Surface mosaic

Complex, broad, synclinal structure; heterogeneous arenaceous succession
Radial and rectilinear orographic pattern; topographic continuity along
ridge~-lines

Crest altitude: 4,800-5,600 ft a.s.l.

Crests: bevelled-convex; slopes - high and moderate to steep (over 150)
Valleys: broadly v-shaped; ungraded

Koki/Buganda surface patterns

Predominance of Koki Surface remnants

Major, simple synclimal structure; an alternate (high grade) phyllite-
quartzite succession

Rectilinear orographic pattern; topographic continuity along ridge-lines
Crest altitude: 4,900-5,250 ft a.s.l.

Crests: bevelled-convex; slopes high and steep.

Valleys: narrowly v-shaped; ungraded.
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I11c

1114

Koki. Surface remnants in at least half crest-area
Complex, broad, synclinal structure; consecutive arenaceous-argillaceousj
(low-grade phyllite) succession

Dendritic orographic pattern; topographic continuity along ridge-lines
Crest altitude: %,500-5,150 ft a.s.l.

Crests: bevelled-convex; slopes medium to low (below 500 ft), moderate
(10°-20°)

Valleys: shallow aﬁd u~-shaped to narrowly v-shaped; ungraded

Few remnants of Koki Surface

Complex structure of minor folds; predominantly argillaceous succession
grading from phyllites to shales.

Dendritic to rectilinear orogfaphic pattern; topographic discontinuity
along ridge-lines

Crest altitude: 4,500-5,100 ft a.s.l.

Crests: bevelled (convex crest-slopes); slopes medium to low; moderate
to steep

Valleys: broadly v-shaped; partly graded

Koki Surface on outliers (with modified Ankole Surface residuals)
Simple, mostly synclinal, fold structure; dternate high-grade succession
with at least one massive quartzite band

Orographic pattern variable; topographi‘ continuous to discontinuous
Crest altitude: 4,900-5,600 ft a.s.l.

Crests: bevelled-convex; slopes high and steep

Valleys: -

e it
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IITe Few isolated and modified remnants of Koki Surface

v

IVa

Ivb

IVe

Structure - variable; lithology - variable

Orographic pattern - variable; topographic discontinuity along ridge-
lines

Crest altitude; 4,900-5,300 ft a.s.l. or #,500-4,800 ft a.s.l.

Crests: bevelled-convex or bevelled: slopes medium to low - moderate
(10°-20%)

Valleys: u-shaped, broad to narrow; narrow pediments; mostly graded and

partially aggraded.

Predominance of the Buganda Surface

Erosionally lowered parts of the Buganda Surface

Benches on valley sides at 4,300-4,500 ft a.s.l.

Valleys: mostly drowned or seasonally inundated

Continuous remnants of the Buganda Surface

Minor, sub-parallel, fold structure (mainly synclinal); high grade
phyllite with minor quartzite bands.

Rectilinear pattern; topographical continuity

Crest altitude: 4,600-4,800 ft a.s.l.

Crests: bevelled (convex crest slopes); slopes medium and moderate
Valleys: -

Strucuurally elevated Buganda Surface ,

Structure - undetermined; alternate quartzite—argill;ke succession
Rectilinear orographic pattern; topographic continuity along ridge-lines
Crest altitude: 4,600-5,000 ft a.sJl.

Crests: bevelled-convex; slopes: medium, moderate to steep
Valleys: narrowly u-shaped; narrow pediments; partially graded and

aggraded.




IVd Discontinuous remmants of Buganda Surface

Structure - undetermined; phyllites variously graded
Dendritic orographic pattern; topographic discontinuity
Crest altitude - 4,600-4,800 ft a.s.l.

Cresés: bevelled, scarpped; slopes low, mcderate

Valleys: narrowly u-shaped with short pediments, mostly ungraded.

V-VII Predominance of Tanganyika Surface

v

Va

Arenas and arena-like lowlands

Iarge proportion of Acholi Surface

Limb of a broad synclinal structure; mica-schists interbedded with
guartzites

Rectilinear pattern; prominent quartzite ridges

Interfluve altitude: 4,200-4,300 ft a.s.l.; quartzite ridge altitude:
4,300-4,500 £t a.s.l.

Interfluve crests: broad, bevelled; quartzite ridge crests: narrow,
convex; slopes: short, gentle to moderate

Valleys: Mostly drowned, aggraded and intermittently flooded, shallow
and wide, flat floored

large proportion of Acholi Surface (Flat-floored Valley Surface)

Limb of a broad synclinal structure or metamorphic aureole; mica schists

interbedded with metasedimentary quartzite or penetrated by tectonic
quartzite

Dendritic pattern; topographical discontinuity along ridge-lines
Interfluve altitude: 4,200-4,500 ft a.s.l.; quartzite ridge crests:
4,400~4,700 ft a.s.l.

Interfluve crests: broad, undulating; quartzite crests: narrow, convex;

slopes - as in Va.

Y4




Ve

va

Ve

Valleys: wide, flat-floored, mostly aggraded and intermittently
fiooded but not drowned; some shallowly incised.

large proportion of Acholi Surface

Iimb of broad synclinal structure; mica schists - no quartzite
Rectilinear pattern; topographic continuity

Tnterfluve altitude: 4,200-4,300 ft a.s.l.

Interfluve crests: as ir Va

Valleys: as in Va.

large proportion of Acholi Surface

Structure undetermined; quartz schists (Toro)
Rectilinear-dendritic pattern; topographic continuity
Interfluve altitude: 4,300-4,450 ft a.s.l.

Interfluve crests: very broad and bevelled; laterite capped; slopes
long, gentle to moderate

Valleys: as in Vb.

Small proportion of Acholi Surface

Core of dome-like intrusion; granites

Dendritic orographic pattern; topographical continuity
Interfluve altitude: 4,400-4,600 ft a.s.l.

Interfluve crests: convex; slopes = long and gentle

Valleys: wide to narrow; flat floored but mostly incised; partially an§

slightly aggraded




VI

Via

VIb

Vic

VIiI

Vila

Vilb

Vilc

- : . R et e 1L

Inter-upland valleys and lowlands; structurally controlled; phyllitic(?)
Short to medium moderate to gentle pediments; narrow, incised or narrow
flooded or drowned stream beds 4,100-4,300 ft a.s.l.

Long, gentle to moderate pediments; narrow incised and ungraded
4,000-4,200 ft a.s.l.

Short, moderate pediments, ungraded valleys. 4,200-4,400 £t a.s.l.
Undulating plains of granitoid rocks

Frequent laterite-capped remnants of Buganda Surface

Dendritic orographic pattern; topographic discontinuity along ridge line
Tnterfluve altitude: 4,400-4,600 ft a.s.l.; laterite caps: 4, 600-4,800
ft. ‘ St
Interfluve crests: smoothly rounded and undulating to flat and scarpped;
slopes long and gentle to moderate

Valleys: wide, flat-floored; shallow; thinly aggraded and seasonally
flooded tributaries: narrow, incised.

Few remmants of Buganda Surface; 'tor' landscape and tectonic quartzite
ridges

Orographic pattern and topography - as in VIIa

Interfluve altitude: 4,300-4,500; quartzite ridges and remmants:
4,500-5,000 ft a.s.1.

Interfluve crests as in VIIa; quartzite ridges - convex, steep slopes .
Valleys: as in VIIa; more heavily aggraded and inundated.

No remnants of Buganda Surface; 'tor' landscape and tectonic quartzite%

ridges

larger proporticn of Flat-floored Valley Surface
Tnterfluve altitude: 4,200-4,L400 ft a.s.l.; quartzite ridges and tors:

l"l{OO-’-hﬁOO a.s.1l.

pvy




Valleys: as in VIIa; but heavily aggraded and at times drowned.
VII4 Few tors and quartzite ridges; Acholi Surface dissected

Interfluve albitude: %,600-4,850 ft a.s.l.

Valleys: parrow floored, unaggraded and uninundated.

oS
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Shales and Mudstones

Phyllite

Guartzite

Schists

Schists
Intrusive Granite

Tectonic Quartz

Gnelssose Granite
Porphyritic Granite

Granodiorite

CY1
FF]

Granulites

Tors - Systems

.

?Karagwe Ankolean System

> Basement Complex
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Mop 4 1 Savthwest Waando - Physiography
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Map 5: Southwest Uganda =« Aunval Rainfall
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