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INTRODUCTION
Of the catchment area of some 150,000 square
miles v/hich the river Volta drains, only some. 60,000
square miles lie within the Gold Coast and Togoland under
United Kingdom Trusteeship»
Some 60 per cent, of the
catchment area, including the sources of the major tributaries, lie within territory under French administration,
mainly within the territory of Haute Volta.
In connection with the proposed Volta River Project, therefore,
it. is plainly of some interest and importance to the Gold
Coast that it should know what influence conditions in
the territory "beyond her control might have on the supply
of water to and the rate of silting of the proposed
reservoir.
Por this reason, the Director of Soil and
Land-Use Survey considered it advisable that some knowledge
of environmental conditions within Haute Volta should be
obtained, and arranged to detail an officer for this work.
The visit had additional objectives, however.
Pedologically, it was desirable to examine soil formation
under increasingly arid conditions northwards so that the•
Gold Coast soils might be seen in broader perspective and
to ensure that the classification system being worked out
for them might form part of a scheme with more than local
significance.
Geomorphologically, it was desirable to
establish whether additional evidence existed in the upper
half of the Volta basin which might contribute to a better
knowledge of the erosional history of the Gold Coast, of
great importance in understanding the development of many
of its soils.
Prom the point of view of land-use, it was
desirable to compare environmental and agricultural conditions with those of the Northern Territories of the Gold
Coast where soil, vegetation and land-use surveys have
recently commenced, and to discuss with representatives of
the appropriate government services methods of tackling the
socio-economic problems of these interior savannah regions.
In addition, at the meeting of the West African
Regional Committee for Soil Conservation and LandUtilization which it is proposed should be held in Kumasi
towards the end of 1955, there will be on the agenda the
question of soil conservation in the Volta basin and the
preparation of a classification of West African soils as
part of the programme instituted by the C.C.T.A. for the
compilation of a Soils Map of Africa.
It was therefore
considered desirable that one of the Gold Coast representatives should acquire at first-hand some knowledge of the
environmental and agricultural conditions obtaining over
a broader section of the climatic zones of Yifest Africa than
are represented in the Gold Coast.
Approval for the visit was given by the Governor
of Haute Volta in a telegram to the Governor of the Gold
Coast dated 23rd December, 195U.
The journey was made in
a Bedford 25 cwt. pick-up, leaving departmental headquarters at Kumasi on January 28th to enter Plaute Volta
via Bawku on January 30th and returning to the Gold Coast
via Ouessa and Lawra on March 3rd to reach Kumasi on March
8th.
A total of 33 days were therefore spent in Haute
Volta.
Commission pour la Cooperation Technique en Afrique
au sud du Sahara.

• 2 On January 31st, a meeting was held in Ouagadougou with heads or representatives of the Services
d'Agriculture, d'Elevage, des Eaux et Forets and Hydrauliquc
and of le Plan at v/hich the objects of the visit were
explained, a "brief discussion of common problems was made
and an itinerary arranged»
Thereafter, a tour of some
3,000 miles was made round the territory.
Details of
the itinerary are given in an appendix and shown on Map 1.
The value of the trip was greatly enhanced "by
the assistance and hospitality unstintingly given "by
Commandants, Assistant Commandants, heads of the Services
d'Agriculture, d'Elevage, des Eaux et Forets and Hydraulique and their regional representatives, as well as
numerous private individuals, including the American Assembly of God missionaries at Kaya and Ouahigouya.
Appreciation must "be expressed here, too, for the help given by
the doctors and medical assistants at Kaya, Dori and
Ouahigouya irhen the writer's driver fell sick.
It seems necessary to point out the limitations
of the method of survey used.
So rapid "a journey naturally provided little opportunity for detailed observations.
On such journeys, there is rarely time to dig
or auger holes to examine the soil in depth: one must
rely on natural exposures in gullies or stream-banks, or
on artificial exposures in roadside or railway cuttings,
ditches and borrow-pits or in unlined wells.
Such exposures were relatively frequent along the major routes> but
absent or unsatisfactory along some of the minor roads,
particularly in the north»
Further, when observations are.
almost entirely confined to what can be seen from the road,
it is not easy to assess the real extent of soil erosion
and degradation of the natural vegetation since disturbance
by settlement, cultivation and movement of trade animals
is usually more intense near the roads than it is only a
few miles away, although one cannot always be certain
that this is in fact the case on any particular occasion.

THE PHYSICAL ENVIRONMENT
Location
Haute Volta lies between latitudes 10° and 13° N,
and longitudes 5° W* and 2° E. (approximately). The
greater length of the southern frontier, more~or-less
following latitude 11° N, , coincides with the northern
limits of the Northern Territories of the Gold Coast,
Togoland and part of Dahomey; but a short section in
the west delimits the Ivory Coast at approximately 10° N.
In the east, the territory is bounded by French Niger;
in the north and west by French Sudan.
It covers an
area of approximately 100,000 square miles.

Geology (Map 2)
The major geological formations of Haute Volta
are similar to those of the Gold Coast,
Upper and Lower
Birrimian and Tarkwaian formations, consisting of steeplydipping amphibolite schists, greywackes, phyllites and
quartzites, often closely veined with quartz, occur in

relatively narrow, N.N.E. - S.S.W* belts separated "by wide
areas of intrusive granites apparently coinciding with the
'older' and 'younger' granites of the Gold Coast.
As
often seems to "be the case in the Gold Coast, too, areas
indicated on the map as underlain "by granite frequently
seem to consist of widely-separated, often linear, granite
outcrops separated by extensive areas of thoroughly Y/eatliered and unrecognizable rocks which the superficial soils
indicate are predominantly fine-textured, probably schis*tose.
In the west, these pre-Cambrian formations are
overlain by non-metamorphosed sedimentary rocks which are
regarded as Cambrian in age: in the parts visited, these
consisted largely of sandstones similar to those of the
Voltalan system in the Gold Coastj no shales were seen
such as those of the Lower Voltaian which are areally of
such importance in the northern savannah regions of the
Gold Coast.
The sediments of the Sourou basin —' consolidated Gondo series of Tertiary age and unconsolidated
Recent alluvium — appear to have no equivalent in the
Gold Coast.
Quaternary sand-dunes occur in the extreme
north..

Relief and drainage
Large tracts of Haute Volta, more particularly
those underlain by the 'older' granite, are almost lacking
in relief, but this general monotony is occasionally
relieved in Birrimian areas by steep-sided hills or ranges
rising from 50 to more than 1,000 feet above the surrounding country and by ironpan-capped buttes vcg to about 200
feet high.
The Cambrian sandstones in the west provide
a south-east or south-facing scarp increasing in height
westwards from almost nothing near Dedougou to around
1,000 feet west of Banfora: this scarp is generally less
imposing and less uniform longitudinally and in profile
than that of the Upper Voltaian in the Gold Coast.
More
rolling country occurs behind the Cambrian scarp, over some
of the younger granites — which at rare intervals provide
dome-shaped inselbergs «~ and over the old desert dunes
in the extreme north.
As its name implies, the country consists largely
of the upper drainage basin of the Volta system; but
relatively small areas in the south-west and in the north
and the east drain, respectively, towards the Ivory Coast
or the Niger.
The Black Volta, draining from the sedimentary rocks in the west, is the only one of the three major
tributaries possessing a permanent flow: the White Volta,
which drains a similar area, and the Red Volta, a smaller
tributary, are reduced to pools by the end of the dry
season.
All have a considerable flow during the rainy
season.
They all seem to be liable to sudden fluctuations
in level, suggesting that there is considerable surface
run-off within their catchments during heavy rainfall.
The visit was of particular value in connection
with the elucidation of the erosional history of the Volta
basin.
Remnants of former erosion surfaces are considerably better preserved than in the northern part of the
Gold Coast, and in places it seems probable that complete
suites of such surfaces are represented.
Unfortunately,
few accurate spot heights could be obtained, and the
figures given below must only be regarded as personal
estimates.

- k .'The highest surface, at a fairly regular height
of around 2,000 feet above sea-level, is preserved on a
number of Upper Birrimian ranges, especially in the
vicinity of Kaya.
The flat summits of these steep-sided
hills were not visited, hut their cliff edge suggests
.that they are capped hy a crustal formation.
In the
•Gold Coast, the crust formed at this level over such rocks
is invariably bauxitic.
This seems to he the case, too,
in Haute Volta, although Ducellier, the geologist met at
Kaya, intimated that samples examined to-date had proved
too siliceous to have present commercial value.
This
erosion surface is regarded hy French geologists as of
Tertiary age, hut v/hether it belongs to the early or late
Tertiary does not seem to have heen specified.

t

It seems probable that the highest summits of
the Cambrian scarp west of Banfora may also preserve
remnants of this upper surface since they are often flattopped at around 2,000 feet, spot heights in two localities being given as 717 and 720 metres.
However, it
could not be determined whether these summits were actually
capped by crustal formations»
There is a vertical interval of about 1,000
feet between the upper surface and the succeeding group of
surfaces.
The erosion cycle responsible for the latter
appears to have been multi-phase, ironpan sheets occurring
at various levels between 5 and about 200 feet above the
level of the present topography.
It is not known whether
the cycle was two- or three-phase, however, for although
there appear to be three surface levels at 5-20, at c.l+0
and C.100+ feet, no more than two seem to occur in any
one area.
Whilst this group of surfaces seems generally
to lie between 750 and 1,000 feet above sea-level, it seems
probable that extensive ironpan sheets at a higher level —
possibly up to 1 ,l|.00 feet — seen behind the Cambrian scarp
on the Banfora-Drodora road may belong to this second
erosion cycle.
FolloY/ing renewed dissection, the ironpan
sheets on this group of surfaces have been left as summitcappings on isolated tabular hills (buttes).
The sheets
rarely carry any soil cover, and generally support only a
scanty vegetation of short grasses and low shrubs.
Towards their edge, the sheets show cubic jointing, so
that vertical cliffs, from 5 to 50 feet high, are left as
erosion causes blocks to fall away.
Only the uppermost
5-10 feet of this cliff is formed by the outcropping
ironpan, however, that part below being the 'case-hardened'
surface of the exposed, highly-mottled and thoroughlyweathered rock underlying it.
Below the cliff, there is
a steep slope (60-100 per cent.) formed over mottled,
thoroughly-weathered rock which indurates only slightly
on exposure.
On this slope occur numerous, large,
ironpan blocks fallen from above.
Towards the foot of
this slope, the rock gradually appears less thoroughly
weathered and mottled, and, in the case of granite, fresh
bouldery outcrops may occur in the lov/ermost 10-20 feet.
There is often a dense thorn thicket at the base of the
ironpan cliff, but the slopes below are usually fairly
sparsely vegetated with tussocky grasses and low shrubs,
and the friable, mottled, highly-weathered rock is frequently exposed in the numerous shallow gullies.
At the
foot of the slope, there is a sharp — although by no means
angular — break to the more gentle slope of the pediment
which continues outv/ards with decreasing gradient to merge
into the ironpan-mantled 'present' surface.
Ironpancapped benches at up to 50 feet sometimes abut the flanks
of the higher buttes; this feature was particularly noticed
in the Kaya-Lac de Bam area»

* 5Buttes of c.hO feet, and particularly c.100+
feet, form conspicuous features in the landscape in many
Birrimian areas, particularly in the Kaya-*Lac de Bam area
and in a N.N.E. - S.S.W. "belt running some 5-10 miles •
east and west of the White Volta on the Ouagadougou-^a&a
n'Gourma road; a few were also seen in Cambrian areas.
Buttes in granite areas, although possibly numerically
more common, are usually less highly conspicuous since
they are usually less extensive and rarely exceed the c.UO
feet level, the majority "belonging to that at 5-20 feet.
Their relative frequency in different areas varies considerably . Y/here most common, in Birrimian areas, the
highest buttes may occur at invervals of only a few hundred
yards; more generally, they occur at intervals of more
than a mile, and over wide areas they appear to be absent.
The low-level ironpan sheets tend to cover only a few
hundred square yards, but those on higher buttes, although
often covering less than an acre, may cover many acres,
and some in Upper Birrimian areas possibly exceed a square
mile in extent.
No pattern was noticed in the arrangement
of buttes in granite and Cambrian areas, but those in
Birrimian areas often seem to be aligned along the regional
strike, as though related to outcrops of particular strata
in these formations.
In some Lower Birrimian areas, it
appeared that the buttes were longer along the strike
than across it, one summit1-capping examined — perhaps an
extreme case — being more than half~a~mile long but
rarely more than 50 yards wide.
Elsewhere, buttes appeared generally to be roughly equidimensional or irregular
in shape.
Of greatest interest are the ironpan remnants
associated with the Upper Birrimian outcrops, particularly
in the Kaya-Lacde Bam area.
Here the old ironpan sheets
are extensive and typically have a sloping surface, probably
exceeding 10° at times.
The highest parts may form a cliff
edge 50-200 feet above the 'present' level, the lower parts
sometimes almost merging into the 'present' level, although
more typically being separated from this by a vertical
interval of 20-50 feet.
These buttes are occasionally
abutted by ironpan-covered benches at 20-50 feet.
These ironpan sheets appear to have formed on
pediments or piedmont slopes adjoining Upper Birrimian
greenstone ranges or inselbergs.
The buttes found associated with the ranges ore arranged in linear fashion on
either side of these features; those associated with
isolated hills are concentrically arranged55.
The ironpan
sheets are not continuous,-but cap isolated buttes occurring at intervals of from a few hundred yards to several
miles.
The summit-cappings on individual buttes often
appear to be convex upwards in the direction parallel to
the inselberg foot and concave outwards perpendicular to
it, suggesting that the ironpan developed in or below gentle
alluvial fans which may or may not have merged to form a
continuous piedmont deposit.
Unfortunately, neither stonelines nor quartz veins were visible in the exposures examined to indicate whether the ironpan had developed in or
below such a piedmont drift; the-evidence in one section
where a granite intrusion was revealed suggested, however,
that here the ironpan had developed directly in the
weathered rock.
A good example of this occurs near Dio on the
Ouahigouya-Tougan road.
Here the ironpan sheet capping the
butte nearest the village is developed in and over granite:
the i&selberg 'core' around which the buttes are arranged,
however, is Of Upper Birrimian greenstone»

- 6The buttes now appear usually to be separated
from the present-day inselbergs and inselberg ranges by
a gap of from half~a-rnile to more than a mile.
In some
cases, in fact, no central inselberg remains, and one
finds opposing lines of buttes facing each other across
1-2 miles of undulating topography forming part of the
succeeding erosion surface.
The gap between the buttes
and the present-day inselberg (where the latter remains)
represents the amount of dissection and scarp-retreat
which has gone on since the end of the erosion cycle
during which the crust-protected pediments developed.
In the majority of cases, it appears that scarp retreat
has affected the inselbergs considerably more than the
crust-protected remnants.
The summit slope of the latter
increasing progressively upwards, sometimes appears at the
scarp edge facing the inselberg to be near the upper limit
of gradient on which ironpan might reasonably be expected
to have formed.
Moreover, the pediments surrounding the
buttes are usually less extensive than those adjoining the
present-day inselbergs, the two pediments sometimes merging in a central, and usually indeterminate, drainage
line, but many buttes rising almost directly on all sides
from the extensive pediments of the remaining inselbergs
or from the broad, gentle undulation marking the site of
those that have been eroded since the end of the intermediate erosion cycle.
Although it has been stated that these buttes
with sloping summit-cappings are associated with outcrops
of Upper Birrimian greenstones, the association is not
always direct.
None of the buttes examined, in fact,
actually revealed weathering greenstones on their flanks,
but, variously, phyllites, quartzite (Tarkwaian) and
granite.
In every case, however, the upward slope of the
summit-capping was towards an inselberg or range where the
geological map indicated greenstone outcrops.
The determining factor may therefore have been the large amounts
of iron released in the weathering of these basic rocks
which would be carried down in the drainage water to be
precipitated, to some extent, below the surface of the
adjoining pediments or piedmont slopes where drainage
would be slower and there would be greater loss of water
by evaporation.
It may be added that not all presentday pediments of greenstone hills are ironpan-mantled.
In many areas, heavy, plastic clays developed directly
from the underlying rock are seen.
In the Kaya-Lac de
Bam area, however, it appeared that Upper Birrimian ranges
were adjoined by piedmont slopes carrying accumulations,
probably deep, of ferruginous pseudo-sand or possibly,
aeolian sand in some casesj occasional gullies revealed
a hard, underlying ironpan sheet.
This may indicate that
the summit-cappings on the buttes also developed only
where piedmont accumulation took place on the intermediate erosion surface.
The greater extent of the territory forms part
of the most recent major erosion surface at around 650-750
feet in the east and 800-1,000 feet in the west.
Drainage over the very gentle relief is slow, and the majority
of soils show accumulations of iron hydroxide which over
wide areas have become indurated to form sheet ironpan
similar to that mantling the older erosion surfaces.
This surface is particularly widely developed over the
granites in the Ouagadougou area.

Although this surface has been referred to above
as the 'present' surface, it has itself been dissected,
and perhaps deformed, in relatively recent times.
There
appear to have been three phases: first, one of dissection
during which the lower slopes were steepened and bedrock
sometimes exposed; second, one of alluviation when part
of the newly-excavated valley-bottom was filled with sediments ; then, currently, renewed dissections with streams
cutting into the alluvium and gullies eating back towards
the lower slopes and sometimes up former drainage grooves»
Localized down-warping of the 'present' surface may perhaps be responsible for the formation of the lakes and/or
depressions in the Kaya and Banfora areas.
A prominent terrace often borders the major
rivers at a height of approximately i+0-50 feet above the
river-bed (or approximately 10-20 feet above the present
floodplain).
No terraces at a higher level were
recognized.
The topography of the 'present' surface has been
modified in the extreme north — roughly north of 1k° N. —
by an invasion of desert sand.
The underlying topography
seems to have consisted of occasional inselbergs rising
above extensive intervening pediments and alluvium-filled
depressions, the soils of which had generally not been
ferruginized.
The aeolian sands have occasionally
accumulated to one side — the west, presumably the lee —
of an inselberg, so that from a distance, the tail dunes
can be mistaken for piedmont accumulations.
More usually,
the dunes occur in linear east-west bands 2-3 miles broad
which rise abruptly for 50-100+'feet above the intervening
flats.
North of Dori, these linear dunes occur several
miles apart towards the southern extent of the aeolian
drift, but close up and become almost continuous towards
15° N.
The sand has occasionally interrupted drainage
across the former topography, resulting in the formation
of a few lakes, the water in which tends to be slightly
saline.
This aeolian drift is thought to belong to a
former arid phase of the Quaternary.
Except around settlements, where they tend to be over-cultivated, the sands
have been fixed by vegetation.
Their gently-rolling topography is now stream-controlled.
A belt of interesting topography at the foot
of the Cambrian sandstone escarpment between Banfora and
the French Sudan border seems to have no counterpart at
the foot of the Voltaian escarpment in the Gold Coast.
This belt contains a number of rocky hills, representing
unweathered remnants of the crystalline rocks exhumed as
the scarp has receded, together with outliers of the sandstone (fantastically eroded into pillars and grottoes
near Sindou).
The numerous permanent rivers, such as
the Coraoe, which flow off the escarpment, often over
spectacular waterfalls, traverse this belt by way of broad,
alluvium-filled basins liable to seasonal floods; many of
the basins remain perennially swampy, and some contain
permanent lakes.
The origin of these basins, running
more-or-less at right angles to the scarp and excavated,
apparently, below present base-level, cannot satisfactorily
be explained, but localized foundering or backward tilting
towards the centre of the Cambrian basin may perhaps be
involved.

The Sourou "basin in the north-west seems to be
an ancient trough partly infilled with Gondo (= Tertiary)
sediments.
These occasionally'outcrop to form low ironpancapped buttes, usually settled, hut they are usually overlain "by recent, unconsolidated sediments.
The origin of
the recent sediments is not known, but some regard them
as having been laid down by the upper Black Volta which
may at one time have followed the line of the Sourou
"basin to flow into the Niger; Leneuf states that some
of the material is of aeolian origin (1), and there is
certainly a superficial layer of wind-blown material in
the northern part of the "basin.
The fact that the Sourou basin continues the
line of the upper Black Volta and that between the
directions of flow of the upper and lower Black Voltas
there is a change of angle of more than 90° has suggested
to some geographers that the lower river has eaten back
to capture the upper riverK.
One supposes that capture
may well have heen effected at the time when aeolian drift
blocked the northern outlet from the basin; the Sourou
alluvium may well have been deposited under these same
conditions, too.
Whatever its origin may be, the Sourou basin
provides an interesting hydrological phenomenon.
The
Black Volta, rising in flood, backs up the Sourou river
for a distance of some 100 miles, inundating a considerable
area of land (although by no means the whole of the basin,
the alluvia of which appear to have been deposited when
local "base-level was slightly higher).
The gradient is
slight — of the order of 1:100,000 it is believed — so
that the waters only slowly drain back into the Volta:
substantial areas were still;inundated at the time of the
visit in mid-February, more than three months after the
end of the previous rainly season.
Over the non-flooded
part of the basin no relief is perceptible so that surface
drainage is very poor during the rainy season.
Although valuable additional evidence concerning the erosional history of the Volta "basin was obtained
during the visit, there is need for more detailed correlation "between different areas before the complete sequence
of events can be understood.
There is particular need
for work on the dating of the various erosion surfaces.
The oldest surface of which evidence remains in
the Volta basin is that occurring at around 2,000 feet in
Haute Volta and at various levels in the Gold Coast, from
1,250-1,500 feet on the Akwapim Range and 1,2+00-1,700 feet
over the Voltaian in the Gambaga highlands to 2,200-2,500
feet on the Atewa Range, Mt. Aya and Ejuanema (near
Mpraeso)35?
This surface has only been preserved over
certain Birrimian rocks, notably Upper Birrimian greenstones and phyllites, where the associated crust seems
invariably to be bauxitic, and on Pre-Cambrian and early
Paleozoic sedimentary rocks (Akwapimian, Cambrian and
Voltaian) where, with one exception (Mpraeso), the crust
^The fact that Leneuf (1) records that the characteristic Sourou alluvium continues over the v/atershed of tho
Sourou river into the upper valley of the White Volta near
Ouahigouya may indicate that the latter river at one time
took the drainage of the upper Black Volta.
^xhese wide differences in height in the Gold Coast
may possibly indicate that this cycle was two-phased-.
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is ferruginous.
There seems to "be no direct evidence
by which this surface might he dated, hut the height
differential between it and the succeeding group of surfaces suggests that it "belongs to a separate and earlier
erosion cycle than the latter, which, from evidence on the
south-eastern coastal plains of the Gold Coast, the writer
"believes to he of late Tertiary age.
The upper surface
might therefore "belong to the early Tertiary, and as such
he correlatable with King's 'African' surface (2), The
height (c.2,000 feet) is also consistent with that given
hy Pugh and King for the 'African' surface in Nigeria (3)«
Considerahle dissection followed this erosion
cycle for there is generalis'- a height differential of ahout
1,000 feet "between the highest surface and that which developed next.
The sequence of events during this next cycle
is difficult to establish, however, because there are differences in the evidence remaining in the upper and lower
parts of the Volta basin.
It is a curious fact that the
arbitrarily-drawn frontier between Haute Volta and the
Gold Coast almost coincides with the division between the
zone in which evidence of a two (or three) -phase cycle
exists and that in which there seems to be evidence of
only a single cycle.
Over the greater part of the Gold Coast, the
late-Tertiary cycle is represented by concordant summitlevels, usually ironpan-capped, which rise inland from a
height of 150-250 feet near the coast to around 1,000 feet
in N.W. Ashanti, north and east of which they appear to
fall slightly.
It is only within a few miles of the
northern frontier that one seems to find evidence of a
multi-phase cycle, evidence which, as described above,
becomes abundant only a few miles to the north, within
Haute Volta.
Ironp an buttes at c.i+0 feet above the
surrounding topography (and 750-600 feet above sea-level)
occur in a number of places in the Bawku area (e.g. Pusiga,
Garu), and one is known in the Nasia Basin (near mile Iki*
Tamale-Bolgatanga road); a number of ironpan exposures
at 5-20 feet above the 'present' level in the Bawku area
probably represent eroded remnants of the c.UO foot phase.
A few ironpan buttes with their surfaces at c.100 feet
above the surrounding topography occur over Upper Birrimian rocks in the Nandom and Nakong areas (extreme northwest and north-centre of the Gold Coast respectively): in
the latter area their summits reach about 1,300 feet above
sea-level.
None are kno?/n elsewhere in the country, and
few of the occurrences known appear to show the sloping
summits so characteristically and widely developed in
Haute Volta, even to within a few miles of the frontier,
between Diebougou and the Black Volta.
Several hypotheses might be advanced to account
for the apparent occurrence of more phases of erosion in
the interior than in the coastal regions.
One might
postulate that similar phases occurred throughout the area,
but that evidence of the earlier phases has been progressively removed by headward erosion; on the whole this
hypothesis is not favoured since evidence of a much earlier
cycle of erosion has remained throughout the area, part
of this surface remaining on the Akwapim Range to within
twenty miles of the present coast-line.
It seems more
probable that there was in fact only one phase in the
south.
The additional phases in the north could not
then be attributed to changes in sea-level, but either to
changes in local base-levels such as might result from
downward warping of the crust into the interior (cf. the
trough in which the Gondo and Sourou sediments were
deposited) north of an axis probably running somewhere

- 10 near the Ashanti-Northern Territories "boundary; or to
changes in climate, the south probably during only one
of the phases becoming arid and developing a savannah
landscapeo
The succeeding erosion cycle — which one might
regard as still in progress despite -several interruptions
by hrief climatic fluctuations and eustatic changes of
sea-level — has penetrated throughout the entire Volta
basin and given rise to a widespread peneplain.
Quaternary
fluctuations in sea-level, considerable though they may
have been, have doubtfully affected the interior: rapids
in the lower courses of most of the major rivers mark the
farthest possible up-stream penetration of new cycles which
may have heen initiated during periods of depressed baselevel.
Alternating humid and arid phases of the Quaternary, with concomitant fluctuations of the vegetation zones,
are more likely to have been responsible for the modifications of the 'present' peneplain surface which have been
described ahove.
It is conspicuous that it is in the 'zone of
tension' "between the present limits of the forest and the
Guinea savannah that the effects of these Quaternary disturbances are most strongly evident.
The typical topography consists of a narrow summit capping of ironpan
(prohahly the late Tertiary surface) hreaking sharply to
a well-marked slope occupying the major part of the area
and covered with ironpan which often incorporates fragments
derived from the break-up of the older ironpan sheet;
some 50-100 yards from the valley-bottom there is a marked
break of slope, unweather.ed rock often being exposed below
the edge of the ironpan sheet; the valley "bottom, as much
as 30-Ij.O feet below, is occupied by alluvium filling in
an older valley excavated to below present base-level,
but renewed stream activity is now cutting into this alluvium.
Although this topography is most clearly developed
in the 'zone of tension', it can be recognized to some
degree in most parts of the Volta "basin; it has also been
well described by de Swardt in a similar zone of Nigeria

(4).
The most recent phase of dissection, with streams
cutting into the valley-bottom alluvium and gullies eating
•back towards the middle slopes and sometimes up former
drainage grooves, is evident even along the most remote
tributaries.
This cannot he due to lowered base-level,
and may not even be due to climatic change so much as to
increased run-off following degradation of the soils and
natural vegetation by man's increased activities in recent
centuries.
It is of interest to note that the Quaternary
cycle of erosion is far more advanced in the interior
savannah zones than it is in the forest zone of the Gold
Coast, even though the latter lies nearer the.coast.
This points to the fundamental difference between erosional processes in forest and savannah environments.
Under closed forest, there is almost total ahsorption of
rainfall into the soil and water is subsequently released
relatively slowly by seepage along valley-bottoms where
there is stream-flow: erosion is therefore concentrated
along valley-bottoms; hills maintain moderate slopes and
waste away only slowly.
Under open savannah, on the other
hand, except over the most permeable rocks, there tends to
he rapid surface run-off so that the whole ground surface
is subject to erosion and peneplanation is relatively
quickly effected: there results the typical savannah

- 11 landscape of inselbergs separated "by pediments (or piedmont slopes) and poorly-drained flats occupied "by colluvial *- sometimes alluvial — sediments.

Soils
Prom the pedological point of vie?/, the most
important result of the visit to Haute Volta was to
confirm what had already been suspected from evidence in
the Gold Coast, namely that there is no tendencjr with
increasing aridity northwards towards the development of
pedocals as had been postulated by some (5)«
Although
on the borders of the Sahel zone at M\.° - 15° N. , the
highest latitude reached, the annual rainfall has diminished to around 20 inches falling in a three-month rainy
seasons the zonal soils appear still to "be as strongly
leached as those in the Guinea Savannah zone of the Gold
Coast receiving 1|.0~60 inches' rainfall in a 5-7 month
rainy season.
If this is so, it indicates that total rainfall
received is not in itself of primary importance; the
significant factor is the intensity with which it falls.
So it appears that, whilst in the extreme south of the
Accra Plains (in the coastal savannah zone) an annual
rainfall of around 30 inches spread over two rainy seasons
with a total duration of 6-7 months is insufficient completely to leach the zonal soils, some profiles remaining
neutral to slightly alkaline throughout (cf. To,fie „series j«
in the Sudan and Sahel zones, where the rainfall is concentrated within a single rainy season of some 3-4 months'
duration, a similar or lesser amount is sufficient to
bring ahout thorough leaching.
It seems possible that
one might have to penetrate as far north as the desert
fringe before finding unleached zonal soils; although
whether 'normal' soils can he considered to exist on a
desert or sub-desert landscape, especially one which in
geologically recent times has suffered violent fluctuations of climate — and with it, vegetation and erosional
processes — is a matter for conjecture.
None-the-less, with increasing aridity northwards, there is undoubtedly a tendency for base-accumulating
soils to become more widespread.
These, however, are
all intrazonal soils associated with base-rich rocks or
with seasonally poorly-drained fine-textured alluvial
or colluvial sediments»
Although not definitely seen,
saline soils possibly occur on the margins of some of the
"brackish lakes in the extreme north.
Over the greater part of the Haute Volta the
soils developed over particular geological formations are
recognizably similar to those observed over similar
formations in the northern savannah regions of the Gold
Coast,
Only over aeolian drifts in the extreme north
and over the Sourou basin alluvial sediments are soils
developed which have no known equivalent in the Gold
Coast.
Zonal soils, the Tropical Red (and Yellow)
Earths*, or Latosols in Kellogg's nomenclature (6),
are areally subordinate to some of the intrazonal soils.
They occur near the better-drained scarp edge of the
Cambrian sandstones, over piedmont drifts in a number
of places, and, less commonly, directly over some
Now termed Savannah Ochrosols.

- 12 Birrimian and granitic rooks; red soils over the Matter
formations, however, usually contain ironpan or packed
ironstone concretions (which have not developed under
contemporary pedogenic conditions) at or near the groundsurface and might "better he regarded as Lithosols or
Lithosolic Red Earths.
By far the most widespread soils, more particularly associated with the older granites, are the Groundwater Laterites.
The majority of these seem still to
he under active formation, although erosion in many
cases has exposed the ferruginous layer which has "become
indurated so that such soils might almost equally well
be regarded as Lithosolic.
Some granitic soils, particularly those over some of the younger granites in the
south, might almost equally well be regarded as Regosols.
Basic rocks, particularly the Upper Birrimian
greenstones, and usually colluvial accumulations derived
from such rocks, provide Basimorphic Brown Earths,
although as a result of erosion, particularly on the steep
slopes of inselbergs, most soils are more or less Lithosolic in character.
Ferruginous crusts cover much of the
remainder of the Birrimian rocks, but orange, brown and
grey soils, probably usually basimorphic to some degree,
are also developed, although they are usually so eroded
near the road-side that it was found difficult on this
rapid tour to study them satisfactorily.
The soils developed in the old desert drift in
the north are Regosolic, although the majority might also
be regarded as immature Tropical Red (or Yellow) Earths.
Valley-bottoms throughout much of the country
are generally occupied by Hydromorphic Glei soils, but
grey and brown Vlei soils have often, although not invariably, developed in colluvial and alluvial sediments
derived from basic rocks, in those Sourou basin sediments
not subject to contemporary flooding, and probably —
although this could not definitely be established because
of the paucity of suitable exposures — in fine-textured
valley-bottom sediments in the north of the country.
Halomorphic soils possibly occur around brackish lakes
in the extreme north.
It is interesting to note that neither Tropical
Black Clays nor Planosols were seen in Haute Volta, even
though environmental conditions might have been expected
to have led to their widespread development.
The place
of the Black Clays seems to be taken by the Basimorphic
Brown Earths which resemble them closely in their physical characteristics; analytical studies would seem to
be required to indicate what there may be in their chemical
constitution which causes the one soil to develop rather
than the other.
It may be recalled that both Black and
Brown Basimorphic Clays occur under similar environmental conditions on the Accra Plains which suggests that
differences of parent material are involved.
The more important soils are described below.
Over granite.., more particularly the older
granite, the most widely developed soils are the Groundwater Laterites.
Although the profile form is more-orless uniform, there are variations in colour, texture and
depth of horizons from place to place according to such
factors as the mineral composition and coarseness of
crystallization of the parent rock and the degree to which
the soils have become degraded under cultivation*
Ideally,
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the soils consist of 3-6 inches of grey-brown, humusstained, sandy loam at the surface, going down into a foot
or two of pale bro?/n, pale yellow-crown, or occasionally,
pale orange-brown, sandy loam which gradually becomes
slightly mottled yellow then ochre with depthj this
grades into more strongly mottled grey, orange and black
sandy light clay to clay which often contains angular
quartz gravel towards the top and may be penetrated throughout most of the horizon by quartz veins where these occurj
at depths varying from 2-3 feet to as much as 20 feet,
this layer passes into grey, pale yellow and orange
mottled earth recognizable as weathered granite»
The
profile is firm, porous and structureless throughout.
This ideal profile, however, has generally become
considerably modified following disturbance of the natural
vegetative cover by repeated clearing for cultivation.
The increased loss of rainfall by surface run-off and
the increased insolation and evaporation rates allow the
profile to dry out more thoroughly in the dry season with
the result that iron hydroxide accumulations in the lower
horizons become indurated; varying amounts of the surface
soil have often been lost by erosion, too.
The profile
most generally found, then, consists of 6-10 inches of
pale grey-brown-to pale yellow-brown, firm^.porous sandy
loam, sometimes greyish with humus for 2-3 inches at the
surface and containing occasional to frequent spherical
ironstone concretions, overlying orange and black vesicular ironpan, at times hard and metallic, but often rather
crumbly, and frequently incorporating quartz gravel in a
layer at the top; this grades at a variable depth into
strongly mottled, rather compact, highly weathered rock
which gradually becomes recognizable with depth as granite.
In some areas, especially around settlements, much of the
topsoil has been lost by erosion, and ironstone concretions
or ironpan are exposed at the surface.
A roadside pit examined and sampled on the
middle slope of very gently undulating topography approximately k.0 miles north-?/est of Koudougou on the KoudougouTougan road showed the following features55: 0- 7 ins. Pale brownish grey (10 YR 6/2 Munsell), slightly firm, porous, fine
sandy light loam: pH 6.0.
7-16 ins. Pale brown (10 YR 6/3), slightly
mottled yellow, firm, porous, fine
sandy light loam: pH 5.2.
16-23 ins. Very pale brown (10 YR 7As-), slightly
mottled yellow, rather loose clay
containing abundant irregular ironstone concretions: pH 5.2.
23-31 ins. Pale reddish-brown (2.5 YR 6/I4.),
pale grey (10 YR 7/1) and very pale
brown (10 YR 7/3) mottled, indurated
clay with a few ironstone concretions: pH 5.U.
31-50+ ins. As above, but with less concretionary
developments pH 5.2.
' "'• —i
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pH values i n t h i s and p r o f i l e s described l a t e r were
determined ~bj the Lamotte c o l o r i m e t r i c method on samples
brought back to departmental headquarters at Kumasi»

- 14 N,B. Neither stone-lines, quartz veins nor bedrock were
seen in any pits in this vicinity.
A more degraded profile, typical of many seen,
was examined (out not sampled) in a road-side pit on the
middle slopes of very gently undulating topography approximately 25 miles south-west of. Yako on the OuahigouyaOuagadougou road.
This showed the following features:0- 2 ins.

Grey-hrown, humous, rather firm,
porous, fine sandy loam, cracking
slightly from the surface, containing occasional quartz grit and scattered, spherical ironstone concretions.

2-10 ins. Yellow-brown, very firm, porous,
fine sandy loam with frequent, scattered, spherical ironstone concretions.
10-11). ins. Brownish yellow, hard, porous, fine
sandy loam with frequent, scattered,
spherical ironstone concretions.
14+

ins.

Orange and black, hard, vesicular
ironpan.

Over the nondescript rocks which seem to occupy
the major part of some granite areas — usually the areas
of older granite it is believed — the soils contain little
or no quartz grit and are frequently grey rather than broY/n
in colour.
Such a profile was briefly examined, but not
sampled, on the middle slope of very gently undulating
topography approximately 15 miles west of Ouagadougou on
the Bobo Dioulasso road, and was described as follows:0-12 ins.

12-48 ins.

Grey to pale grey, slightly stained
orange, very firm, very porous,
structureless silty loam with small
amount of quartz grit.
Orange and yellow, semi-hard ironpan, vesicular on exposed face of
pit| quartz vein penetrates to
surface of this indurated layer.

40-72+ ins. Gradual change to less-indurated,
orange and yellow mottled, silty,
unidentifiable weathered rock.
These soils occur extensively on gently or very
gently undulating topography which is broken occasionally
to rarely by small granite outcrops and low ironpan buttes.
They tend to be waterlogged at the height of the rainy
season, but have little capacity to retain moisture,
especially where the subsoils have become indurated.
Wells, usually 20-50 feet deep, are numerous, but water
supplies tend to become precarious towards the end of the
dry season.
The vegetation, belonging predominantly to
the Sudan zone, has generally been very much disturbed
by cultivation, and, over wide areas, only scattered
'useful' trees remain.
Sorghum and millet are the major
crops grown, but cotton is becoming increasingly important, particularly in the Koudougou cercle.
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Soils directly correlatable with these are widely
developed in the north-east and north-west corners of the
Gold Coasts the most widespread are recognized as Babile
series.
Soils which might almost equally well be classified as Regosols or weakly-developed Groundwater Laterites
occur occasionally on rather more undulating topography
associated with some coarse-grained granites.
Their
profile consists of one or two feet — probably considerably more in some cases, as, for instance, around the
Aribinda granite inselbergs — of pale yellow-brown coarse
sand or sandy loam, more-or-less mottled ochre towards
the base where there is sometimes a stone-line of angular
gravel overlying rather mottled, clayey, rotting granite.
Similar soils seem to be common between Tumu and Navrongo
in the Gold Coast, and there are affinities with soils of
Doyuxi. series on the Accra Plains.
Other upland soils include reddish brown,
porous, gritty loams to clays which grade at 2-3 feet
(where seen) into pale-coloured, gritty clay surrounding
spheroidally-weathering granite boulders.
These seem to
be associated with biotite-rich, younger granite.
Soils similar to the 'grus' soils of the
Navrongo area were seen in some localities in the south
of Haute Volta.
These soils consist of little more than
loose, sandy or gravelly, disintegrated — but little
decomposed — rock occurring amongst numerous rock outcrops
and inselbergs.
In association with outcrops of a granodiorite
containing hornblendic xenoliths which occurred near Ropedama on the Ouagadougou-Pada n'Gourma road, soils on the
pediment below an ironpan butte consisted of six inches
or so of grey-brown, hard, gritty clay overlying olivebrown plastic clay which was probably the upper part of
the weathered rock.
This soil probably has affinities
with small areas of similarly shallow, dark grey, montmorillonitic clays overlying weathered hornblende-rich
granite in the Bawku and Kwamen Kwesi areas of the Gold
Coast.
Depression soils in granite areas seem to be
very .uniform throughout the country.
They generally
consist of a few inches of mid-grey or grey-brown, firm,
porous, silty loam to silty clay with rusty stains along
root-channels, overlying several feet of pale grey (bluegrey when moist) and orange mottled, firm or hard, porous,
silty loam to silty clay.
Topsoils in undisturbed profiles, especially those in moister situations, tend to
be dark grey with organic matter and may be somewhat
structured.
Since the parent materials are of locallyderived alluvium, the profile may contain variable, but
usually small, amounts of sand and transported ironstone
concretions.
These soils correlate well with the ubiquitous Volta series in the Gold Coast.
To what extent bottom soils might become alkaline with increasing aridity northwards could not be established because of the lack of suitable exposures in such
sites.
The spoil from two wells at between 13° N. and.1if-°N.s
however, suggested that lime, in concretionary .form 'at least,
had only accumulated at great depth — below 6 feet —
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in the profile95.
A true picture of the soils developed over the
Cambrian sedimentary rocks may not have "been obtained since
the route followed kept near to the better-drained scarp
edge of the formation for most of its length.
Consequently,
the most widespread soils appeared to he zonal Red Earths,
although some pale-coloured Lithosols and Regosols were
also seen;, over more gently undulating topography between
Dedougou and Bobo Dioulasso, however, many of the soils
appeared transitional to Groundwater Laterites, and it is
probable that soils of the latter group become more widespread towards the interior of the basin which the rocks
occupy.
The small areas of bottom soils were invariably
Hydromorphic Gleis.
'There is a striking similarity between the soils
and topography seen over the Cambrian sandstones and those
associated with the Voltaian sandstones in the Gold Coast»
Conditions more closely resemble those of the Damongo and
Techiman areas than those of the Gambaga area where the
relief is more dissected and the most widespread soils
(Mimi and Bankuda series) are slightly heavier in texture.
The similarity extends to the vegetation, tall grass Guinea
savannah on the uplands with floodplain savannah along the
streamless valleys and riverain forest along those with
streams; and to the general paucity of cultivation except
within a radius of several miles around the towns of Dedougou and Bobo Dioulasso.,
Sorghum and millet are the major
crops *g.rown; groundnuts appear formerly to have been
extensively grown in the west, although production has now
fallen considerably.
There are two large sisal plantations
on upland Red Earths outside Bobo Dioulasso.
There are
small but increasing amounts of rice cultivation along some
valley-bottoms.
A roadside pit examined and sampled on the upper
slope of gently undulating topography near a sisal plantation a few miles north-east of Bobo Dioulasso revealed the
following profiles0- 6 ins, (Disturbed by cultivation).
Brown
(7.5 YR 5/k)r slightly humous, rather
firm, porous sand" pll 5»6+.
6- 9 ins. Pale reddish brown (5 YR 6/h), firm,
porous, sandy light clay: pH 6,0.
9-21 ins. Reddish brown (5 YR 5/k) faintly mottled red (2.5 YR h/G) 9 firm, porous,
sandy light loam; mottles forming
soft concretions on exposure; pH 5»k*
21-30 ins. More strongly mottled red (2.5 YR 5/6
and 2.5 YR k/G), firm, porous, sandy
light loam: pH 5»^+«
30-60 ins. Red (2.5 YR <5/G) and grey (5 YR 6/1)
mottled, very firm, porous, sandy
light loam: pH 5»4»
ax

Extensive bottom soils occurring near the headwaters
of the white Volta outside Ouahigouya (1J5-!-0 N.) and widely
used for rice cultivation were seen to carry-in abundance
a weed which,, although the. flowering stems were dry, appeared
"k° ^ e liZErjP-ÖliAs^llij^.0^?..
If this identification is correct
then these soils may be slightly saline.

- 17 60-66 ins. Red (2.5 YR 5/6), yellow (10 YR 7/6)
and grey (5 YR 6/1) mottled, very firm,
porous, sandy light loam (probably
weathered rock): pH 5,k*
This profile has affinities with the Banloida
_series of the Masia Basin, although the mottled layer is
lighter in texture and does not "become so indurated on
exposure.
Other soils in the Bobo Dioulasso area closely
resemble Damon,<ro series (and its congeners, ïechJjnan and
Y/enchi series) in which the superficial red "sandy loam
is underlain, at a variable depth, by spherical ironstone
concretions or ironpan, and this in turn by weathered,
horizontally-bedded sandstone, usually only slightly ironstained or mottled.
Red non-concretionary loams developing directly over and amongst weathering sandstone occur
in places near the' scarp edge between Bobo Dioulasso and
Banfora.
Over more gently undulating topography behind
the scarp in the Dedougou area, the soils are generally
paler in colour and appear to have a higher clay content,
at least in the lower horizons.
On the uplands, packed
spherical ironstone concretions or hard vesicular ironpan
are generally encountered at or about 12 inches, and are
frequently exposed at the surface around settlements;
where a topsoil exists, it consists of brown to orangebrown or pale orange-brown, firm* porous sandy loam.
Downslope, the superficial layer may become thicker and
become brown to pale yellow-brown in colour with manganese
dioxide stains becoming evident in the ferruginous layer.
A profile examined towards the lower slope of gently
undulating topography near Dedougou on tine Dedougou-Uouna
road was described as follows:0- 6 ins. Grey-brown, slightly humous, very firm,
porous, silty fine sand.
6-12 ins. Pale grey-brown, very firm, porous,
silty fine sand.
12-24 ins. Pale grey-brown, rather looser, very
porous, silty fine sand.
2i-f.-U0 ins. Pale grey, slightly mottled ochre and
red, silty fine sand becoming harder
and more clayey towards the base;
mottles harden on exposure.
1+0-60 ins. Orange and black, cemented ironstone
concretions.
60-66 ins. Pale grey and orange mottled, very
firm, clayey sand (probably highlyweathered sandstone)»
Whilst at the extremes these soils can readily
be classified as Red Earths and Groundwater Laterites
respectively, over much of the topography in this area the
soils seem to be intermediate between the two, having the
we3-1-drained, homogeneous, yellowish or reddish superficial
layer of the Red (and Yellow) Earths overlying the seasonally poorly-drained horizon of iron and manganese segregation of the Groundwater Laterites.

- 18 On steep slopes with fresh rock outcrops, pale
brown, sandy "brash soils, similar to the BanhjL^J^jjeries
of the Nasia Basin, were occasionally seen= " Pale brown,
loose, sandy, piedmont-siope soils were seen on the Bobo
Dioulasso-ïlare auxïïippopotamesroad; but, as in the
Gold Coast, piedmont accumulations usually give rise to
bright red, friable, porous, sandy loams becoming mottled
yellow and red towards the base of the profile or occasionally developing ironpan.
Bottom soils along the route taken were generally
not extensive.
Those occupying streamless valley bottoms
appear to differ little from those described above for the
granite areas.
7/here streams occur, lower-slope colluvium
frequently comes down to the stream-bank*
In some such
valleys near Bobo Dioulasso, the normal pale yellow-brown
sand to sandy light clay becoming mottled and perhaps indurated into ironpan with depth was seen to be underlain by
pale grey to white clay at depths greater than six feet.
A soil examined in the seasonally-flooded area
surrounding the Hare aux Hippopotames had a dark-coloured,
structured topsoil reminiscent of those of the Tropical
Black Glays overlying the normal pale grey and ochre mottled
alluvium.
The topmost foot of this profile, occurring
under a fairly close stand of MiJ^jigyj^J^ermis trees, was
sampled and is described below:0- 0.5 ins. (not sampled separately). Leaf litter
mixed with crumbs of dark grey clay.
0,3"

8 ins. Dark grey (10 YR J+/1 ), humous, hard,
rather porous, prismato-blocky, silty
heavy loam, slightly stained ochre
along pores and root-channels; structural units 2-3 inches in diameter:
TT

8-12

r-

f

pa 5•o.
ins. Pale grey (10 YR 7/2) mottled yellowish brown (10 YR 5/k), hard, porous,
silty clay cracking only slightly
near the top and becoming massive
belowr pH ë.8.

The soils in the large basins near the foot of
the Banfora scarp might conveniently be discussed here
since they appear to be developed in alluvium predominantly
derived from the Cambrian sandstones.
Many of these
basins still remain under swamp grasses and sedges, but
extensive areas have been brought under rice cultivation.
The on3ry soils examined were from cultivated areas.
These
generally were more sandy and rather better structured
than bottom soils seen elsewhere, and gave a superficially
brown rather than grey appearance.
A soil sampled in an extensive flat near Tangrala village west of Banfora which had been under continuous rice cultivation for some 20 years showed the following profile:0™ 6 ins.

Yellowish brown (10 YR 5/k), porous,
sandy light clay, breaking into
large clods when newly tilled but
becoming friable on exposure; iron
stained along root-channels: pH 5.0,

- 19 c 9 ins.
6-

Yellowish brown (10 YR 5/4) mottled
•oale grey (.10 YE 7/2.) and yellow
(10 YR 7/6)j porous, small cloddy,
sandy light clay' pH 5.4.

9-12 ins.

Pale grey (10 YR 7/1), mottled pale
yellowish "brown (10 YR 6/4) and pale
reddish "brown (5 YR 6/3), porous,
structureless $ sandy light clay with
rare manganese dioxide stains f pH 6-0.

12-16+ inso

Pale grey (10 YR 7/1 ), strongly
mottled brownish yellow (10 YR 6/6)
and pale reddish "brown (5 YR 6/4),
porous, structureless, sandy light
clay with frequent manganese dioxide
stains; pH 6,0.

Of the soils developed over Birrimian rocks, the most
interesting (and most important) are the Basimorphic Brown
Earths associated with the Upper Birrimian greenstones I
similar soils were seen south of Dori developed over diorite.
Depression soils developed in colluvium or alluvium derived
from these rocks, although regarded as Vlei soils, closely
resemble the Brown Earths»
The upland soils, whether on the steep flanks of
inselbergs or on gently undulating topography, are generally considerably eroded; quartz gravel and sometimes
ironstone concretions have usually accumulated at the surface, and weathered rock is usually recognizable below
this within only a few inches of the surface.
Ideally,
the soils are dark brown to yellow-brown, structured,
plastic clays, but the admixture of ironstone concretions
in some places and of sand, probably aeolian, in others
often lightens the texture and gives a reddish appearance
to the upper part of the profile.
"Very similar soils,
usually much eroded, are known to occur over Upper Birrimian rocks in the Fandom and Nangodi areas of the Gold
Coast but have not yet been studied in detail.
There
are affinities with Asliairnan and .Dome .^sejpies developed on
the Accra Plains.
These soils, despite being severely eroded, are
probably the most fertile in the country and have generally
been thoroughly cleared of their natural vegetation for
cultivation or for fuelwood.
Sorghum and millet are the
usual crops grown, but cotton is becoming increasingly
important, especially in the Kaya and Yako areas,
A profile sampled in a road-side cutting on the
middle slope of gently-undulating topography approximately
2 miles* west of Gaoua showed the following features;0- 5 ins.

Dark brown (10 YR 4/3)* humous,
rather loose and friable sand with
abundant spherical ironstone concretions; pH 6,0.

5-10-1 ins.

Reddish brown (2.5 YR 4/4), slightly
mottled red and black, rather loose,
friable light clay; pH 6.2.

10^-16 ins.

Pale yellowish brown (10 YR 6/4)
slightly mottled reddish brown
(2.5 YR 5/k)} rather firmer light
clay with occasional ironstone concretions and rare indications of
weathered rock; pH 6.4.

~ 20 16-23 ins. Yellowish "brown (10 YR 5/6) stained
yellow (10 YR 7/6), vertically dipping, friable, clayey, Tireathered
greenstone with frequent narrow
quartz veins; very slight reaction
to HOI: pH 6.6.
Other profiles in this vicinity consisted of no
more than 2-3 inches of dark "brown, granular to nutty,
light clay with frequent quartz gravel and ironstone concretions directly overlying greenish or yellowish hro?/n,
vertically dipping, weathered rock much intruded "by quartz
veins.
Leneuf records that some such profiles in the
north contain tiny calcareous concretions in the weathered
rock (7).
Close examination of deeper profiles on piedmont
slopes and in bottoms in some cases shows that the superficial layer consists of an intimate mixture of mid- to
dark gre3>" clay with the brown clay which gives the overall colour to the profile.
These soils crack widely from
the surface when dry, and often develop holes approximately
1 foot wide and deep at irregular — often 10-20 yards —
intervals.
The intermixture of the two colours of clay
may be due to the self-mixing properties of these soils,
the grey clay possibly "being humus-rich.
It seems more
likely, however, that the two colours are the result of
seasonal poor drainage — a well containing water at 6
feet was seen on one piedmont slope — and their peculiar
distribution is due to the nature of the clay, either
because of its mixing properties, or "because water only
moves along the cracks "between the structural units; it
may even "be that there is only water movement along infilled faunal or root channels.
Such a soil sampled in a bottom alongside a
line of Upper Birrimian hills approximately 7 miles south
of Diebougou on the road from G-aoua showed the following
features:0- 3 ins.

Brown (10 YR 5/3) 1 mottled very dark
grey (10 YR 3/1J with small reddish
yellow (5 YR 6/6) specks, hard, nutty
to cloddy, gritty clay cracking
widely from the surface and containing frequent quartz gravel and
ironstone concretions; very slight
reaction to HOI: pH 6,8.

3-13 ins.

Dark grey (10 YR k/l),
slightly
stained reddish yellow (5 YR 6/6),
/over-all colour olive brown (2.5
Y Aj/ljJJZ, nutty clay with frequent
scattered ironstone concretions?
pH 6,0; merging into

13-30 ins.

Grey, dark grey and "brown (yellowish
brown (10 YR 5/k) on exposed face),
nutty, heavy clay with frequent
scattered ironstone concretions;
very slight reaction to HC1: pH 6.6t

30-hO ins.

Grey, dark grey and brown (yellowish
"brown (10 YR 5/k) on exposed face),
hard small cloddy, heavy clay with
polished slip-surfaces; frequent
scattered ironstone concretions;
very slight reaction to HC1: pH 6.8+,

- 21 As an example of the Vlei soils sometimes
developed in depression areas in Upper Birrimian greenstone country, the following profile may be cited.
This
was sampled in a stream-bank near the Malba Rice Scheme,
some 50 miles south-east of Diebougou, near the Gold
Coast frontier»
0- 8 ins»

Dark yellowish "brown (10 YR k/h) >
hard, prismato-blocky, light clay
cracking widely from the surface
and containing occasional ironstone
concretions and quartz gravel?
pH 60i+«

8-18 ins. Yellowish brown (10 YR 5/k)» porous5
cloddy light clay (rather friable
on exposed face) with occasional
ironstone concretions and quartz
travels IDH 6.6+.
oJ
18-36 ins. pli 7»2;
Yellowish
brown
clay
»/• /- .
-a -,Tob;
r\ (10
YR 5 /6)
in narrow
x
3 D - D On m sn.
pfi
'
alluvial layers, alternately little
or strongly mottled red, hard and
massive or friable, and with little
or abundant ironstone concretionary
or quartz gravel; some layers react
slightly to HC1.
60-73 ins. Brown (10 YR 5/3)$ strongly mottled
grey and ochre, hard nutty to cloddy
clay; slight reaction to HOI:
pH 8.0.
75-98 ins.

Note:

Pale yellowish brown (10 YR 6/k),
strongly mottled grey, ochre and
black (Mn02), hard, nutty to cloddy
clay with occasional large calcium
carbonate nodules and frequent
angular and rounded quartz stones
and gravel? pH 8.2+.

Clayey weathered greenstones was exposed below the
water-level at about 108 ins.

Over extremely gently-undulating topography
approximately 5 miles south of Dori (1U° N.)-, complex profiles such as the one described below were widely developed.
These are undoubtedly brown basimorphic soils,
but in addition have a ferruginous seepage horizon in the
upper part of the weathered rock.
These profiles are
similar in morphology to some soils of Tepanya and Nungwa
serj.,ej? on the Accra Plains.
0- 9 ins.. Brown (7.5 YR 5/k),
small blocky,
plastic clay containing a little
quartz grit: pH 6,6; merging
into
9-16 ins. Pale brown (7.5 YR 6/k)9 blocky,
plastic clay containing a little
quartz grit f pH 6.6.
(ii+-i6 ins.
not sampled, transitional to next
horizon).

- 22 16~30 ins. Very pale "brown (10 YR 1/h) plastic
clay containing abundant ochreous
spherical ironstone concretions and
frequent manganese dioxide concretions; occasional quartz gravel at
top of horizon (stone-line?); slight
reaction to HGl.l pH 6.8-K
30-36oins.

Pale yellowish
mottled yellow
plastic clay;
HOI: pH 8.0;

brown (2,5 Y 6/hj,
(2.5 Y 7/6), blocky,
vigorous reaction to
merging into

36-14.0+ ins. hliite (2,5 Y 8/2) and olive grey
(5 Y 5/2) mottled weathered rock;
vigorous reaction to HOI: pH 7»8»
Note:

Both diorite and green-weathering amphibolite schist
were seen in this pit»

Ironstone crusts are widely develoxoed over Birrimian rocks elsewhere.
This is often exposed at the surface or covered only "by a few inches of grey-brovm silty
fine sand, possibly partly of aeolian origin.
Termite
mounds, however, are usually bright red in contrast to
those in granite areas where they are usually pale in colour.
Spoil from wells shows that the ironpan crust is underlain
by pinkish-purple and pale yellow mottled, throughlyweathered, powdery schist (or phyllite) which continues to
great depth.
The pan has often become broken up by
erosion into boulders which occur scattered over the surface;
the interstitial soil is usuall3/ rather sandy (aeolian?),
and is brown or grey-brown for an inch or two at the surface
becoming bright orange or red belov/.
In other areas it is difficult to obtain a
picture of the soils over Birrimian rocks either because
of the absence of roadside pits — the materials presumably being unsuitable for road-making because of the
plasticity of their clay or the incoherent, powdery nature
of the weathered schistose rock — or because of the highlyeroded state of the road-site soils.
In some of the
latter areas, a few inches of grey, hard, sometimes plastic, silty or fine-sandy clay v;as seen to overlie thorough!:/-•
weathered powdery rock, sometimes bright orange for a foot
or two at the surface but quickly becoming pale yellow or
white below; the surface layer usually contained frequent
to abundant quartz gravel, ironstone concretions or boulders of ironpan.
Bright orange or red, rather sandy soils were
seen in a number of areas marked Birrimian on the geological map but in which direct evidence of the nature of the
parent rock could not always be seen in' the vicinity.
In
the Kaya-Lac de Bam area, some of the soils on piedmont
slopes below Upper Birrimian inselbergs and their associated ironpan buttes showed dark brown to reddish brown,
hard, rather blocky, porous sandy loam which appeared
probably to be underlain at depth, perhaps great depth,
by ironpan since sheets of this were sometimes exposed by
recent gullying along drainage-grooves.
In some cases
the sand is probably ferruginous pseudo-sand' in others,
as in the profile described below, it is undoubtedly of
aeolian origin.
Except in the Kaya-Lac de Bam area, the
profiles seen usually occurred on middle to lower slopes
below ironpan outcrops, and became mottled grey and orange
below about 18 inches, the mottles sometimes hardening into
semi-hard, irregular concretions on exposure.

- 23 The following profile occurred on the middle
slope of gently-undulating to gently-rolling topography
approximately 10 miles north-east of Ouahigouya on the
road to Djibo.
The area is shown as Birrimian on the
geological
map
hut
no direct evidence of this was seen on
ö
the ground.
Rounded sand-grains in the profile show the
parent material to he at least partly aeolian in origin,
and it may he that this has had more influence than the
local geology on soil formation.
0- 9 ins. Brown (7.5 YR 5/k)f
rather firm,
porous, structureless, sandy light
loam; pH 5.0; merging into
9-22 ins. Reddish hrown (5 YR 5/k)j rather firm,
porous 5 structureless sandy loam;
pH 5.8; merging into
22-1+0 ins. Reddish yellow (7.5 YR 6/6),
slightly flecked yellow (10 YR 7/6),
rather firm, porous, structureless
sandy loam; pH 5.4.
hO-1+5 ins. Reddish yellow (7.5 YR 6/8),
slightly flecked yellow (10 YR 7/6),
rather firm, porous, structureless
sandy loam containing occasional
tiny ironstone concretions and manganese dioxide concretions; pH 5«4»
With the exception of the Brown Vlei soils
already described, the bottom soils seen in Birrimian
areas appeared to differ little from the Glei soils described for the granite areas, although it must be pointed
out that there were very few exposure to examine.
A
profile exposed in a stream-bank on the Banfora-G-aoua
road showed a rather heavier, more structured clay than
seen elsewhere.
No evidence could be obtained of the
presence or absence of calcium carbonate in these profiles, although one would expect this to occur, at least
at depth, under the environmental conditions obtaining.
Deep exposures in the old desert drift in the
north were rare, and the only profile examined was at
the edge of a lower slope some 20 miles north of Dori.
This showed the following features:0- 9 ins. Pale yellowish brown (10 YR 6/k),
slightly firm, porous sand with
numerous narrow faunal (?/orm?)
tunnels; vertical cracks at c.1
foot intervals in exposed face:
pH 5.4+.
9-18 ins. As above, but cracks diminishing:
pH 4»8-s-; merging into
10-34 ins. Reddish yellow (7.5 YR 6/6), rather
firm, porous sand with numerous
faunal tunnels; vertical cracks
dying out: pH U.0+.
This is probably similar to most upland soils
over the dune-sands, although in places the sands appeared
bright orange-brown to the surface.
Ironpan outcropping
in a few places did not contain sand, and may have developed in the upper part of the underlying rock, or perhaps
had formed part of the landscape existing before the incursion of desert conditions.
These soils are frequently
cropped, apparently mainly to subsistence cereals.

- 2k In the valley-bottom adjoining the site where
the soil described above was sampled, three wells revealed
alluvial profiles.
The upper layer consisted of pale
yellowish brown, slightly firm sand; some of the lower
layers were more clayey and mottled grey and ochre; a
layer "at about 10 feet in one well consisted of black,
compact, cloddy, sandy clay (montmorillonitic?) containing small calcium carbonate flecks; below a similar depth
in another there was greyish green, compact clay (probably
completely-weathered, non-quartzose rock) containing
abundant, pure white, powdery aggregates up to 1 inch in
diameter which did not react to hydrochloric acid and may
have been kaolin; at about 20 feet in the other, pale
yellow, orange and black (Mn02) mottled, rather clayey sand
had not been penetrated.
The predominant soils of the Sourou basin35 resemble the Basimorphic Brown. Sarths but are probably better
regarded as Vlei soils because of the nature of the parent
materials and the prevalent drainage conditions.
The
alluvial parent materials range in texture from sands to
clays, but silty clays appear to predominate.
In the
northern part of the Sourou basin the alluvium is often
covered with a few inches of more sandy material of
aeolian origin; fierce whirlwinds raising clouds of dust
occurring during the early afternoons of the two days
spent in the region suggest that aeolian redistribution
of this material is still in progress.
The region is almost without relief and the
soils become waterlogged at the height of the rains.
The
upper part of the profile dries out thoroughly during the
long dry season; wells show water-tables only to exist
at very considerable depths (50-250 feet).
The soils
have only rarely been disturbed by cultivation, and exist
under open dry woodland of Sudano-Sahelian character,
usually with, short and medium grasses but occasionally
with tall species.
The shrinking and swelling properties of the
soils, made evident by wide cracks developed in the dry
season, suggest that the clay mineral is at least partly
montmorillonitic.
The heavier soils are characterized
by a form of 'gilgai' micro-relief with irregular, shallow?, saucer-shaped depressions up to 20 yards in diameter
containing numerous fissures and holes up to 2 feet in
diameter and depth separated by low mounds in which the
soil cracks but does not develop holes.
Evidence that a large-scale rotational movement
of the soil is in progress is afforded by the absence of
calcium carbonate concretions in the upper part of the
* depression' soils whereas large quantities of concretions
often occur in the centre of the 'mounds' where they appear
to have been thrust up from below.
It might be postulated that this phenomenon results from water penetrating
H3y a happy coincidence, the writer's itinerary brought
him to Tougan at the same time that M. Noel Leneuf, a pedologist of Q.R-.S.T.O.I:. (Office de la Recherche Scientifique
et Technique Outre-rler), Abidjan, WZLS passing through en
route for the Sourou basin where he was resuming fieldwork commenced in 1952 (l).
Through M. Leneuf's courtesy,
it was possible to accompany him on two days' field-work
in this difficultly-accessible but interesting region and
so obtain a much better knowledge of the environment and
its potentialities than would otherwise have been possible.

- 25 into the soil down cracks during the first heavy rain of
the season causing the deeper layers around the cracks to
take up moisture before the intermediate and upper layers
have done so, and, in taking up moisture, to swell, thus
causing a thrust outwards from the cracks which can only
he relieved by an upward movement of the intermediate
soil; this thrust will be increased if the water falling
down the crack takes with it clay derived by surface-wash
from adjoining areas.
The origin of the holes which develop during the dry season is less readily explicable, but
since these obviously result from subsidence *— the former
topsoil can often be seen at the bottom of the holes as
though let down as a unit — it may be that, as the soil
dries out, a cavity developes at depth in that part of the
profile around the bottom of the previous dry season's
crack from which at the onset of the rains there had been
a net outward movement of clay due to this psx*t of the
profile swelling first.
This micro-relief is less evident over the more
loamy soils, although the soils crack and occasionally
develop holes similar to those described in the clay soils.
In these soils there is less evidence of the large-scale
self-mixing which seems to be occurring in the heavier
soils, and calcium carbonate concretions — soft in some
places, hard in others — tend to occur in a definite
horizon at.some depth in the profile.
The more sandy
soils, usually rather hard and compact, do not appear to
contain calcium carbonate, at least within 3 feet of the
surface.
Most soils are faintly mottled yellow or orange
below the topsoil.
In soils subject to self mixing, the
presence of small amounts of spherical ironstone concretions
frequently found scattered throughout the profile probably
results from the induration of these mottles as they are
brought near to the surface.
In the northern part of the
Sourou basin, the aeolian drift which frequently covers the
surface probably absorbs more water than the normal topsoils, and the profile below is frequently more strongly
mottled than in the normal soils.
Termite activity was very conspicuous on the
undisturbed soils, leaves and twigs which had fallen at
the beginning of the current dry season already being
more~or-less covered with termite earth; the termites
responsible did not appear'to be of the mound-building,
types since termite mounds were not commonly seen.
The
material brought up by these and other soil fauna is probably responsible for fixing the aeolian material as it
falls: (deflation on a considerable scale is probably
restricted, to cultivated areas, village sites and cattle
routes,).
Where the aeolian drift occurs, therefore, it
is usually well mixed with finer material, and. is generally seen as a grey-brown to brown, hard, porous
prismato-blocky, sandy heavy loam to clay topsoil overlying the usual brown,, more friable, alluvial material.
Leneuf classifies these Vlei soils according
to texture, recognizing brown sands, silts and clays as
well as, at a lower level, intergrad.es based on the
texture of the topsoil.
The soil described below, which
was sampled on abandoned cultivated land outside Kolouile
village (south of Bai, French Sudan), was identified, by
Leneuf as an examcle of his 'sol brun limono-argileux'.

- 26 O- 1+ ins.

(Disturbed "by cultivation).
Pale
brown (10 YR 6/3), rather firm,
porous 5 small blociiy, silty clay:
pli 7*0.

i+—1 ö ins. Yellowish brown (10 YR 5/8) faintly
mottled yellow (10 YR 7/6), firm,
porous, cloddy clay with occasional
soft iron hydroxide and manganese
dioxide concretions: pH 6*8.
18-30 ins. Yellowish brown (10 YR 5/6) faintly
mottled yellow (10 YR 7/3), firm,
porous, rather clodd3^ cla3r with
occasional soft iron hydroxide and
manganese dioxide concretions and
frequent calcium carbonate concretions: pH 7.8.
The other major soils of the Sourou basin are
developed in and near the seasonally-flooded area alongside
the river.
Here are found grey to dark grey, sometimes
slightly mottled ochre, compact, heavy clays; the surface
layer often contains appreciable amounts of sand, probably
aeolian, and calcareous concretions sometimes occur in
lower horizons.
The latter soils can be classified as
Vlei soils, but it is possible that Glei soils also exist
in areas flooded for long periods.
Groundwater Laterites are developed on the few
exposures of Gondo sediments, but have usually been considerably disturbed by cultivation and settlement.
No detailed observations were made of the soils
developed in alluvial deposits along the major rivers.
The contemporary floodplains appear to be restricted in
extent, the rivers being slightly entrenched in their
courses.
The soils on the first terrace appear generally
to resemble those of Amp series in the Gold Coast, grey,
strongly mottled yellow, orange or red, firm, porous, silty
clays.
In materials probably belonging to, or washed down
from higher terraces along the Red Volta where it is crossed by the Ouagadougou-Bobo Moulasso road, the soils become
yellow to orange upslope, and the mottled lower horizons
become indurated on exposure to form semi-hard ironpan.
Such terraces as may exist above about 1+0 feet above present
stream-level are probably always covered with ironpan
crusts.
There is rarely settlement within a few miles
of the major rivers, so these soils are generally little
utilized.

.Soil, .erosion
As was indicated in the Introduction, the fact
that disturbance by man and his animals is usually very
much greater near roads, even minor roads, than it is in
areas some miles distant from them makes it difficult
with the method of survey used to assess the real extent
of soil erosion in the uprjer part of the Volta basin.
Soil erosion there undoubtedly is, both by wind and by
rain1 but that in general it is of considerably less
magnitude than it appears from the roads seems to be
indicated by the general absence of recent, unassimilated,
colluvial or alluvial sediments along valley bottoms.
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In addition, it must not be too facilely
assumed that all the signs of erosion seen, especially
the more conspicuous gullies, are necessarily the
penalty being paid for over-intensive utilization of
"neighbouring soils.
As in the Bawku area of the Gold
Coast, the largest gullies seen — cutting for 10-20
feet through sheet ironpan, but only occasionally deverloped — usually have rounded edges suggesting that they
are more-or-less stable today and. that they were excavated
during a former phase of the Quaternary or Recent geological epochs.
None-the-less, their presence undoubtedly
constitutes a danger to neighbouring soils when these
become too intensively used.
Similarly, the newly-eroded gullies widely
seen to be eating back from stream-banks towards the
lower slopes of the adjoining uplands, or more occasionally seen penetrating up old drainage-grooves, are not
necessarily to be attributed to man-induced degradation
of the adjoining soils- such gullies in fact also occur
in sparsely-settled areas.
Although as ï/as suggested
above T/hen describing the morphology of valley slopes, the
most recent phase of erosion evident along valley bottoms
is very conveniently linked with the increasing degradation
of soils and vegetation which appears to have taken place
over the past few centuries, it might perhaps equally well
be attributed to a cyclical change of climate.
Again,
however, even if climatic change is fundamentally responsible for the renewed down-cutting along valley-bottoms,
the over-intensive utilization of the adjoining upland
soils, by increasing the rate of surface run-off, is
likely considerably to accelerate the progress of this
erosion, and, in many cases, has patently done so.
To conclude this cautionary preamble, it may be
recalled that the denudation of the ironpan sheets exposed
at various levels above the present surface is considered
to have taken place in earlier geological times, not
recently by accelerated soil erosion.
The presence of
extensive ironpan sheets around such towns as Koudougou
and T'ougan ma^r give the misleading impression that they
have been recently exposed as a result of the over-intensive cultivation which undoubtedly exists in the
neighbourhood.
It seems more probable in these cases,
however, that the sheets belong to one of the older, dissected, peneplain surfaces, and that the towns were sited
on these remnants because of the relatively elevated sites
they afforded.
Recent erosion appeared to be most serious in
Birrimian areas.
The brown or grey basimorphic clay
soils developed on gentle topography over the greenstones
?/ere probabls^ subject to considerable surface run-off
even under natural conditions.
The fact that these soils
are relatively fertile has led to their intensive exploitation, fallow periods appearing to be almost absent in
many areas, and the rate of run-off has increased.
Almost everywhere the soils are eroded down to, or to
within a few inches of, the weathering rock which m.8.y be
covered now mainly by ironstone-concretionary and quartz
lag gravel»
Fortunately for the farmers, the rock appears
to decompose quickly, ensuring a constant release of
nutrients so that even when very badly eroded the soils
continue to be intensively cropped.
Sheet erosion appears
to have been dominant, but shallow gullies, 2~k- feet deep,
are evident in some sire as.

- 28 Erosion has presumably always been rapid on the
very steep slopes of the inselbergs and ironpan buttes
which are of frequent occurrence in Birrimian areas, and
the fact that their vegetative cover may have "oeen disturbed or even totally destroyed has probably not materially accelerated its progress.
To some extent the
rapid erosion of the inselberg slopes is desirable since
the base-rich clays washed down may be important in
maintaining the fertility of adjoining lowland soils.
It may be noted that similar conditions to these
prevail over basimorphic brown clays in the Birrimian areas
around Nandom and Nangodi in the Gold Coast.
Near Gaoua,
as near Nangodi in the Gold Coast, some attempt at erosion
control is being attempted on moderate to steep slopes by
the collection of stones and boulders from adjoining land
to form low retaining walls.
Those near Gaoua were not
examined, but^hose in the Gold Coast seem to have a slight
effect in retaining soil.
The effects of erosion are usually less conspicuous in granite areas.
Here degradation of the soils
following the disturbance of the vegetation by toofrequently repeated clearing for cultivation generally
takes the form of 'lateritization', a process resulting
in the induration of the mottled lower horizons.
Since
this process is irreversible, the result is just as
serious as soil erosion»
The development of ironpan in the subsoil, by
decreasing the retentive properties of the soil, probably
leads to increased eluviation of silt and clay by lateral
seepage.
One might expect, too, that the almostcontinuous cultivation found in many areas would lead to
increased surface run-off, since, when depleted of organic
matter as these soils are, granitic sands often tend to
'pack' at the surface.
There has, in fact, probably been
considerable sheet erosion in seriously degraded soils on
more undulating topography near Banfora; but, in general,
it seems that the combination of almost level topography,
porous soils and the Yridespread practice of growing crops
on ridges (although these are not always along the contour)
may have been effective in limiting run-off»
Contributory
evidence appears to be afforded by the general absence of
a layer of sand overlying the normal silty alluvium in
adjoining bottoms, although it is possible that some finer
material may be washed down.
It will be suggested belo?;,
however, that wind erosion may be responsible for exposing
the ironpan layer around settlements.
In general, probably because of the route taken,
there appeared to be little evidence of soil erosion over
the Cambrian sandstones, although degradation in the form
of lateritization is widespread.
However, in the extensive cleared area around Bobo Dioulasso, several large
gullies along valley-bottoms and drainage-grooves appeared
probably to be active; and on a short excursion behind
the Banfora scarp, extensive areas were seen where ironpan crusts were exposed. • The violent fluctuations of
flow that local officials attribute to rivers coming off
the Banfora scarp seem to indicate that there has been
extensive erosion in the country beyond.
Throughout the territory, the concentration of
run-off doY/n the road-side ditch has often converted this
into an active gully, and, with local base-level thus
löv/ered, minor gullies have sometimes commenced to eat
back into adjoining land from this source.

r 29Footpaths can also "be seen to have initiated, minor» gullies
in some places.
These phenomena are familiar, of course,
in the Gold Coast.
The most significant erosion seen from the road
occurred particularly between Kaya and Koupela.
At
frequent intervals along this road, completely hare patches
of ground occur, usually on lower and middle slopes of the
gently undulating topography, hut occasionally extending
onto upper slopes.
They vary in extent from only about
50 yards to more than half-a-mile along the length of the
road; they rarely stretch bach for more than a quarter
of a mile on either side of the road^
Within these
patches, the subsoil is usually exposed, and only a few
scattered ac,a,c,ias remain binding together a mound of the
original topsoil beneath them.
From the fact that these devastated areas are
often covered with dried cattle droppings, it is evident
that stock are the culprits, although the exact stages
of development are not clear.
The phenomenon appears to
be confined to the major routes followed by the large
herds of cattle (and lesser flocks of sheep and. the longlegged, goat) which move down from French Sudan and the
northern part of Haute Volta towards the forest zone to
the south. .It is possible that the patches originate as
small kraals in which the Fulani herdsmen can protect the
stock at night; the immediate vicinity will tend to be
overgrazed and the topsoil pulverized by trampling; woody
vegetation will be exploited for the fires which the
herdsmrn maintain around the kraal at night, and probably
suffers too from browsing by the goats; with continual
use, the available grazing and woody vegetation recedes,
and the devastation extends.
Uirosion within the exposed patch is probabljr
effected by both sheet and gully erosion.
It is suggested,
however, that wind erosion may be of some significance, for
with only moderate breezes blowing, small flurries of dust
were constantly seen to be raised during the period of the
visit.
Deflation is facilitated, of course, by the pulverized state of the constantly-trampled soil.
Wind erosion was observed in progress in almost
all parts of the country during the period of the visit.
In the south, moderate to fresh breezes were occasionally
seen to raise small flurries of dust from cultivated land,
particularly around settlements, and occasional whirlwinds
carried dust up to heights of about 50 feet»
Except in
the stock-trampled areas already referred to, however,
wind erosion here appears to be of little significance.
Whirlwinds appeared to be of greater dimensions
in the north and some could be seen to travel for several
miles across country before collapsing.
At Bai in the'
Sourou basin, for an hour or two in the early afternoon,
a strong breeze constantly raised clouds of dust from
cultivated land around the village, some of the particles
moved being of the size of medium sand; and it has already
been indicated that the soils in the northern part of the
Sourou basin are often covered with several inches of
material at least partly of contemporary aeolian origin.
Further north, the constant, fresh harmattan wind was
capable of moving sand in the cultivated areas.
Active
dunes were seen immediately around Markoy (north of Dori),
and 01^ande£ hedges had been planted along one road near
Dori in'*ah attempt to prevent sand drifting across it»

~ 30 Deflation may still "be going on in the flats separating
the old dunes, for stones (some of them dreikanter), windpolished on their upper faces "but not on their sole, were
collected in one place.
It is difficult to assess the importance of this
wind activity.
In most areas, what is lost to leeward is
probably made good by deposition of material brought in
from windwards (the winds during the dry season when most
of this activity takes place are almost constant from a
direction "between north and east).
Net deflation is
probably confined to isolated areas such as the kraal
areas along the stock routes, stock-trampled land
immediately around settlements, and the 'flats' "between
the old desert dunes in the north.
In these relatively
small areas, less replacement material is brought in from
the generally better protected areas to windward than is
picked up from the disturbed area and lost to leeward;
it may "be noted, too that the wind will tend to be stronger
in the exposed areas because of the reduced impedance from
vegetation.
Conversely, it is possible that in undisturbed
areas such as the greater part of the Sourou basin there is
net accumulation of material.
Unfortunately, this is
likely to result in a relative accumulation of coarse material, inactive from the pedological point of vie;.;, since
such deflation as there may be "because of the sheltering
effect of the denser vegetation, is likely to be only of
the finer material.
The combatting of soil degradation and erosion
is one of the main concerns of the Agricultural, Forestry
and Animal Husbandry Services of Haute Volta.
The
measures being taken can more properljr he discussed under
Land-use below.
In concluding this section, it might he suggested
that in the case of many tropical soils accelerated erosion
is not necessarily to be regretted.
As a result of longcontinued rock-weathering on very slowly eroding slopes,
a great thickness of inert material often now lies between
plant roots and the readily-available nutrient supply
which weathering rock usually affords, elsewhere, sheet
ironpan, hardpan or clayoan seals off roots from weathering parent material (or, more important in some cases,
a dry-season water supply).
There would be obvious
advantages if this dead or impeding layer could be
removed or broken up so as to alio?/ plant roots to reach
better material beloY/.
From this point of view, soil
erosion in the accepted sense is to be regretted only
in that"it does not proceed more quickly, for during its
progress, slow by man's time scale, it usually renders
the land unfit for successful utilization.
Unfortunately, it would generally not be
economic, even with efficient modern equipment, for man
to perform this type of land clearing, although an enterprising people might have been expected to have freed
their land of at least the ironpan boulders hindering
agriculture in some areas by using them — perhaps only
incidentally to improving the value of the land — for
house-construction or, as in mountainous areas in several
parts of the Y/orld, for building into dry stone walls or
terraces.
It might be pointed out that both in the
G-old Goast and in Haute Volta, agriculture in many Birrimian areas would not have attained its present intensity
but for the break-up of a former ironpan sheet — probably
largely hy 'natural' erosion — so that plants can now
root directly in relatively fresh, but actively weathering,
rock.
Whilst not all rocks which might he exhumed v/ould

- 31 ."be as rich in nutrients as those referred to, the majoritywould at least be better provided than the present mantle.
Explosives are reputed to 'have been used in California to
break up clay pans prior to planting orchard crops (8)1
the time has come when consideration needs to be given to
the application of similar drastic techniques to rejuvenate some of the senile soils of the tropics.

Vegetation•
In Eeay's classification (9)> the vegetation of
Haute Volta would fall into three zones" Guinea Savannah
in the extreme south; Sudan extending over the major
part of the country; and Sahel in the extreme north.
Although the physiognomic features or specific assemblies
characterizing these zones are clearly recognizable when
ideally developed, it is in practice very difficult to
delineate the boundaries between the zones satisfactorily.
Features or species characteristic of a particular zone
extend far into adjoining zones'.
Since certain characteristics of, for instance, the Guinea Savannah zone may
still remain conspicuous as far into the Sudan zone as
the point where certain characteristics of the Sahel zone
begin to become apparent, it would seem to be more realistic in such areas to acknowledge the intrinsically transitional nature of the vegetation ~by combining the names
of the zones whose characteristics are found together.
The'Zonation in Haute Volta might -then go, from south to
north» Guinea Savannah, Sudano-Guinea; Sudan (in some
areas), Sudano-Sahel, Sahel,, Aubreville's classification
is along these lines, although within Haute Volta he only
recognizes the Sudano-Guinea zone in the extreme south
and south-west, and the Sahelo-Sudan zone elsewhere (10).
There is a' further advantage to be obtained
from the use of such a nomenclature.
It is apparent in
Haute Volta that edaphic conditions often exercise a
determining influence on vegetation.
Fine-textured soils
which rapidly shed the rainfall they receive or rertain
little available moisture in their upiDer horizons for dryseason use carry the vegetation of a more arid zone than
the local climatic data would suggest.
Conversely, over
highly absorptive rocks or soils, the inter-zone boundaries
tend to be shifted to climatically more arid regions.
So?
in Haute Volta, one finds vegetation of a Sahelian character extending along the alluvial flats bordering the major
rivers almost down to the Gold Coast frontier.
On the
other hand, typical Guinea Savannah, with gallery forests,
extends appreciably further north over the Cambrian sandstones than over adjoining formations55; and, over the
old desert dunes in the extreme north, the vegetation,
appears to be more characteristic of the Sudan than the
Sahel zone, v/hereas vegetation typical of the latter zone
occurs widely over'other soils for one degree of latitude
or more to the south.
An adequate description of the major vegetation
zones is impossible because in the Sudan and Sahel zones,
with which the writer was unfamiliar, the majority of the
trees were bare of both leaves and flowers and the grasses
^This may not be entirely due to edaphic conditions
since the rainfall in the west v/here the Cambrian formations
occur is appreciably higher than in the centre and east;
cf. Dedougou (12° 30' N.) with 39 inches; Ouagadougou
^2°
30' N.) with 34.5 inches; Bawku (11° N,) with 38.7
inch§s,
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casej a taxonomie "botanist.
Typical Guinea Savannah consists of open, tall,
perennial grassland with mesophytic, deciduous, firetolerant trees up to 20-30 feet high, forming a very open
canopy, if in fact their crowns touch at all, and with
widely-scattered emergents up to 60 feet high; gallery
forest, including Guinea Forest species, fringes stream
and river "banks. Both grasses and trees tend to put out
new foliage during the dry season.
On upland areas, species of Anflropp/ygn (gayanus,
schirensis etc.) appear to predominate amongst the grasses;
trees include Butyrqspermum Parkii, Parkia pliveri5* Terminal i a sokodensis (e't 'a'l. ), Isoherlinia doka, Danijgllia
oliveris Khaya senegalensis, Burkea africana, Lannea
s chimper,i» L• acida and Garden!a ternifo1ia.
Gallery
forest species were generally unfamiliar, "but included
oil and r'aphia palms, and Mai, lotus pppps i ti fplius, a
common scrambler in forest-zone regrowth in the Gold
Ooast.
The spocies occupying the swamp grasslands of
the alluvial hasins near Banfora could not generally "be
recognized at the time of the visit, hut included Vetiveria sp„ (nlgr it ana?) on the margins and prohahly Ischaemum rugosum and/or ^^s^^jcjïisjpJLdata in the perennially
moist or waterlogged parts; since Leersia hexandra and
wild species of Oryza are reputed to create a weed prohlem
on land reclaimed for rice cultivation, these species are
prohahly common in the natural swamp grassland, too.
Very occasional clumps of Phoenix reclinata occur, and
this palm can "be seen to margin some parts of the gallery
forest following the levees of the rivers traversing the
"basins,
Chlortsr rohusta was seen in rivers in this area.
In the Sudan zone, there appears to "be rather
sparse, prohahly annual, medium or short grassland occurring under an almost-closed canopy of deciduous, firetolerant (or only semi-tolerant?), mesophytic trees 20-50
feet high.
Riverain woodland, often rather attenuated,
occupies stream-hanksr (in this zone, it may he noted,
alluvial flats are often occupied "by Sahel-type vegetation).
As distinct from the Guinea Savannah zone,
grasses and trees, parched or leafless from the onset of
the dry season, do not put out new foliage until the
advent of the following rainy season.
Amongst the grasses recognizahle, a mediumheight Loudetia was most common; Cymhppogon proximus,
although widely ohserved, may he less common away from
road-sides since it appears to he a grass of disturbed
areas.
Amongst the trees, Anogeissus leipcarpus was
often very common, locally forming almost pure stands;
Bomb ax huonpppzense, (et al.) and Lannea spp#, were also
commonly seen amongst many unrecognizable species;
Parkia oliveri and Butyrospermum Parkii occur, although
with decreasing frequency, almost to the northern limit
of the zone.
Towards the north, thorny or spiny species,
particularly Acapias, become more common; Pterpcarpus
lucens is very common in places.
Daniellia oliveri and
Khaya senegalensi's are conspicuous along river and
stream levees, at least in the southern half of the zone.
Auhreville recognizes three species of Parkia in the
savannah zones, the most common of which he identifies as
P. higlohosa; the others are P.. filicpidea and P. oliveri
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sparsej underlie an open woodland or dense thicket of
armed xerophytic species usually less than 20-30 feet
high; hut in places, possibly due to disturbance by grazing, there is closed, short, annual grassland with scattered Acacias.
As in the Sudan zone, grasses do not
regenerate until the rains arrive, and many of the trees
are leafless throughout the dry season, although some
have the typical small, evergreen leaves of xerophytes.
Ar1st1 da ,.STQ. and Schoenefeldia gracilis are
probably the most common grasses, although many others
occur.
The zone is characterized physiognomically by
the predominance of the Acacias (and like species)',
species occurring include A,.,., seyap., A^ ^sene^al,, A v Stenpcarpa, A.t jnacrothyrsa, and B al ani te s, ae gyptiaca." cTtlier
species include l^te^ca^pjos^,lucens and several smallleaved species of Oombretum (including .aculeatum) and
Bauhinnia.
Scattered large Baobab trees T^dansonia
digitataT give a particular character to some 'areas,
although they appear, generally less frequent than had
been seen previously amongst similar vegetation around
Niono in the internal delta of the Niger in the French
Sudan.
Although, in general, grasses are ecologically
dominant in all zones, i.e. it is the grasses which determine the composition of the .accompanying flora because
of the risk they introduce of damage by seasonal fires
(or, in some cases, perhaps, of damage by grazing or
browsing animals), there are certain areas in all zones
which can be classified as dry (or open) woodland (Fr.
foret claire).
In such areas, usually small in the Guinea
Savannah zones, the trees provide a canopy which is apparently sufficiently dense \ln the rainy season) to shade
out the grasses to an extent where their sparsity virtually
eliminates the risk of fire damage.
This is more
easily achieved in the Sudan and Sahel zones because the
short grasses most common here in any case cause less
severe fire damage than the tall grasses in the Guinea
Savannah which "both burn more fiercely and are liable to
be burned at a time Jwhen trees are throwing out new
foliage.
Despite their dominance in such areas, the
trees seem to be of the same fire-tolerant species occurring 3,n neighbouring grassland areas, although it is
possible that some species are perhaps only semi-tolerant;
this applies in particular to Anogeissus leiocarpus which
seems to be the major, or one of the maoor, constituents)
of dry woodland from the margin of the Guinea Forest
zone to at least the southern part of the Sahel zone.
Having escaped fire damage, however, the trees are
conspicuously more rohust, the canopy layer being at
about 60 feet in one patch of dry woodland seen in the
Sudan zone.
The natural vegetation described above has
suffered considerable degradation throughout much of
Haute Volta»
Over wide areas, no 'normal' vegetation
remains visible from the roads; this is especially the
case in the Koudougou-Ouagadougou-Fada n'Gourma "belt, as
well as around Ouahigouya and Banfora, predominantly the
granite areas it may be noted»
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found in the predominantly pastoral areas of the SudanoSahelian transition zone between Kay a, Dori and Djibo and
in the Sourou basing there is probably a correlation here
with more compact or clayey soils (over Birrimian rocks
or Sourou alluvium) occurring on almost flat topography,
conditions not favourable for peasant agriculture.
The
prevalence of tsetse and Simulium flies and the depredations of game probably account for the lack of settle-:
ment — and consequent preservation of the vegetation in
belts of some miles' width along the major rivers.
Guinea
Savannah has survived in some areas between Dedougou and
Bobo Dioulasso and, more extensively, betYi/een Banfora and
the Gold Coast frontier, as well as in a belt several miles
wide immediately to the north of the Gold Coast frontier.
A variety of reasons have been invoked for the general
lack of settlement in this zone of West Africa (in which
almost the whole of the Gold Coast savannah regions lie),
including disease (especially sleeping sickness), lack
of dry-season water supply and slave-raiding in former '
times; it is probable that the major factor, however,
is the unsuitaibility of the climate, transitional from
two-rainy-season Equatorial in the Guinea Forest zone to
single-rainy-ser.son Sudanese to the north, for the satisfactory production of the cereal crops of either of these
zones.
Man is mainly responsible for the degraded
condition of the vegetation elsewhere in the country:
directly, ''oj clearing land for cultivation (or as around
Bobo Dioulasso, by cutting wood for fuel) and repeating
the clearing of regenerating fallow vegetation at progressively shorter intervals as population pressure increases
and as soil fertility deteriorates; Indirectly, ^oy
provoking grass fires in the hope of stimulating new
growth in XDastoral areas or to facilitate the hunting of
game»
Around the larger towns, trees may have been
virtually eliminated within a radius of several miles
either because fallow periods are inadequate for regeneration to take place or because of the demand for fuelwood.
The immediate environs of most settlements, however, are
characterized by the presence of frequent, or even abundant, scattered, mature, 'useful' trees standing above
the almost-bare, continuously-cultivated land.
Butyrospermum Parkii and Parkia oliveri are the usual trees
preserved" in the souths but Acacia albida5* is predominant
further north and gives a particular character to the
cultivated areas of the Sudan zone; the Banfora area is
similarljr characterized by the exceptional numbers of
Borassus palms irhich have either been planted or preserved.
Ironpan exposed in such areas may be completely bare, but
usually carries short grasses (Aristida, Eragrostis,
Loudetia spp.) and herbs, and sometimes scattered, stunted
shrubs.
These areas are usually more-or-less continually
cropped and are grazed in the dry season: they appeared
almost bare at the time of the visit.
Weed grasses seen
include Cymb op o gon pr oximus (in flower, February, almost
throughout the count^y), Aristida ,spp», Eragrostis spp.
and probably Pennisetum pediceilatum.
Aubreville identifies this tree as Faidherbia albida
(Del.) Chev. (12).
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settlement, widely scattered low bushes may "begin to
survive on fallow land.
This is the highest stage of
development reached in many areas; "but in less heavilypopulated areas the regenerating fallow vegetation may
attain the frequency and height of the normal cover.
The floristic composition of the fallow regrowth, however,
is usually very different from that of the original
cover.
Gueria senegalensis is particularly common in the
low hush zone, and the older fallow (in the southern half
of the country at least) is usually characterized by the
prevalence of Butyrospermum, or, in the north, the increased importance of acacias and similar trees.
Grasses in
the fallow vegetation are generally medium and short in
the Sudan zone (Cymbopogon proximus» and a medium-height
Loudetia were the only two identifiable at the time of
the visit) and tall in the south (predominantly Andropogon
ga.vanus).
Considerably degraded vegetation is found in
some areas which are scarcely farmed at present.
In some
cases in the Sudan zone, more particularly in Birrimian
areas, short or medium grassland with only widelyscattered low trees and bushes is extensively developed.
It seems possible that these areas were formerly cultivated, the soils considerably eroded and then evacuated;
regeneration of the zonal vegetation may have been inhibited by the changed moisture relationships of the eroded
soils or by the almost total absence of trees to provide
seed; it is more probable that such areas have been taken
over as grazing land and that regeneration of trees is
inhibited by herdsmen cutting down branches for browsing
as well as the fact that in this zone goats are often
herded.
The conspicuously stunted appearance of the
trees in the Guinea Savannah between Dedougou and Bobo
Dioulasso, where there is relatively little settlement,
is possibly due to the exceptionally fierce fires which
probably occur, the grasses in this area, apparently
predominantly Andropogon gayanus, being unusually tall,
For a radius of probably twenty miles around Bobo Dioulasso, the collection of fuelwood is thought to be the
major degradational factor.
Impcrata. cylindrica has
become dominant in many disturbed areas over the Cambrian
sandstones, more particularly on lower slopes.
Over the old desert dunes in the north, the
area around large settlements (such as Markoy) may be
totally bare of vegetation except for a few, old, stunted
acacias or Baobab trees.
Around smaller settlements,
and at some distance from larger settlements, there is
short grassland usually with only rare small trees.
The fallow areas further away carry medium to tall grassland (Andropogon spp. dominant?; Eragrostis spp. also
seen) with scattered shrubs of non-thorny, deciduous
species (Combreturn spp.) as well as low acacias.
Valley
bottoms amongst the sands usually carry closer stands
of taller, mainly non-thorny, deciduous trees.
The areas between the dunes carry short
grassland with varying, but mainly small, amounts of
woody vegetation»
Acacias are common, but Pterocarpus
lucens and, in places, Anogeissus leiocarpus sometimes
form dense woodland along bottoms.
Vetiveria sp.
(nigritana?) was seen over some seasonally marshy areas.
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or erosion, with the possible exception of that involving
the break-up of low-level ironpan sheets in some Birrimian areas, not unnaturally seems to he accompanied "by
a degradation of the natural vegetation to that of a
more arid zone.
Eroded areas in the Sudan zone, for
example, commonly carry a scanty cover of short grasses
and stunted acacias or thorny, broader-leaved species
more typical of the Sahel zone.
This indicates that
if Sudanese vegetation is to be found in the Gold Coast
the place to look for it will be on the degraded soils
of the Prafra and North Mamprusi areas and perhaps of
the Lawra area.

LAND-USE

Present land-use
Although because of road conditions the time
of the year when the visit was made was the only practical one for making such a thorough tour of Haute Volta,
and in fact proved ideal for examining the physical
environment, it was not the most suitable period from
the agricultural point of view since there were so few
crops on the ground.
There will inevitably be omissions,
and possibly errors, therefore, in the description which*
follows, and in so far as this is inadequate, it would
be advisable for a complementary visit to be made towards
or at the end of the rainy season.
Haute Volta has no significant wealth in the
way of minerals or timber, and her economy is almost
completely agricultural, although stock-rearing is
important in the northern half of the country and livestock probably provide the country's major export.
Agriculture is predominantly pursued at a
subsistence level.
Millet and sorghum, together with
Shea butter collected from wild trees preserved on
cultivated land, provide the basis of the diet.
These
are supplemented to a small extent by groundnuts or
Bambara "beans (Voandzeia), cowpeas and perhaps other
minor legumes, and by vegetables grown around the compound;
(milk provides a valuable addition in the north).
To
what extent early millet and/or maize are grown could
not be determined, but it is thought probable that this
practice, which is general in the northern savannah
regions of the Gold Coast, may be confined to the Guinea
Savannah zone where alone the rainy season would seem
to be sufficiently long; it is possible, ho?>rever, that
small amounts of these crops may be grown on land immediately around the compound as happens in the Bawku area.
Rice is generally of minor importance except in the Banfora area in the west where several of the large alluvial
basins have been developed over the last two decades.
In the south, tobacco is often planted on compound land
at the end of the rainy season.
Further north, more
extensive areas around the compound are under cotton,
protected against stock after cereals have been harvested
by fences of sorghum stalks.
Crops are almost entirely grown on the ridge,
a practice so ingrained, it appears, that in the bottomlands around Banfora even rice was seen in one case to
have been planted in this manner.
The ridges do not
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to the slope.
Cropping is almost continuous on the land
around the settlement except where sheet ironpan has "been
exposed; the radius varies with the size of the settlement.
Land immediately around the compounds may he
manured directly "by the addition of compound refuse: the
extent of this practice is not known, hut it appears to
he small (13). More widespread is the method of manuring the frequently or continually cropped land indirectly
hy grazing herds of cattle over the area during the dry
season; Fulani herdsmen are reputed to he invited to
hring their herds down from the north into some Mossi
areas for this purpose.
Some French workers have considered that Faidherbia alb i da3* has a "beneficial fertilizing effect on the village lands where it occurs; it
seems more prohable that its value is indirect, however,
in that the soil "beneath the trees is disproportionately
heavily manured hy stock coming to eat the seeds which
fall and, in particular, take advantage of the shade it
offers.
It was impossible at the time of the visit to
assess the condition of the crops, hut production can
only he expected to he moderate to low, even on the "best
Birrimian soils.
Fallow periods are generally inadequate in length, and the henefits from longer fallows in
some areas are probably small since the regenerating vegetation appears to consist largely of weed grasses with
generally little woody vegetation.
The majority of
soils, even with longer fallow periods, could not he
considered fertile, and moisture relationships are often
poor due to degradation or erosion, the soils tending
to "become waterlogged at the height of the rains hut, at
the same time, "being quickly susceptible to drought.
Crop failures are apparently relatively frequent "because
of the variahility of the rainfall.
Locust swarms seen
on a moderate scale "between Kaya and Dori and hetvi/een
Dori and the northern frontier suggest another periodic
hazard to crop production in the northern Sudan zone.
Cash-crop production is relatively small,
although, as will he described "below, great efforts arc
now "being made to increase it.
For some years after
the extension of Ivory Coast railway to Bobo Dioulasso
in 193^ there was considerable production of groundnuts
in the Boho Dioulasso and Banfora ccrcles?35 Exhaustion
of the soils, particularly around Banfora, led to a
considerable reduction in production during the 19^-0's,
and exports are now said to he small and continuing to
decrease.
There is an appreciahle export of rice to the
Ivory Coast from the Banfora area where for some twenty
years the reclamation of the swampy alluvial basins
descrihed ahove has heen proceeding steadily; in other
areas of Haute Voltas rice production is so small that
the grain is only eaten as a luxury.
The growing of
cotton in the Sudan zone is prohahly traditional; yields
and quality are thought to he low and the majority of the
= Acacia alhida.
S3£

This is the area of groundnut production indicated by
R.J, Harrison Church on his map of the main export crops of
West Africa in Chambers's Encyclopaedia (New Edition) Ï950,
Vol. XIV, p.532.
He refers to this area, too, under 'Upper
Volta' on p.197 of the same volume.
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The efforts "being
made to develop cotton as an export crop will be described below.
There are reputed to be only two plantations
in Haute Volta.
These are for the production of sisal
and are both owned by the Societé des Cultures de Diakandape.
The two plantations, of 600 and 800 hectares respectively (approximately 1,500 and 2,000 acres respectively), are found on the outskirts of Bobo Dioulasso,
and occupy Red Earths closely resembling the soils
found on the Gonja Development Company's concession at
Damongo in the Gold Coast.
Full details of production
were not obtained, but the plants were seen to be spaced
at approximately ^--metre intervals along ridges 3 metres
apart.
Fields were rectangular, and no conventional
anti-erosion devices seemed to be used, although the
ridges wore more-or-less along the contours of the very
gentle topography.
There is some mechanical cultivation, but large amounts of hand labour are employed,
particularly for cutting the crop.
Artificial fertilizers are said to be used (probably sulphate of ammonia),
and the residues after retting are said to be returned
to the fields as organic manure.
Retting is carried
out on the estate within 1+8 hours of cutting and the
fibre sent into Bobo Dioulasso for baling.
Later, it is
railed to the Ivory Coast where some is absorbed by a
cordage factory at Bouake; the remainder is exported.
Production is said to be uneconomic at present because of
low world prices, and attention is being diverted to
market garden crops to supply the large demand in Bobo
Dioulasso (possibly also in Ouagadougou to which the
railway has recently been extended) and to undertaking
mechanical repair work.
As throughout the Sudanese climatic zone of
Africa, stock-rearing is of considerable importance in
Haute Volta.
The total number of animals kept in the
country is probably difficult to determine because the
Fulani herdsmen, the main cattle owners, live a nomadic
life, spreading out widely in the rainy season, but
moving towards the major dry season water supplies along
the Niger and Sourou or south towards the main cultivation areas as the dry season advances; this transhumance
takes no account of inter-territorial boundaries.
Duhart (13) gives the total stock numbers as t!more than
3 million cattle and even more sheep and goats''.
The few cattle kept in the extreme south
(mainly the northern fringe of the Guinea Savannah) are
n'Damas, but zebus are the characteristic cattle of the
country.
Small herds are kept, probably by Fulanis,
around settlements in the cultivation areas, but the
Fulanis graze large herds in the sparsely-settled, often
little disturbed, areas in the centre and north; (as has
been indicated earlier, where the soils are atall
light-textured or friable they are cropped: the predominantly pastoral areas seem to coincide with the less
tractable soils of Birrimian areas and the Sourou basin).
Despite the fact that it was the middle of the
dry season, the stock seen in the main pastoral areas were
in strikingly good condition: it is scarcely possible to
imagine that the animals one sees straggling down the
cattle-routes in the Gold Coast have started their journey
as such fine beasts.
The condition of the stock suggests
that the dry season pasturage, although scanty and of
little bulk, is more nutritious than that found in the
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liable to he burned and the stock are more likely to he
ravaged hy trypanosomiasis.
Browsing can scarcely he of
importance because of the generally leafless condition
of the trees; the lopping of acacias, characteristic of
the northern Sudan and Sahel zones, is probably mainly
for the benefit of herds of goats (of the long-legged
breed).
None-the-less, the figures given indicate that
the carrying capacity of the land is very low.
Dry
season water supplies appear to be the limiting factor.
As throughout Africa, the stock are kept
predominantly for their prestige value: numbers count for
more than quality.
None-the-less, they are of considerable economic value to their owners and the country.
Dairy products form the basis of the diet of the Fulani
males; (women appear to benefit to a far lesser extent,
their role being to produce cereal crops on cultivable
soil).
There is, too, a considerable trade in stock
with the coastal forest regions of the Gold Coast and
Ivory Coast where tsetse infestation restricts stock
rearing.
Considerable herds are brought down on the
hoof, often passing through the hands of relays of middlemen before finally being butchered.
A small but increasing number of animals is picked up in the major towns
and sent down to the Ivory Coast by road, and meat is
regularly sent by air from Ouagadougou to Abidjan? only
lack of suitable freight space is said to limit the
extension of this service.

Aims and methods of development
The economic problems of Haute Volta are essentially those of the Northern Territories of the Gold Coast,
more especially the north-east and north-west corners:
intrinsically poor, degraded or eroded soils carrying
more people than they are permanently capable of supporting
with present agricultural techniques; lack of alternative
resources such as minerals or timber which, if developed,
might support some of the population and relieve pressure
on the land; absence of special environmental factors or
human skills which might give an advantage over other
regions in the production of certain commodities; remoteness from the coast and access to world trade •— Ouagadougou is approximately 750 miles by rail from Abidjan on
the coast — a factor which halves the price obtainable
by the producer for exports and doubles the cost of
imports compared with coastal regions producing or depending on comparable commodities.
Haute Volta has an advantage over the Northern
Territories of the Gold Coast in that the Sudan climate is
more suitable (because of the lower humidity) than that of
the Guinea Savannah zone for the production of cotton which
provides a suitable cash-crop for export.
It may be
pointed out that the railway link which Haute Volta enjoys
with the coast does not necessarily give her an advantage
over the Northern Territories of the Gold Coast.
The
line is generally admitted to be useful in bringing in
construction material during the present stage of the
country's development, but it is doubtful whether it can
ever become economic since none of the goods which might
be produced in Haute Volta could stand the high cost of
transport to the coast.
For a decade or so after 1934
when the line reached Bobo Dioulasso the districts along
the railway were compelled to produce groundnuts for
export in an attempt to make the line economic, but the
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the lifting of the imposition.
Unlike the Northern Territories, Haute Volta
is' not linked politically with the more wealthy forest
zone and so is cut off from the substantial subsidies
from which the interior savannah regions of the Gold
Coast benefit.
In this respect, however, it should be
noted that Haute Volta as much as the Northern Territories
receives indirect support from the forest zone in that
much of the labour exployed on cocoa farms, in the mines
and in the towns of the south comes from, and eventually
returns to, these territories? throughout Haute Volta,
even north of Dori, people were constantly encountered
who had been south into the Gold Coast (or the Ivory
Coast) for a period of years, usually, it appeared, to
earn enough money to pay for the cattle needed to buy
a wife.
Even v/ere Haute Volta linked directly with a
cocoa economy, the vastness of the area needing to be
dealt with would make impracticable the introduction of
the costly soil conservation methods being used in the
Land Planning Areas in the north of the Gold Coast, and,
of necessity, more modest, but quite realistic, measures
are being adopted.
The keynote of the agricultural policy
for the country, as expressed by the Director of Agriculture, is 'intensification': by developing bottom-lands,
mainly for the production of higher-yielding rice; by
increasing the return per acre by introducing better crop
varieties, improving farming techniques and developing
suitable crops for export; and, where practicable, by
developing water resources for irrigation:- by such
measures, to permit the most degraded soils to be retired
from cultivation and the remainder periodically to receive
a more adequate fallow.
Formal conservation schemes are of limited
extent and are usually the responsibility of the Service
des Eaux et Forêts.
The few forest reserves are mainly
in areas which were in any case uninhabited and littledisturbed such as those along the major rivers.
Small
areas on the outskirts of Ouagadougou which have been
withdrawn from cultivation and protected from fire and
grazing for periods up to ten years show a remarkable
recovery of woody vegetation both in density and height
suggesting that if the policy of 'intensification' can
be made effective it might be possible, with similar
control measures, to make fallow periods more valuable
both in length and quality.
Near Ouahigouya, 9 hectares
(approximately 20 acres) of badly gullied upland soils
have been fenced off, stone checks put across the gullies
at close intervals, Crotalaria (sp.?) seed disseminated
to hold the surface wash and nim trees (Azadirachta indica)
planted at close intervals; Faidherbia albida may be
planted later since these trees are thought to have a
beneficial effect on the soil.
It is intended to study
the effects of these measures before planning more
widespread control measures in this vicinity.
The valley-bottom rice-schemes are generally
'similar in conception to the small schemes now being
undertaken in parts of the Gold Coast, as for instance
between Ejura and Atebubu.
They usually involve relatively small, streamless valleys, although a scheme involving some 1,500 acres of brown Vlei soils is being undertaken at Malba near the Black Volta almost opposite Babile
Agricultural Station, south of Lawra.

-M Except in the Banfora region, there has generally "been no tradition of rice cultivation along the
valley-bottoms, and it is necessary for the Agricultural
Service to carry out or supervise the initial, surveying,
clearing and broaking-in of the land.
Usually, hut not
invariably, low bunds are erected to divert run-off to
the sides of the valley and encourage greater absorption
and retention.
Thereafter, the land is allocated to
local farmers at a rate of 2-g- acres per family (reckoned
here at 10 people, old and young), although the scheme
remains under the supervision of the Agricultural Service.
Cultivation is entirely "by hand, hut it is hoped gradually
to introduce bullock ploughing.
In some cases, seed of
improved varieties has heen issued to farmers, hut with
little lasting effect since, in harvesting and storing,
the recipients have made no effort to keep the hotter
seed separate from that of the local and weed rices»
Relatively little cost is involved in these
schemes since the valley-hottoms are generally almost
treeless, the soils are easily broken in and no elaborate
water control measures are required.
Although funds have
not always permitted the construction of bunds, these would
seem to be essential in a climate liable to periodic
drought if satisfactory crop yields are regularly to be
obtained.
Weed-grasses arc said to have become a problem
in some schemes" what the grasses were could not be determined, although under the conditions, Imporata cylindrica
and certain sedges might be expected to be troublesome.
Large-scale development is made possible by the
presence of abundant water in the alluvial basins of the
Banfora region.
Several basins have already been developed over the past few decades and provide a surplus of
rice for export to the Ivory Coast.
Topographical and
hydrological surveys are currently in progress in some of
the larger basins.
Development to-date has mainly been
along the lines indicated above, although apparently
without the aid of machinery; but more elaborate watercontrol measures will be necessary in future schemes
because of the violence with which the floods often arrive
— sufficiently violent at times, it is said, to break
the stalks of standing rice — because of the great fluctuations in height of the floods, so that crops are occasionally drowned, and because of the continuation of the
inundation into the dry season in some areas, making
harvesting difficult or impossible.
Prom the configuration of the land, it appears unlikely that control could
be effected by means of barrages (unless sites could be
found behind the scarp); control may have to be effected
by improving drainage.
In developed areas, weeds have
become a serious problems these include Leersia hexandra
and probably Ischaemum rugosum. as well as wild rices and
various sedges.
Controlled flooding, thorough ploughing (by bullock?) and the transplanting of seedlings rather
than the broadcasting of seed would be expected to give
some measure of control.
On the upland soils, the most significant development is the encouragement being given to cotton production.
A report made to the Cie Francaise de Developpment
des Textiles (C.F.D.T.) in 1952 indicated the extent of
soils suitable for cotton production and gave a programme
for development v/hich included the construction pari passu
of ginneries in various towns (Hi-).
Seeds of the ' improved Allen' variety of American origin are being issued
to farmers and a certain amount of technical advice is given.
In return for growing the crop, the farmers are allowed to
retain a percentage of the lint.
A paragraph seen in a
local paper suggested that commercial production would reach

- 1+2 approximately 600 tons this season (presumably the 195U55 season).
Development is furthest advanced in the
Kaya and Koudougou cercles.
There is a ginnery in
Bobo Dioulasso, "but it is not knov/n whether the one next
to he "built, at Koudougou, or any others, are yet operative*.
At present, cotton is mainly grown in small
patches on land near, although not usually immediately
adjacent to, the compound.
There seems some risk that
the stimulation of production will lead to the more
intensive use of land further from the village where
there is less benefit from manuring, and that soil
degradation and soil erosion will become even more
serious as has happened elsewhere in Africa when a cashcrop such as cotton has been introduced into native
agriculture (15)«
The introduction of improved farming techniques
which, inter alia, might counteract this possible trend
is being promoted by the Agricultural Service through the
research being carried out on its stations and through
the newly-instituted demonstration farms.
With the
ultra-conservative nature of peasant farmers which is
usually stronger in regard to techniques than towards
crops, with the great area to be dealt with but with
limited resources with which to meet the problem, one can
be anxious whether the introduction of soil coverseration
techniques will progress as rapidly as the antagonistic
trends concomitant upon increasing pressure on the land
and the increasing production of cash-crops.
On the 'general' agricultural stations, such
as that at Saria between Koudougou and Ouagadougou, the
object is to elaborate rotations and develop crop varieties suitable to increase yields whilst maintaining fertility in the local environment.
Research is directed
from central stations elsewhere in French West Africa,
the local agricultural officers being more concerned with
managing the station and carrying out extension work in
their district.
Other stations are mainly devoted to
particular crops? Banfora mainly for fruit trees, particularly grafted mangoes, although attention has recently
been diverted to the production of rice on the bottomlands; Farako, formerly for groundnuts, now apparently
changing to cottonSK.
(Although not belonging to the
Agricultural Service, it seems appropriate in passing to
refer here to the station set up around 1950 at Niangoloko,
some 30 miles south of Banfora, by a semi-private, semigovernment organization, L'Institut de Recherches sur les
Huiles et Oleagineux (I.R.H.O.), at which long-term
investigations will be conducted into the production of
Shea butter from Butyrospermum Parkii; some attention
will also be given to the production of oil from groundnuts; tung trees are also said to have been planted).
The policy of 'intensification' extends also to
processing of produce where possible: cotton seed oil
is expressed for, inter alia, soap manufacture in Bobo
Dioulasso, and there, is a shea butter mill in
Ouagadougou.
afar

~The C.F.D.T. also has seed-multiplication stations
and a school for the training of field assistants near
Bobo Dioulasso.

- 2*3 To introduce improved techniques to farmers,
small demonstration farms are being set up throughout the
country.
The major mistakes normally attendant on such
a policy appear to have heen avoided: the farmer selected
to operate the farm is not a son or relative of the chief
hut is a representative — although necessarily congenial
— local farmer; nor is he given too much help in the
way of accommodation, equipment and credit so that he
comes to regard himself as in possession of a sinecure
and his neighbours to regard his improved situation to
government subsidy rather than improved techniques.
The farmer is in fact given a simple compound, a kraal
and, if necessary, a well, but he helps in the construction of these; he is given a plough and perhaps a small
cart, together with a pair of draught animals; he is
also given seed and credit for his first season's operations, but these it appears he is expected eventually
to repay.
He is instructed in the proper kraaling of
cattle, the application of manure, and the use of the
bullock plough, and is given a crop rotation programme
suitable for the local environment.
It is hoped that the success of such farmers
will demonstrate to neighbouring people the benefits to
be obtained from the new practices; through the demonstration farm, too, new crops or varieties can be introduced.
There are only a few of these farms as yet, and
none appear to have been operational for a sufficient
period to assess the success or otherwise of the policy.
Besides these demonstration farms, there are
'chiefs' farms' which, although they may have an instructive effect within a narrower field, have a different
object.
These farms are found along valley bottoms,
usually amongst more sandy soils than those suitable for
rice production, and usually cover one or two acres.
Within a bounding hedge or fence one finds an orchard of
mangoes (usually grafted), citrus, bananas, pawpaw, guava
and/or kapok planted in lines, together with smaller
patches of cassava,cotton, potatoes35 and salad vegetables.
These crops are hand-watered from wells within the farm.
Similar crops are often grown, although on a considerably
smaller scale, in Commandants' gardens in suitable localities near the major administrative centres.
Economic (and social) development is financed
and organized in two ways: through the Societes de Prevoyance £s.P.) — or, in some areas, the Societes Mutuels
European potatoes are grown on a fairly considerable
scale throughout Haute Volta, as much as 10 tons a year
being produced by one farmer at Tenkodogo (75 miles north
of Bawku) it is reputed.
New seed are introduced from
France every year and supplied to farmers through the
Societes de Prevoyance on the understanding that they
will repay 30 kgs of potatoes for every 25 kgs of seed
issued.
A supply bought by the writer at Kaya were better in constitution, appearance and flavour than those
he has had from Mampong' Ashanti, although they were not
the equal of fresh potatoes grown in Europe.
Being less
watery, they may have better storage qualities than those
grown in the Gold Coast.
It is suggested that a trial
might be given to the crop in dry-season gardens on
Agricultural Stations in the extreme north of the Gold
Coast, i.e. at Manga, Zuarungu, Navrongo and Babile.
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de Production Rurale (S.M.P.R.) — which dispose of local
funds; and through a government department, le Plan,
which disposes of the metropolitan funds available to
the territory from FIDES (Ponds d'Investissement et de
Developpment Economique et Social).
Societes de Prevoyance seem only to have heen
organized recently in Haute Volta, although similar
organizations have been in operation since 1901 in some
French colonies (16). These societies are organized
within administrative districts (cercles) and are presided
over by the Commandant (= Senior Government Agent); he
is assisted by an officially-appointed secretary/treasurer,
and by representatives of such technical government
departments as Agriculture, Animal Husbandry, Forestry,
Public Works and Rural Water Development.
A budget is
worked out to cover estimated expenditure on social and
economic development within the district for the year,
and a compulsory levy fixed for the local inhabitants to
raise the necessary funds; the society is also empowered
to obtain loans from the Agricultural Loans Board (Caisse
Centrale de Credit Agricole).
The societies' activities
cover a wide field such as the provision of feeder roads,
construction of reservoirs and wells, provision of agricultural implements and processing machinery, erection
of grain storage tanks to hold famine reserves, and the
issue of cotton and potato seed on credit to be repayed
by an appropriate amount of the crop harvested.
In the rather wealthier Bobo Dioulasso and
Banfora cercles, the place of the Societes de Prevoyance
is taken by the Societes Mutuels de Production Rurale.
These differ from the former in that their interests are
strictly agricultural, functioning more as a credit and
marketing agency, and that they have an elected chairman
and members, although the secretary/treasurer remains a
government official; these societies are in fact at
present organized much as the Societes de Prevoyance,
but it is hoped shortly to start them off on their intended basis, when the commandant and technical representatives will act only in an advisory capacity.
Local resources are wholly inadequate to meet
even the most essential social and economic needs of the
country, and considerable financial aid is provided by
the metropolitan government through FIDES.
These funds,
controlled by le Plan, find a wide application, helping
to build the railway which has recently linked Ouagadougou
with coast hospitals, schools and government buildings,
and supplementing the budgets of the Societes de Prevoyance (but not apparently of S.M.P.R.) to help in the
provision of rural water supplies, communications, dispensaries, etc. Duhart records that 1 million francs
credit (if C.F.A. francs are intended, this is equivalent
to £2,000) were recently allocated to soil conservation
investigations (13).
One of the major contributions made by these
organizations to rural development has been to improve
water supplies both for domestic use and for stocko
Wells have been sunk or deepened throughout the country,
and there are said now to be more than 100 reservoirs in
Haute Volta.
Many of the latter are retained by causeways carrying roads across valley-bottoms; some of those
seen were 20 feet or so high and wide (at the top) and
•§• mile long, faced with ironstone blocks and provided with
ample, and professionally-engineered, concrete-lined spillways.
There would seem to be considerable scope for this
forsi of development in rural areas of the Gold Coast,

- k5 with the structures professionally designed by engineers
of the Public Works Department or Department of Rural
Water Development rather than "by administrative officers
who, though usually commendably enthusiastic, are sometimes regrettably inexpert.
The dams, whilst mainly
for domestic use and for stock, especially in the north,
also benefit agriculture to some extent, since vegetables,
tobacco and occasionally maize, cassava and cotton can
be grown in the seepage zone below the structure or by
'calabash and splash' irrigation on the sides of the
reservoir or the effluent stream; rice can sometimes be
grown at the upper end of the reservoir as the water
recedes, too, and this seems to be particularly important
in the tributary valley of the White Volta crossed by the
Djibo-Ouahigouya road immediately east of the latter
town.
Evaporation rates are said to be of the order of
1 centimetre in 2k hours during the dry season.
Two larger projects of great potential importance in the country's development are under investigation, but their implementation will definitely depend
on the receipt of outside help since the capital required
will be beyond the resources of the local budget.
The
smaller project concerns the harnessing of the lakes in
the Kaya region (Lac de Bam, etc.) for irrigation of some
of the valuable bro'-m. clays derived from Upper Birrimian
greenstones? topographical and hydrological investigations are now in progress to assess the possibilities of
such development,
The larger project concerns the development of the Sourou basin.
Here, because of the peculiar topographical and hydrological circumstances described under Relief and drainage above, the construction
of a relatively low barra'ge "across the Sourou river near
its junction with the Black "Volta, and perhaps the construction of a canal across a loop of the latter river
above the junction, would make irrigation possible over
several hundred square miles of rich brown Vlei soils and
heavy hydromorphic soils above the barrage, for the
production of rice and cotton.
Such a project might need
to be undertaken by an organization alone the lines of
the Office du Niger.
In conclusion, the writer might add that he
was generally impressed by the realism of the French
approach to the difficult economic problems posed by the
interior -savannah belt of West Africa.
It may merely
be, of course, that working on a shoestring budget
exercises a salutory control on the planning of development so that only the more simple and practical methods
can be considered; but, on the whole, the practical,
unsentimental approach appears to be more fundamentally
based than this.
All officials met were working with .
conspicuous enthusiasm, and the writer was impressed by
the remarkable amount that is being achieved in a country
so lacking in natural resources.

Developments in Haute Volta in relation
JL2L the Volta River Project
It is unlikely that any of the developments at
present proposed in Haute Volta will seriously affect the
volume of flow into the Volta dam.
None-the-less, it would
obviously be advisable to keep developments in this territory under periodic review.
The effect of dam construction and rice projects along thé minor valley bottoms
will be to reduce the amount of water entering the major
rivers, but their effect, considering the enormous area

- he of the total catchment, is likely to be insignificant
within the foreseeable future; they will, moreover, have
a compensatory effect in reducing the eluviation of silt
into the rivers.
With the limited resources available
in Haute Volta, the increasing pressure of population
on the land and the difficulties of rationalizing agricultural techniques and methods of animal husbandry amongst
a conservative, unambitious people, it is scarcely conceivable that soil conservation measures can be undertaken on such a widespread scale that the flow of the
major rivers will be significantly reduced by increased
retention of water in the soil and its gradual loss by
evapo-transpiration rather than by seepage and outflow.
So far as the writer understands the scheme,
the effect of developing the Sourou basin for largescale irrigation would be to divert much of the floodwater from the upper Black Volta into the Sourou basin
during the first half of the flood season at least, or
perhaps throughout the season in years of low rainfall;
on the other hand, whereas at present drainage from the
Sourou basin is slow and a considerable proportion of
the floodwater is lost by evaporation during the prolonged dry season, it seems probable that the need to
allow the land to dry out for harvesting would necessitate the rapid withdrawal of the irrigation water during
the early part of the dry season, and with the period
of exposure to evaporation reduced, a considerable
proportion of the floodwater originally entering the
basin would consequently be likely to find its way back
into the lower Black Volta.
To facilitate the rapid
drainage of water from the Sourou basin, the level of
the lower Black Volta would temporarily be reduced by
retaining water in the upper course behind the diversionary barrage; this water would then gradually be
released during the dry season»
On the whole it
appears unlikely that the Sourou basin project would
seriously affect the flow of the Black Volta: even were
it to do so, it should be noted that the part of the
total Volta catchment affected would only be 11,21+0 sq.
miles or approximately 7»5$> of the total area.
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Itinerary
January 28th, 1955'

Left Departmental headquarters,
Kumasi, for Tamale.

29 th

To BaY/ku.

30th

Entered Haute Volta via Mogoumnore;
to Ouagadougou via Tenkodogo and
Koupela.

31st

February 1st

a.m.

At Ouagadougouj meeting with
Messrs. L'Homme (Chef du Service
d'Agriculture), Balay (Chef du
Service d'Elevage), Pezin (Chef du
Service Hydraulique), Delage (Adjoint
au chef du Service des laux et
Forets) and Vorms (Adjoint au chef
du Service du Plan).

p.m.

Visited forest reserve on outskirts
of Ouagadougou to see effects of
fire protection on natural regeneration.

a.m.

Met Secretary General.

p.m.

To Red Volta "bridge on Bobo Dioulasso
road and return Ouagadougou.

2nd

To Po and return Ouagadougou.

3rd

To Koupela.

i+th

To Kaya via Boulsa.

5 th

At Kaya: met Commandant, M. Ducellier (geologist), M* Jalloudec
(Hydrologist) and Mr. and Mrs. Jones
(Assembly of God'Mission).

6 th

At Kaya.

7th

To Lac de Bam and return Kaya.

8th

To Dori via Pinsa.

9th

10th

11th

a.m.

At Dori: met Commandant, M. Pezin
(Chef de Service Hydraulique) and
M. Jalloudec (Hydrologist); to
Bamga well-site and return.

p.m.

To Tin Agadel with Messrs. Pezin and
Jalloudec.
To Tin Akof via Markoy with
Messrs. Pezin and Jalloudec;
Dori.

return

To Djibo via Aribinda with Messrs.
Pezin and Jalloudec; met Assistant
Commandant.

- kS 12th

To Ouahigouya; met Commandant and
Mr. and Mrs. Hall (Assembly of God
Mission).

13th

At Ouahigouya.

11+th a.m.

At Ouahigouya: with M. Miguel
(Eaux et Porets) to soil conservation project and nursery;

p.m.

To Yako; met Assistant Commandant.

15th

To Bousse (approx.); return Yako;
to Koudougou; met Assistant
C ommandant,

16th

To Agricultural Station, Saria and
return Koudougou.

17th

To Tougan; met Assistant Commandant
and M. Leneuf (Pedologist, O.R.S.T.O,

18th

To Dio and return Tougan:
C ommandant.

19th

To Bai (French Sudan) with M. Leneuf;
fieldwork.

20th

Fieldv/ork around Bai ?/ith M. Leneuf;
return Tougan.

21st

To Dedougou; diversion en route
from Gassan to Black Volta - Sourou
junction; met Assistant Commandant.

22nd

To Safene (approx.) and return
Dedougou; to Black Volta "bridge on
Nouna road and return Dedougou.

23rd

At Dedougou: met Chef de cercle
dfAgriculture.
To Bobo Dioulasso.

2i|th a.m.

At Bobo Dioulasso: visited bureau
of Service des Eaux et Porets;

p.m.

met

To Yabasso (approx.) on Ouagadougou
road and return Bobo Dioulasso.

25 th

To Mare aux Hippopotames with officers
of Service des Eaux et Porets, and
return Bobo Dioulasso.

26th

At Bobo Dioulasso: met M. Tissier
(Service d'Agriculture); to Banfora;
met Commandant and Assistant Commandant .

27 th

To Karfeguela falls and return
Banfora.

23th a.m.

Visited Banfora Agricultural Station
and local rice schemes with M. Tousard
(Service d'Agriculture).

P.m.

To Loumana (proposed rice project)
via Sindou (demonstration farm) with
M-. Tousard; return Banfora.
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March 1st

To Mondo (on Banfora - Drodora-Sikasso
road) and return Banfora; to Loropeni
(Gaoua road) via Seradougou; diversion
(unintentional) to Bougouri-Ba river
from Seradougou.

2nd
3rd

JKTO.

To Diehougou via Gaouai

met Commandant.

a.m.

To Mal/ba Mechanized Rice Project and
return Diebougou.

p.m.

Return Gold Coast via Ouessa; to
Lawra (met Government Agent at Nandom).

I}.th

To Baoile Agricultural Station and
return Lawra»

5th

To Navrongo via Tumu.

6th

To Tamale.

7th

At Tamale.

8th

Return Departmental headquarters,
Kumasi.
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