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PART I, PROGRAMME FOR FIELD TOUR,
Refer to Map 1,

DAY 1.
Depart Jos.
Stop at Naraguta _
Profile Bxaminations near Toro. Profiles 1, 2, 3.
Stop at Panshanu
Lunch at Bauchi
Profile Examination Bauchi ~ Zalanga road. Profiles 4, 5.
Night halt at Bauehi,

DAY 2,
Depart Bauchi
Profile Examination Bauchi - Kafin Madaki road. Profiles 6, 7, 8,
9, 10, 11, 12,
Packed lunch at Kafin Madaki.
Profile Examination near Miya, Prefiles 13, 14.
Night halt at Bauchi

DAY 3.
Depart Bauchi
Profile Examination near Alkalere. Profiles 15, 16.
Stop at gorge section,
Lunch at Gombe
Profile Examination near Gombe. Profiles 17, 18.
Night halt at Gombe,

DAY 4.
Depart Gombe
Profile Examination near Kwaya Tera, Profiles 19, 20, 21.
Packed lunch en route.
Profile Examination near Biu, Profiles 22, 23, 24,
Hight halt at Gombe,

DAY 5.
Depart Gombe
Profile Examination near Dadin Kowa. Profiles 25, 26, 27, 28,
Lunch at Bauchi
Retura Jos,
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PART I1I. THE ENVIRONMENT.

The area to be vigited during the field tour is described in the
introductory chapters, and shown on Map 1.

The area was chosen because it contains a relatively wide and varied
range of soils, This variety is caused by important differences

in geological and geomorphological conditions. The locations of
the profiles to be studied are shown on Map 1.

Previous work

Reconnaissance soil surveys (1:100,000) have been carried out in the
eastern part of the area by the Institute for Agricultural Research
(Klinkenberg et. al, 1963, Klinkenberg, 1967) later assisted by staff
of the Land Resources Division (Carroll and Hope 1970). This

eastern section was also part of the area for a comprehemsive study
by the Land Resources Division (Aitchison et. al. 1972; Bawden,
Carroll and Tuley, 1972); de Leeuw, Lesslie and Tuley (1972)).

The land forms and soils of the western part of the area have been
described by Hill et, al, (1972). Their report is accompanied by
1:250 000 soil maps.

Climate,

Climatic data are published by the Nigerian Meteorological Service.
Unfortunately only records up to 1962 are available.

Bauchi and Jos are the only stations for which full climatological data
are available, Rainfall records are available for some 13 stations.

Monthly means for maximum and minimum temperatures as well as relative
humidities are given in Table 1 for Bauchi and Jos for the year'1962.
The table shows that the highest temperatures occur just before and
after the rainy season, while the lowest minimum temperatures are
recorded during the dry season, \
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Rainfall data are produced in Tables 2 aﬁd 3. The location of the
various stations is shown on Map 2, which also gives the monthly
digtribution depicted in histograms for some stations.

Total rainfall over most of the area is in the order of 870 to 1,150 mm
(34 to 45 in.). ‘here are considerable local variations due to
topographic factors. The Jos Plafeau haas a ﬁigher rainfall thaa the
rest of the area: 1 300 to 1 400 mm (52 to 55 imn.).

The rainy season starts in the first half of May (April for Jos Plateau)
and finishes at the end of September. In the west, around Bauchi, the
distribution shows a definite peak in August, while in the east the
rainfall is more evenly distributed over the months of July, August and
September. The rainy season tends to be slightly longer in the east
thin in the wesat.

The dry season is very severe as hardly any rain falls between November
and March, Relative humidity is very low during this period. During
the dry season the winds come mostly from the north-east and often carry
dust (harmattan), During the rains the dominant direction of the

winds is from the south-west.




Table 1: Temperature and relative humidity for Bauchi and Jos
(1962).
Month Mean Mean Mean Mean RH RH
Maximum { Minimum | Maximum | Minimum 09.00 15.00
% % OF \ Op

Bauchi
Jan, 29,2 11.3 84.5 52.4 17 11
Feb. 33.0 14.8 91.3 58.7 12 8
Mar. 36.7 21.5 98.0 70.6 26 16
Apr, 36.1 23.4 96.9 74.1 38 26
May 35.0 23,0 94.9 73.4 50 33
June 31.2 21,2 88.1 T0.1 64 53
July 29,6 20.6 85,2 69.1 T4 65
Aug. 28.4 20.0 83.1 67.9 76 66
Sept. 28.7 20.1 85.5 68.2 72 62
Oct. 31.7 19.7 90.0 67.4 55 43
Nov. 34.1 18.5 93.3 65.3 43 29
Dec. 32.4 14.3 90.3 57.8 18 15

Jos
Jan, 26.1 12.3 78.9 4.2 - 14 9
Feb, 28,7 14.9 83.7 58.8 10 5
Mar, 30.3 18,2 86.5 64.8 39 28
Apr. 29.0 18.9 84.1 66.0 53 44
May 28.4 18.0 83.0 64.3 63 46
June 25.5 16.8 T7.9 62.3 74 66
July 24,2 16.8 75.6 62,2 77 72
Aug. 23.4 16.2 T74.1 61,2 81 76
Sept. 25.5 16.7 77.8 62,0 T4 69
Oct. 27.9 16.8 82.1 62.3 56 44
Nov. 26,8 16.8 83.8 62,3 39 29
Dec, 28,1 15.3 82,6 59.6 18 15

7.




8

Pable 2:

Monthly rainfall data (mm) .
Station Jan, Feb, Mar, Apr. May June July Aug, Sept. Oct. Nov, Dec. Total Fumber of

- Joarss
Jos 3 3 25 88 199 225 321 | 278 214 42 4 2 1,402 40
Naraguta 2 1 15 76 180 194 306 273 234 49 4 2 1,335 19
ke Katagum - - 2 40 87 132 192 304 173 38 - - 967 5
Bauchi - - 5 35 93 147 255 340 181 34 1l - 1,091 52
K. Nadaki - - 4 18 86 147 295 | 298 178 27 - - 1,054 10
Fingi - - 4 22 69 186 303 | 335 200 36 - - 1,156 7
Darase - - 4 18 89 119| 253 | 366 157 33 - - 1,039 9
Alkalere - - 5| 2 53 100 188 | 322 148 32 - - 871 5
Gombe - - 8 38 126 143| 215 | 205 218 43 1 - 997 9
Tula - 1 5 36 93 105 148 | 180 216 76 13 - 8713 1

Kwaya Tera - - 6 19 125 97 246 210 199 91 - - 994
Shani - - 2| 12| 120 | 3| 22| 8 | 169 | 122 4 - | 1om 7
Biu - - 4 33 124 142| 192 | 240 217 58 2 - 1,012 20




Table 3: Monthly rainfall data (in).
Station Jan, | Feb, | Mar, | Apr. May | June | July| Aug. | Sept.| Oct. | Nov., | Dec.|Total Fuaber of
Years
Jos 0.10 | 0,11 | 1,00 | 3.45| 7.84 | 8,87 {12.63] 10.93] 8.42 | 1.65 | 0.14 | 0.0T| 55.21 40
Naraguta 0.06 | 0.04 0.61 2,98} 7.10| 7.64}12.04|10.73| 9.23 | 1.92 | 0.11 | 0,09} 52.55 19
L. Katagum - - 0.08 | 1.58 | 3.41] 5.18| 7T.54( 11.97] 6.83 | 1.50 - - 38.09 5
Bauechi - 0,02 0,21 ] 1.38] 3.67| 5.79]|10.02} 13.38] 7.11 | 1.35 | 0.03 | 0,01] 42.97 52
K. Madaki - 0.02 | 0,15 0.71| 3.38| 5.79|11.61| 11.74{ 7.02 | 1.07 - - 41.49 10
Ningi - - 0.1T| 0.87| 2.73| 7.34|11.94| 13,20} 7.86 | 1.41 - - 45.52 7
Daraso - - 0.17| 0.72| 3.52| 4.68| 9.95] 14.39| 6.18 | 1.31 | - - | 40.92 9.
Alkalere - - 0.13| 0.95] 2.09| 3.99| T7.40| 12.66| 5.82 | 1.25 - - 34.29 5
. Gombe - - 0.31] 1.51| 4.98| 5.64| 8.4T| 8.08| 8.57 | 1.68 | 0,05 - 39.29 9
Tula - 0.,03| 0.20| 1.41| 3.67| 4.15! 5.83| 7.08] 8.50 | 2.99 | 0.50 0.02L 34.38 11
Kwaya Tera - - 0.22| 0.76] 4.94| 3.83| 9.69| 8.27} 7T.84 | 3.59 - - 39.14 T
Sheal - - 0.07| 0.46| 5.07| 5.63| 8.34] 9.78] 6.65 | 4.82 | 0.15 - 40,97 T
Biu - - 0.16| 1.30| 4.88| 5.59| 7.55| 9.44] 8.54 | 2.30 | 0.07 - 39.83 20
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Geology.
Map 3 is a simplified geological map of the area.

 Basement Complex. The geology of the western part was first described
by Falconer (1911). Falconer and Raeburn (1923) investigated part of
the area in more detail and Bain (1926) described the geology of the
area around Bauchi town. The Geological Map of Nigeria (1964) shows
the area mainly as undifferentiated Basement Complex, with areas of
Cambrian or Pre-Cambrian Older Granites and Jurassic Younger Granites.
Oyawoye (1962) has discussed the petrology of the area around Bauchi

towmn.

Fargher, in an undated report on the Basement Complex of the Toro Sheet
148, has distinguished four main groups of rocks in the Basement Complex:

1, Garnstiferous schists and gnsisses.
2. Migmatites
3. Granite gneisses

4. Coarse porphyritic granites.

These four groups can probably be included with the gneisses and
migmatites described by Oyawoye (1964), The migmatites and gneisses
are heterogeneous gnd all grade into each other. The gneisses are
typically strongly foliated with bends, stréaks, veing and pegmatites;
scattered felspar phenocrysts occur frequently. Where veining is more
abundant the gneisses grade into migmatites; where the gneisses are
strongly porphyritic they grade into porphyritic granite, that is the

. 0lder Granites. Fargher suggests that the gneisses always occur
between migmatites and porphyritic granites, but Oyawoye (1964) points
out that many different types of granite contact have been observed.,

A series of non-orogenic intrusives and associated acid wolcanies of
Jurassic age have been intruded into the Bagement Complex and are
referred to as the Younger Granites. These have been discussed in
congiderable detail by Jacobason, MacLeod and Black (1958) and by MacLeod,
Turner and Wright (1971).. For the most part the Younger Gianites
outerop on the marging of the area, but the Kwandonkaya Hills end
Zeranda Hill form major massifs within the area.

The geology of the eastern part of the area has been described by Carter
et. al, (1963).




Cretaceous sediments. These have been described by Carter et al. (1963).—
Cretaceous sediments were deposited in what is now the middle and lower
parts of the Gongola Valley. The strata have beem tilted so that in
general younger formations are exposed in the west and older ones in the
éast.

The oldest Cretaceous sediments are the Bima Sandstones. They consist

of massive, coarse, false-bedded sandstones resting unconformably on

rocks of the Basement Complex. The sandstones are largely derived from
the erosion of the Basement rocks and particularly in the lower parts,
frequently contain felspar, '

The Bima sandstones are succeeded by a group of sedimentary roecks, which
are here referred to as "transitional formations". The eonditioms
under which these rocks were laid down varied from time to time and from
place to place, although marine enviromments were most common. The
rocks consist of shales, limestones, mudstones and sandstones. Often
several rock types occur within short horizontzal or vertical distances.

The sequence of Cretaceous sediments is concluded with another group of
continental deposits, the Gombe Sandstone Formation, This formation
consists of flaggy sandstones and siltstones, In places the rocks ars
strongly haematised, The distribution of the various formatioms is to
some extent governed by gentle folding and faulting, The msin axes of
folding run approxiiatoly west-south-west to east-north-east. .In the
core of some of the structural units, e.g. mear Gombe and Kaltungo,
rocks of the Basement Complex are exposed. These are also found in the
east of the excursion area.

Tertiary sediments., Paleocene sediments, occurring in the centre of the
area, consiat of a sequence of flat-lying continental grits, sandstones
‘and occasional clays kmown as the Kerri Kerri Formation.

The Kerri Kerri Formation unconformably overlies Cretaceous sediments in the
east and roeks of the Basement Complex im the west. On the boundary botween.
the Basement Complex and the Kerri Kerri Formation a basal corziomerate is -
commonly foumd, ‘

The Kerri Kerri Formation is covered by a layer of reworked material and
outcrops of the actual rock are relatively infrequent,

11,




Basalt and other volcanic rocks, The main area of volcanic activity
has been in the Biu Plateau in the east. This plateau consists of a
number of extensive flows of olivine basalt, There are several volcanic
cones on the plateau, which are associated with a variety of pyroclastic
roeks, including agglomeratic tuffs.

Throughout the Cretaceous area in the south are numerous volcanic cones and
plugs, which consist of basaltic material or of trachyte. They vary in
height from a few meters to about 700 m.

Recent deposits., The importance of ecolluvial, alluvial and to some
extent aeolian superficial depesits is discussed in the section on soil
genesis later in this booklet. ‘

Geomorphology.

The area can be divided into three major physiographic regionms,
corresponding to major geological differences:

' The Basement Complex region in the west.
The Kerri Kerri Sandstone region,

. The Cretaceous region in the east. This region
also includes Basement Complex and basalt areas.

The Basement COmplexbregion in the west. Hills mountains and isolated
inselbergs occur scattered throughbut the region and escarpments are found
on the nérgins. Dissected plains, that is areas of low relative relief
and fine drain#go texture occur mainly om and around iajor watersheds, To
the south of the Chad Gongola watershed dissected plains occur due to
erosion by the headwaters of the Gongola River system. To the north the
terrain becomes flatter and drainage texture coarser, In general terms
the Basement COnpiex region has had a relatively stable development., 0ld
land surfaces are well established and there are extensive cappings of
ironpan. The area has been subject to considerable reworking of surface
‘material, but the broad land form pattern has been maintained for long
.periods.

The Kerri Kerri Sandstone region consists of an undulating plain with a
very widely spaced drainage system. A few, small hills, capped vith
 ferruginised sandstone rise above the level of the plain. Erosion of the
~ whole area has taken place during the late Tertiary to the present.

12,




The Cretaceous region in the east has a very varied relief. The
sandstones and granites form several steep hill ranges which alternate
with gently undulating plains. The transitional formations generally
give rise to gently undulating terrain. The basslt forms plateaux
often bounded by steep escarpments.

This landscape has been effectively rejuvenated by tectonic movements
and the downcutting of the Benue-~Gongola River system. The associated
erogion in combination with the varied lithology, has produced the

diverse terrain,

The development of the landscape is summarised below, The dating is

tentative,

1. The formation of the post-Gondwana surface in the Cretaceous. This
is now represented on parts of the Jos Plateau and some remnant hill

magses.

2. (a) The post-Gondwana surface was cut into by the African cycle
of erosion (King 1962), which by the Miocene resulted in an
extensive planation surface at about 760 - 670 m (2 500 - 2 200 f£t).
This is now represented by the Toro Plains and the summits of many
hills and inselbergs to the east.
(v) The Kerri-Kerri sandstone was deposited in the early Tertiary
and Carter et. al. (1962) suggest a Palaeocene date. Burke and
Durotoye (1970) suggest a Pliocene age. The relationship between
the Kerri Kerri and the African surface is thus not clear: if the
Kerri Kerri is Palaeocene, the African surface must be older than
Miocenei if the African surface is Miocene, then the Kerri Kerri

must be more recent,

3« The African surface was eroded and by the Pliocene the post-African
planation surface was well developed (King 1962), It is seen
throughout much of the Bauchi area and as mesa remnants on the Kerri
Kerri formation at about 600 - 450 m (2 000 - 1 400 f£t). It is not
known how far this surface extended to the east as it is possible that
tectonic disturbance may have prevented their formation,

4, Extensive ironpan formation took rlace on the existing surface,
probably during the Pliocene. It was formed before the Villéfranchian

as ironpan underlies Chad deposits further north, !
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5. Volcanic activity took place during the late Tertiary or early
Pleistocene. Extensive basalt lava flows were extruded to form the Biu
and Longuda Plateaux, They overlie irbnpan end Burke and Durotoye
(1970) quote a K/Ar date of 2.8 x 10° years.

6. Continued uplift along south weat to north east axes in the eastern
part of the area was accompanied by downcutting of the Gongola and
other rivers which have cut gorges in some places.

Te Erosion of the ironpan surfaces may have been associated with this
period of downcutting, but as erosion of most present day surfaces is
continuing it is not possible to date the start of the erosion.

8. In the Pleistocene during one or more arid periods there has been

extensive reworking of surface materials throughout the area, resulting
in stony gravelly or concretionary layers. The concretionary material
has sometimes been recemented to form a secondary ironpan, which has in

its turn been eroded.

9, Vind blown sands were deposited during an arid period, particularly
in the north of the area. These may have been associated with a period
of reworking.

10, Terrace deposits were laid down along some rivers.
11, Streams and rivers were incisédd.

Vegetation. The vegetation of the area has been described by Ramsay
and de Leeuw (1965). It is a reflection of climate, site, soil and the
activities of man, '

In relatively undisturbed areas a mature woodland has developed. The species
compesition is related to rainfall. In drier areas (generally less than

1 000 mm per annum), Anogeigsus leiocarpus, Combretum spp. and

Prosgopis africana are dominant, while in areas of higher rainfall

Afrormosia laxiflora, Detarium microcarpum, Isoberlinia dokas and

Burkea africana are more common. The woodland is best dsveloped on the
plains of the Kerri-Kerri Sandstone where it is 10 to 15 m tall and quite
dense, In the Basement Complex in the west it is more open.

Rocky and hilly areas also often carry a woodland of varying density.
Boswellia dalzielii is a characteristic species in the drier areas and
Detarium microcagpg! and Isoberlinia doka are common in the west where
rainfall is higher, Riparian woodland is found along a number of
streams. The Vertisol areas over shale, where not cultivated, carry a

14,




dense Acacia (A. Seyal and A, polzacantha) woodland while poorer
drained areas on the basalt have an open tree or shrub savanna with
Acecia hookii,

In areas of dense, permanent cultivation a parkland is found of useful
trees such as Parkia cla ertoniana, Tamarindus indica, Butyrospermum

paradoxum, Adansonia digitata which are preserved for their fruit.
A combretaceous shrub savanna develops after cultivation with as most

common species: Combretum glutinosum, C. ghasalense, Piliostigma
reticulata and locally Guiera senegalensis, '

Land Use,

Arable farming. Cultivation on the Basement Complex in the west is
mainly concentrated to the south-west of Bauchi. vThe area to the
wesat of the Bauchi-Ningi road is very sparsely inhabited and is only
locally cultivated.

The cultivation pattern in the Kerri Kerri Sandstone area is variable.

Near villages with good water supply there are relatively extensive aresas .

of large, square cultivated fields. Elsewhere, especially in the south
the population density is extremely low and cultivation is very sparse.

The most important farming areas are on the sedimentary rocks and the
basalts in the east. The area under cultivation here has increased
dramatically over the last 20 years and a considerable number of people
bave migrated into the area, from as far away as Sokoto in the North—
Weastern State of Nigeria. Near main roads there afe several areas of
permanent cultivation.

The main food crops grown are sorghum, millet and cowpeas, while rice and
cassava are of less importance. Some of these crops are also sold for
cash, but cotton and groundnuts are the main cash crops grovwn. The
eastern part of the area, between Gombe, Biu and Numan is one of the
most important cotton areas in Nigeria producing in the order of

36 000 tons seed cotton per year, that is nearly 25 per cent of the
Nigorian production, There are ginneries at Gombe, Lamurde and near
Kumo and Biu. Groundnuts are of secondary importance as a cash crop.
They are mainly grown near Bauchi and on the sandier 80ils near Gombe,

Virtually all farming is done by small-holders. In the east there are
a considerable number of mixed farmers who use bullock-ploughs for
cultivating their land. ~ Elsewhere farmers use mainly hand-tools.




Fertilisers and insecticides are mainly used on more remunerative crops

like rice and vegetables,

There are a few commercial farms, the most important of which is the

4 000 ha project of the Nigerian Agricultural Development Industry at
Dadin Kowa, = Tomatoes, sorghum, cotton, onions and other vegetables are
some of the crops grown on this scheme, which is partly irrigated. The
project also includes a tomato paste factory.

The possibility of constructing a dam across the Gongola River at Dadin
EKowa is being studied. This could be used for generating electricity
and for irrigating some 50 000 ha of land. This is mainly along the
lower course of the Gongola, near the confluence with the Benue. In this
area a large (18 000 to 10 000 ha) sugar plantation is being established.

Livestock. Most of the cattle in Nigeria belong to nomadic or semi-
nomadic Fulani. These people move their cattle during the dry season to
areas tn the south and along rivers where grazing and water are then
available. During the wet season these areas are unsuitable because of

flooding end the presence of tse-tse fly.

Accurate data on the number of cattle are difficult to obtain but it is
estimated that the cattle population in the Bauchi-Gombe-Biu area is in
the order of 250 000 to 350 000. About half of these spend the wet
geason in the Kerri Kerri Sandstone area. ° The others are found around
Bauchi {mainly to the north), Gombe and Biu. Some of the latter are
owned by mixed farmera,

Dhuring the dry season the cattle from the Kerri Kerri, Gombe and Biu areas
move to the Gongola and Benue Valleys. The cattle from the Bauchi area
move mainly to the south-west. Crop residues form an important part of

the animsl's diet during the early part of the dry season.

There are or have been important foci of tse-tse fly to the west amd
northwest of Bauchi, in the southern part of the Kerri Kerri Sandstone
ares in the Gongola Valley and around Biu. These are mostly Glossina
morsitans, but G. palpalis and G, tachinoides are also important,

particularly near streams. A large eradication scheme is in progress
in the Gombe-Biu area, while a smaller tse-tse clearing project was
carried out near Kafin Madaki.

There is a meat processing and canning factory at Bauchi. Data are not

available for other livestock, as goats, sheep, donkeys, horses and
poultry.
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Forestry. (2 500 sq. mi) Some 6 500 Km® (i.e. about 11 per cent
of the area) have been declared Forest (or Game) Reserves., In the past
the Govermnment Forestry Department concentrated mesinly on demarcating
unfarmed areas as reserves. . At present establishment of new reserves
has come to a virtusl stand-still and efforts are concentrated on
developing the resources of the existing reserves. This is mainly done
by establishing plantations on the better suited sites in the reserves.
Most common species are Eucalyptus, Gmelina and Neem (Azadirichts indica).

Some reserves, particularly near Biu have been converted to grazing
reserves, The 1850 kmz (720 sq. miles) large Yankari Game Reserve

is well established. There are also plans: to develop the Lame Reserve
(2 300 km2) (900 sq. miles) northwest of Bauchi for game.

17




PART III. SOILS.
Classification conventions.

The soils have been recognised as units of the Soil Map of the World
(FAO 1970). In the use of the Key to the Soil Units, certain
conventions have been adopted and these are outlined here.

1. Layered or polyphase soils, that is soils that have one or more
discontinuities in the profile are classified on their characteristics
to a depth of 1 m, Thus if the discontinuity is below 1 m, the soil

is classified solely on the characteristics of the upper layer: if the
discontinuity occurs at less than 1 m the characteristics of the lower

layer are also taken into account.

2. The Gleyic Horizon. The definition given by FAO is not very

specific. A more specific definition is suggested below.

(1) The gleyic horizon is indicative of pronounced wetness
occurring within 50 cm of the surface, and is reflected by:

a Colours on the Munsell gley colour page. :
and/or b For hues of 10YR or redder moist chromas of 2 or less and
values of 5 or more, \oyR
For hues yellower than 25Y moist chromas of 3 or less
and values of 5 or more.

(ii) Pronmounced red mottling is not considered diagnostic for
the gleyic horizon.

(iii) If values are 4 or less motties along root channels indicate
the presence of a gleyic horizon,

Al though not specific to the classification certain other conventions
for defining drainage classes can be conveniently listed here. Thesa
are extremely tentative and should be regarded as a basis for discussion
only,

Drainage classes given here are based entirely on profile morphology.
The presence or absence of a water table is not taken into account in
assessing the drainage class but should be recorded,

Very poorly drained. Gleyic Horizon colours within 10 cm of surface.

Poorly drained. Gleyic Horizon colours within 50 em of surface.
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Imperfectly drained, a, Gleyic Horigon colours within 150 em of
S surface,
b. (i) For hues of 10YR or redder moist chromas
of 3 or less and values of 5 or more.

) 10\/&
(i1) For hues yellower than 28T moist chromas

of 4 or less and values of 5 or more,
Both (i) and (ii) occur within 50 cm of surface.

e. (i) 10K or more of streaks of Gleyic Horizon
colours within 50 cm of the surface.

(1i) 20% or more of streaks of Gleyic Horizon
colours within 150 cm of surface,

ngl drained. Well drained soils do not have the colours
listed above.

Exceptions to the colour criteria,
(i) Vertisols

(ii) Sands and loamy sands,

3. Fluvisols. 4An estimate of whether or not a soil is receiving fresh
aediment often determines whether the soil is classed as a fluvisol or not.
This estimate must often be made from site characteristics and not from
soil criteria, This is most unsatisfactory, but the following sites are
thought to receive fresh sediment and hence carry fluvisols. (=) present
day floodplains, (b) low terrace and levees which flood at some ‘time, '
(¢) concave slopes close to a stream line,

4. Gleyic Cambisols that is Cambisols with a gleyic horizon must by
definition be gleysols.

5. The Cambic Horizon, Many soils developed over ironpan or ‘
ironpan rubble im the Bauchi Area have been classed as Cambisols, although
(1) they lack the ﬁeatherable minerals diagnostic of a cambie horizon,
(ii) have a high proportion of concretions, For these soils the parent
material itself, the ironpan or ironpan rubble has few weatherable _
minerals and the concretions are fragmehts of ironpan énd due to previous
climatic conditions, Since there is little evidence of the formation of
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any other diagmostic horizons the B horizons are regarded as cambic.
Many of these soils would probably be regarded as Emtigols in the USBA
clagsification. There would seem to be the need for am equivalent
grouping in the F A O Key.

6. The argillic horizon is defined by FFA O (1970) as a B horizon
that contains illuvial layer lattice clays, that is clay that has been
moved downward into the horigon by water. This illuvial clay is
reflected by clay cutans on ped faces and in pores. However not all
cutans are due to clay illuviation, many are stress cutans due to in

situ reorganisation of clay due to alternate wetting and drying. As it
is often very difficult to distinguish illuvial and stress cutans in the
field, a B horizon which contains recognisable cutans and meets the other
requirements of the definition is considered argillic.

The other requirements of the definition are of thickness and texture.
If the s0il shows & discontinuity above the argillic horizon, then the
textural requirements are waived. Most soils in the area have a sandy
surface which is probably due to a surface wash or to termite action., It
could therefore be considered to be separated from the argillic horizon
by a discontinuity; textural criteria can therefore be virtually
disregarded in many of the soils.,

Te Percentage base saturation is an important factor in the
definitions of the World Soil Map Units (F A 0 1970). The Eutric sub-
group has percentage base saturation greater than 50, whilst the Dystrie
sub-group has percentage base saturation less than 50. Because the
cation exchange capacities of most of the soils of the Bauchi Area are -
very low, usually less than 10 and often less than 5, small differences
in the levels of exchangeable cations can make a big difference to the
percentage base saturation., Even small differences, within the limits
of accuracy of methods of determining exchangeable cations, may
appreciably affect percentage base saturation, Thus several soils

that are morphologically similar may'have widély differing percentage
base saturation. If the majority of profiles in a morphologically
defined series have more than 50% base saturation all the soils have been
clesses as Eutric: Thue within a series classed as Butric there may be
profiles with percentage base saturation less than 50.

8. Many (i.e. 20% F A O Handbook) mottles and concrefions are considered
diagnostic of the Ferric sub-group of Acrisols and Iuvisols. The

concept of concretions"being enriched" and having redder hues in the
interior thal em the margins implies active i.e. present day concentration
of iron, It has been found that with the exception of transported
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concretions which have no relation to the surrounding matrix, it is
extremely difficult to distinguish between active and inactive or -
inherited mottles or conoretions. Consequently the following
definition is suggested.

The Ferric Acrisols or Luvisols have

a) 20% or more Fe concentrations with hues redder than 7.5YR or
chromas > 5 or both. Concentrations that are transported are not

diagnostic.

(i) Fe concentrations include both mottles and concretions. An Fe
concentration is identified by a redder hue than the matrix or the
same hue as the matrix with equal or lower value and equal or greater
chroma,

b)  An exchange capacity (from N, C1) < 24 meq % clay in at least some

part of the B horizon.
Soil genesis.

In the description of éach of the soils notes are made on the genesis of
the soils. Certain Processes are common to more than one series and

they are discussed below in more detail.

Stone lines, Many of the .soils have a gravelly horizon or stone line
overlying Basement Complex rocks or ironpan. Their thickneass varies
from 8 cm to about 70 cm (3 - 30 in); there is no éonsistent correlation
between thickness and position on the slope. The stone lines are either
composed of rock fragments or concretionary material. The rocky =stone
lines are mainly fragments less fhan 10 cm (4 in) in diameter. The

rock fragments are a variety of rocks and usually weathered. The »
concretionary stone lines contain many sesquioxidie concretions, which
are usually well rounded, 1 - 2 em (¥ - 1 in) in diameter and with a
shiny patina. They have an abrupt boundary with the soil matrix and
there is no surrounding mottle or halo. Fragments of ironpan and
angular quartz stones are included in these stone lines, which overlie
ironpan or Basement Complex rocks. The gravel horizon rests with an
abrupt and clear boundary on the underlying material. This abrupt
bpundary amounts to an unconformity and can be more clearly seen in road
cuttings. ' '

It is thought that lateral movement of the eroded material is respongible
for the stone lines. Bruckmer (1955), Ruhe (1959) and Burke and
Purotoye (1970) envisaged the accumulation of coarse material onm a
developing pediment in an arid climate,
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Arid cliﬁatos‘alternating with more humid perieds have affected this
part of Nigeria. (Grove and Warren 1968 and Burke, Durotoye and
Whiteman 1971). Consequently lateral movement of coarse material could
have taken place during a recent arid period which would account for the
abrupt boundary between stome line and weathered rock, Erosion of
ironpan and the deposition further down slope would also explain the
occurrence of the concretionary horizon overlying weathered rock in the
soils with concretionary stone lines. If the stone lines are duve to
the lateral movement of coarse particles, the fine material occurring
above must post-date the stone lines. No conclusions as to the origins
of the fine layer can be drawn from the present studies but as it is
always less than 50 cm thick, faunal activity could heve brought it up
from below the stome line. Burke and Durotoye (1970) postulate that the
faunal activity takes place duriﬁg s humid period following the arid
conditions in which the stome line was formed.

Wind blown sands., Sandy deposits occur to the north of the Bauchi Area
and fixed dunes can be recognised. South of the dunes there is an area
where wind blown sand is an influence in the landscape and this includes
the northern parts of the Bauchi Area. Fine wind blown material has
been recorded on the Jos Plateau (Macleod Turner and Wright 1971) so
similar material was probably spread throughout the Bauchi Area. In the
more dissected areas no evidence of this remains. On the flatter plains
in the north the gand is spread unevenly, with localised accumulation,
particularly around some inselbergs. Thus some soils are sandy
throughout, whilst others have only a sandy surface horizon.

Mechanical analyses of the deeper sandy soils in the north of the area -
have a percentage of fine sand (50 - 200 / ) plus silt (2 - 50 /i) in
excess of 60 and up to 80, These are the size fractions commonly
found in wind blown material. Shallower soils occurring over ironpan
are also thought to be mainly windblown sand as the percentage of fine
sand and silt are again very high.

Further south, the sandy surface horizons of some soils also have a high
percentage of fine sand and silt, If this is wind blown sand, then a
discontinuity is to be expected in the profile, Field descriptions and
mechanical analyses of some profiles show a textural change. If this
textural change corresponds fo the discontinuity, it may be reflected by
a change in the fine sand/coarse sand ratioy or the fine sand plus silt/
coarse sand ratio, These ratios have been plotted against depth but
there is no obvious discontinuity.
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Miscropic examination of the sand fraction of these soils shows that most
of the fine sand greins are roumded or subrounded, with a frosted surface
appearance. These are characteristics often associated with wind blown
sands, However, soils derived from Basement Complex rocks, contain gimilar
rounded sand particles. Thus, the characteriastice of the soils do not
provide conclusive evidence that they are developed on wind blown sand,

but they do not show that they are not. As fixed dunes occur to the
north of the area it is probable that the sands are aeolian,

Terminology.

The terminology used in the description 6f the s0ils is based on the F A O
Guidelines for Soil Description though some additions have been made, The
profiles are presented on cards designed for computer storage of the
information. They are provi=ional working copies. A blank card and a
list of the abbreviations used are given at the end of this booklet,

" So0il analyses,

Profile pits for the excursion were dug in January 1973 and soil sanples
were analysed in the laboratory of the Soil Survey Section at the Institute
for Agricultural Research under supervision of Mr, E.R, Drzymalski.,

The following analytical methods were used:

1, Mechanical anelyeis. 50 g soil, 50 ml "Calgon" and 200 ml water,
stirred by high-speed mechanical stirrer for 5 minutes, tranasferred to
sedimentation Jar and made up to 1 litre with water. Ciay and éilt

( 20 /u) determined by Bouyoucos hydronete:, after 4 minutes,

Clay ( 2 /u) in the same way after 90 minutes. Fine (50 - 200 /u) and
coarse sand (200 - 2 000 /u) dry by sieving and weighing. The fraction
20 - 50 /u vwas calculated by differences.

2, pH. Determined on an EIL 23A PH meter in a 1:5 soil:watcr suspension.

e Orgamic Carbon., Standard Walkley Black method. Using 10 ml ¥
potassium dichromate and 20 ml coneretions néso After dilution, titrated
with ferrous ammonium sulphate using ortho~phenanthroline as an indiecator,
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4; Cation exchange capacity. 6 g soil shaken for 10 minutes with

25 m1 K ammonium acetate at pH 7. After centrifuging this is repeated
with another 25 ml and after centrifuging and washing made up to 200 ml
with water and heated. Annbnia distillate collected in borie abid.ant
titrated with HC1,

5, Exchangeable bases. 10 g soil shaken for 120 minutes with 200 ml. N
spmonium acetate at pH 7. Ca + Mg determined by EDTA method, Na and K
on the flame photometer,

No allowance is made for the possible presence of carbonates or other .salts,
s0 in fact extractable bases are determined, This explains why some

soils appear to have a base saturation of more than 100 per cent,
J
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PART IV, THE SOIL PROFILES.

The dominant soils from a nuhber of soil assoeiationa have been selected,
though not every soil in the association will be seen. General
information is given for each soil association followed by site data,
profile descriptions and analytical results for individual soil profiles.
Problems of genesis, drainage and classification of each soil are
suggested for discussion. The classification of each soil in terms

of the F A 0O World Soil Map Units has been given: space has been

léf£% for the appropriate French, Ghana and U S D A clagaifications

to be written in, after delegates have seen the soils in the field.




The Toro Association. Profiles 1, 2, 3.

Location

Altitude

Geology

Land form

Rock outcrops

Ironpan

Dominant soils

The Toro Association oceurs in the western part of the
Basement Complex region between 8% 55' B - 9° 03' E and
10° 00' ¥ - 10° 20* W,

880 m (2 900 ft).
Basement complex - predominantly granitic gneiss.,

The unit is a gently undulating plain with small mesas
on interfluve crests, broad planar to concave valley
aide slopes and well marked slightly incised valley
bottoms with flat floors. Relative relief is 15 m
(50 £t) end inselbergs stand up to some 100 m (300 £t)
above the level of the interfluves. The drainage
pattern is dendritic yith 2 medium texture.

There are a few small rock outcrops predominantly on

. the upper slopes, occurring as low whalebacks and

ingelbergs,
There are a few small and medium outcrops of ironpan
on the upper slopes often forming small mesas or small

scarps.

Kasuan Series -~ Ferric Luvisol - concrétionary'phase.
Ganyl Series ~ Ferric Luvisol.
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Profile 1.

SITE DATA.

Location, Two miles north of Jbs—B@cM road on traock to
Kasuan Ganyl, '

Position . | Mid to Upper slope..

Slope Convex slope 1°.

Parent material Unconsolidated material derived from ironpan and
granite gneiss,

Underlying rock Granite gneiss of the Basement Complex.
Drainage ‘ Imperfeot,

Vegetation Tree savanna,

FOR DISCUSSION,

1, Soil genesis, The presence of inherited concretions mainly
fragments of ironpan and quartz stones in the lower part of the
profile suggest that the soil is 'developed_on material that has
moved laterally. '

2, The aandy surface horizons may be due to termite aotivity or to
surface wash, or may represent en eluvial horizon.

Drainage 1, Horizon 5 has gleyic HQrizon colours within 150 om of the
surface and has common mottles, so the soil is considered to be
imperfectly drained (see Part III),

Classification, 1, Horizons 3, L and 5 have cutans and meet. the textural
requirements for an argi_llic'horizo_n; if fhere_ is a discontinuity
between the sandy surface and the lower part of the profile, it
should be noted that the textural criteria need not be oconsidered.
The percentage base saturation is greater than 50, so the soil is
classed as a Iuvisol, | o
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Profile 1, (Cont'd,,)!
!

SITE DATA,
Classification, 2, There are more than 20% of red concentrations
8o the soil is classed as Ferric, Transported

concentrations are not considered diagnostie for the
Ferric sub unit, '

FAO Ferric Iuvisol
French

Ghana

US DA,

- 28 |
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ANALYSES.

Profile 1

Horizon (depth in cm)

Characteristic
1 2 3 4 5 | 6
0-16 | 16-33 | 33-60 | 60-109 | 109-162 | 162-200
| pH 1:2,5 H,0 642 5.8 5¢6 5.8 6.1 640

Exch, Na meq % Nil Nil Nil Nil Nil Nil

Exch. K meq % 0.1 0.1 0.2 O 0.3 0.2

Exch, Mg meq % 0ok 0.5 1.0 1.5 1.3 1,0

Exch. Ca meq % 1.0 1.0 L5 | 3.0 | 29 2,2

| tEB. meq/100 & 1.5 | 1.6 | 2.7 | &9 la5 3ok

CEC. meq/100 g 2.5 2,5 | 5.0 | 7.0 5.8 Lo

Base saturation % 60 6 54 70 78  77

% ‘org. C 0.de86 ‘63 31 20 03 05 05

Mechanical analysis )

2 000 ju - 200 su 50 50 | 36 28 32 40
200 ju - 50 Ve 2, | 18 U .| 10 10 11
50 /u - 20 /u 10 10 18 138 20 13
20 ju - 2 ju 8 8 8 10 10 10

2 /u' 8 1 2 Bl 28 26

29




countrY | | [ ] prosect | | Jtano ont | [ O[] RN ProFILE | | [ T
1 2
GEOG COORDS E [ N , ,
HORIZON] »& | B2 |  PREDOMINANT COLOUR OTHER COLOURS T [goerse | STRUCTURE |3 |CONSISTENCE | ROOTS
x b
cls] rep PED PED PED s |¢ s Ic T clsleIs]T Somiwlwlcw T TT
Es ‘%T:#“ '"{w‘ff‘?“ sg:#& s‘(’f,':?-‘,‘ AB'k'{N)é ; CoLoug AB'/L:Np[é :", COLOUR E Aa./tmb, ?éﬁ gé E E s/u'm 531‘; ,:i.. E
ofojoofo o[o[sy]olo ] oo 0] CIECIERCAEATI © K[ Olo[o@BIeI)y 0 [o [°[o[oo]olo o |o
mgln b5y 1 |1 257/ | CPy[r |8 |Ref2sy| U In it (1 (S fei2sv]t |1 [eylclc] V-8 wv{wvwfcﬂ»ﬂfwobssmo-uu D
2012|212 Mwaflovg)z |2 o¥R(2 22|12 |5-5/diftovRi2 |2 (2 1Z |§5-18di [lowR|2 | 2 s [Silsi]  5-10 wlf lariw |4 v jcomp ] 50| f0 vf|st|p! ")‘1@3“’“‘)"
3{1f3)313 rlie |15 3@ 75Y, 3 313133 pisipri1531313 13 >I5|pr. 75 3|3 ledDIL | 10-15 (F]m (R (s [sab|frm| aa [sk [ £ (v [V W[ STl 510
411444* *'br_)5\‘l44 s’qﬁ 414l¢ 4 5¥e(4 |4 |4 (4 5%Ri4 4*6..;-55* 15-25 Is [ labls c b |l | v () fon I
5195]5/5 lzsv 5 5 55|55 SRS |55 (5 BSR 5|5 1Py (o8] 25~40 vs|veiprlwsiveipr] Kw vhhf
6| |¢6f6 10R |6 6 BR|6 clelcle 0R 616166 WR ik &My S 40-60 ol ot K fo
7| |Tl1|7 75 (7 (7 75R| 7 71777 5[ 717|717 18R\ 7|7 BalH Xt seo o ( -
8| [8|8|s 8|8 s $.518(8 85185 8|3
91 I9(9]9 ' b)nine [ne A1 nm IR (0 | nr (wrinr [ariac]9 {9 | he [nr| wr [wlnelnr[welar]l  nye LG RILELY LEALIL YA
olo|ofolo olo[sv]ofo 0 oo oo Jo|av]olo[BlOT0 OBV 0] Oolel"® [o[ootelol ololo o
i@ b |sml25 Y] ) | | i Pnpy (<8 B2y T fes (felasy]d sy (cle] 1=8  fwivf lor{w]ofcr, wil-10[< 8 JFib)
anzz wllovd)2 (2 2 2|22 FAPYRI2 (21212 §-154i |lowi2 | 2[5 (Siisi}  5-10 (@) (arlw t 19 4] 1o 310 wily
3)m{3(3[3 ol |53 |3 15val3 31313(3 Pisipr/1s®31313|3 IS |pr|15m(3 |3 el LCY 1015 (mGisbyn [ s ] yygtl > 10
{444l *'br*sru@ SR |4 414144 Y414 |4 SR\ (4 r FS|Ps 15-25 1S | labls |c lab )
5|9 5|55 SYR 518 5|5 5 55|55 55 |55 15 Q5YR|S |5 1Py (S K8 25-40 ¥S v | privs [ve | pr
6| |cle|e or&)e [10r |6 6 | we|¢ clelele o= |6 (BYe |6 R e 6 MyOS| 40-60 | | (] | |t
7] |77 587 |7 (15R 717175 7 707|711 sRIT(T|7|7 75R17|7|BdH KLl >0 p 1l
8| |8[sls 8| |8(s| | 518088 glg(8|s 319 [os
91 [2]9]9 Ll (0 WA TG | nr (o [nr [8e(nri9 9 | he e wr [rwlnetar (melwe ] e [nelneiar| wlae|ne LAY
oloioiolo 010[5Y 100 olclojolo |o|av|ofa@o|o [o|5Y]0[oNo o o oo |ofQlo Olo|oio
HIp i L1128y i1 PIVED (<5 R 25Y L1 (U |<sifeizsy|t [ 1)8y|cic| 1-s w v ler lva | v crGmg dedlo o | s | 5 wilBoTal <8 1770
2{p212(z 212 |OWR|2 (2 212|212 IOV 22 12¢ P[ORI2 |26 ISi[sc)  5-10 |w[f jar|w f&rcm' s 5o [vf(st]p! ﬁjw,l.‘;.uwd_y
m 3)3/3 3 (3 i3 13 313|215 |53 1313 |3 PISENTSRS | 5 feval L |L | [=rD) [Pe]melssBm | sabltm] sk £ |V |V [ied| 1t 310
4| 4(4)4 3} SR |4 |4 4414 5|4 144 |4 %’44*&"1’55 15-25 Is < [ab]s |c |ab er) vm [BY )
s(u]s|s|s¥ 5|5 |ms S 515 2 5158 25 @5 P,csc.s* 25-40 |v|vcpr|wslvelpr|  Hw [viyfu
6] |¢l6le 6l6|0RIC|6 ¢lele w&b@éé R (& (DM 554404,0 ool ol ]
7| T 7 T{775R|7(7 7171 5&(T|7|7(7 BR(7|7|BAHEY >e0 I f -
8| |8ls|s ] ] 5|9 31818 g(§(8 |8 5|8 ox
LA REIE 6on‘ur He (n e AR AF 9I[9nr larine [wr)ar|9 (@ | K |ar| wr |wwinenr (s  ap nefAr |ne (e e ac[arimy ne [ wr|nr
ololololo olo|sv|o ) ofo]3v [o[c[oj@ o [o] 37 [o[o|o@ 0 |6 |57 o]0 olo[ @ Jololoeleloofo s o
Hrp i ab @W)125Y| | FL12sY) 1L D0 <5 (fe2sv] 1 (0D <5 [fef2sY] 1 |1 [eylcle] T8 o deyflofto] s | s Wk Tig <5 TEDY
2002122 <l [wa ff0YD)2 2|20vR2)2(212 \JIOVR)2 (2|2 12 8-19ai |lowR|2 | 2 Ise |Silsi[  s-10 9¢ [comp R 0 v FSEIPY 5] o.1413.00 wiy
lajml3 3|3 @irn 3 335313 (3|3 pis|pri1swl3 |3[3 |3 15 Lkl 10-8 | R AT ] Y P
Aw|4(4]a ilelSYR|4 4+5Y:J44+4 5441414 Fs|Fst  15-25 b (faad | ym [ |fon
* ¥ | % * * % *
slv|s5|s|5 574 5 5|55 5|5]5{5 2 515|5 (s 25-40 pl v (B
6] |c|6]e IoR |6 elblbR|CIC[¢ )6 0R16 (61616 40-60 ol i f
71 Tt T(75R(7 (7|77 B5RIT|T|7|7 E >60 i1 bovet
8| |8|ss sis| (58]s(8 spss
9t 1999 [GHACD EAE ar(9 (9 | K ny W ArAr| e |nr ne[ B |ne |nr ,nrnrn?ﬂ‘ﬂ;;j{:t.@
olelololo o sy [ojo|sy [o|e{o® o o o OOOOOVOOOUUOOOC)Q’(;
Hill ! asv| 1 {1 (2590 11 |y [ |||@, @wvfuv-vvfu /b‘,lolossmoﬁ]ﬂﬁg}
2f@2)2|2 D ovei2 |2 0|2 |2 )2 2|22 [5-159) 5-10 %forw g eomp| 550 |vF (st 0 Iehy m.u)-w‘wdy,
3pm 3(3(3 3 3 (75vR|3 |3 [5YR3 (3 |3 (3 { 313(3 >I5|pr 10~15 $m Mmbh‘m@sk{- vV lind] yit 210
4| 4fa)a 4 415R\4 4|5 4|4 14 |4 4144 15-25 15 5 jab |1 | vm 1y (fon i
BYw/s|s|s} 5 s w5555 5515 5|5 540 [vs vc|prw velpe|  Xw [hi
6| [6[elo ¢ 6[0r|¢ ¢ ibxlciccle "y q0-60 | | ol | ol &R
7] [1l7lv 7 7|15%| 7|7 5% 717 |7|7 71717 >60 p f orf
I REEE ] 8| (83 |sI818]8 8|9 |
9l (9199 Af) Al [AnlAr] K | MR 9|9 A9 |9 | W L ty ;‘7nrr arl B [ (X v_tfﬂglnfm K ”‘Himj
ojojololo olo[sy|olo o|5v|0|0|3YO[ololo|o |0 olop)o 0 ) ooforofo[oeloo|olETo
il b lom{ 25| 1 | GR!0 s |0 |0 28] 0 |1 [Nt |5 g L <5 |fe. c 18 v vf [or (s ey 10 1o | 5 1 5w o-1g] <8 Téite
2(0j2)2iz Kl |walovg| 2 |2 (D2 200212 12|2|2 5 212 1@1‘ i 5-10 w/fgr@fy@jm 36 | H1SEL ] 10,001 800 sy
33|33 gr i 1503 |3 3 f1sva)3 |3 |5v63 |3 |3 (3 QIS 3|33 pI5E) Lk M'wbm"d*m"@*kf VIV ] ity st
4|4 )44 w»s%i,-t 4(5YR|4 |4 5|4 |4 14 4 4144 5YR|4 |4 6n|Fsifsl 15-25 I's | labjs @)y [Bet] v Jin | .
% % | % hﬂl * *x SJE _ r . X 4 %
¥ 5|s|4 sYq5 |5 s e 5|5 55|55 (B) 555 @GR |51p, (s8] 2540 s ivefpriw|vepr| Ko [WfRD
A ﬁoucclokse LTI ST 178 [AT4 @éé IR |e m@s 40-60 ol ol <hicfa
7|7 1387|7757 |7 |50 7|7 |8R|7 |7 | 7|7 7|717 78R|717 |BaH »60 I i =
8|8|8 8|8 8|8 LA $/818|8 g8 (8 8 |3 |04 ‘
slslofalald oy mr nelaelRr Y\FMM 99 |nrfar nrvur‘nr99 N |nr| nr ne e jar m"vﬂv‘_ ny LALED "'\,’f"r, LT T @nr u’%fffli‘:»ﬂi

30.




ROOTS VOIDS MINERAL GRAINS | STONES (inert or decaging) CUTANS OTHER CONCENTRATIONS
T STs [T N [SISITT RS [T s T
R I I R e e A
PINT|E, N ;E,*JEN Elr (e NTLELP|E v E_“__"':p-k POIEIN 1§05 P
olololo@ 0 ® %) S 1010 0010 0010 Do
< 25lind. (018 <25 1A |1-6 | 25 1] pm11-5 1% | Pk pom |uk Heim) vt 257 | | | [cloy [1-5 <2 | soft | | clap1-5 <2 Soft | rad Jelay| 1
280 16 50| . [510] 33t 5 fs0{ 25| % i 912 2 |2 (1,0 f-402-20im M oy | 5719020 o5 2
Fru 1950 |>.5{ Fom |10 T8 iy @2 1081 127 ey iz fy provs 75¥Q] 3 |3 |Me0 t:sza W 1) 010450 W frreqilt| >
Ni M.';'NS 2250 Ang | 1nd |15-253250 | ang md* 142 5YQ|4 |4 sm,f 25775 |v. N|ang |5i0, 1525 >75]v.hd| ang |Si0; 4
fol AR lgj fab 143 5R|5 |5 [con( %5l 1 [lb g b |Grb| 5
‘243 "&) A -l ke 24310R|6 |6 oy g | ot Gy Y5 ol 6
760 >éo wasl7s 7|75 peo| ! Sl P60 (LA
g8 8
Ar [Af AP nr |ar|ne| Ar (R |AY| Hr Infiar) ar (A7 | AF ﬂr‘lhf nr | nei{nre|nr [de [nr {nr | ne | nr [sriar Ar | kr {nvlare] ne [ |ne [Ar Jnr (nr (AF | AP nf (nr |nY 9
ololol © [olo]O |ojo|(B oo |ololo |o|o B8 ol010 0 0.0 O 3V 00 00 ol o
<) 3 1fib]< 5 |<lipl} <5 @p| <65 12l |pt |0-45|c 2ibud, oBY < 28 bnd. | -5 | 25 [l pm 18 1% TPmafpom k) thin] vifuey 25| 1 {1 felay }-5 (42 | soft | rma | clay]1-5 { <2 |5aft| rad |clay| )
I i) 5-10(C -10{I-2 @}5—10 1-2jtub#5" '_"75@6-5 25} Qa.|5-10| 337150t 2k |5-10| t.ml_':,,‘zpd‘mux 3 IW:JZ 2[%:9 5-1012-20im M5 d| B30 15-1012-200m b 9 (0360, 2
bi0*Do| flo-2 trzo -5 lho-2015 5 Fin 950 | > 15| Fim |i0-16| 725 |ima &2 o161 127 g gz In, prnei75YRI 3 |3 | Me0: J045(20 WA [mrep{shooyio-¥ -2 A Breg|Nao,|3
20-50(<5| Ro-50{Y5| |20-5075 Mi M 1525|3250 Ang ind §5-261y 260 1amg | ind 142 (SYQ|4 |4 5% 725775 |v. W |ang (5i05 45-25 713%4 oy 810, 4
sowd | ¥ f) @1”«, B P wo| X 143 I5%2|5 |5 cm*ﬁ L mb g fab |Grb|S
209- iy ‘a, 5] joms| o5 e 30016 (6 fove M5l | [0 @ % lesle,
| 0o 760 Pés wu3|isR| T\ 75 P %an P60 e
1 »2000 g |5 !
LI ALY wr [nrinr] nreine fne | ar{ny jur ] welne | ne (e [ne [ ne [ae|ar (W nr 80 | we farier nrJnr ne e (arine bae | e ne faf (A7
% o ogjo 0|00 |0 [) (o) o VIO OO0 KGR
10-10]< 3 <5 <l |pt |0-5|< 25|ina. -18) <25 rnd 1 <2 | soft || clay{1-5 142 | soft | rad |clay
Ifio(3-1 -10 1.2k B B QY- 22|77 -102-0im b 51020 e |50,
bio* >0 10-20 |15 |Y50{y.5|Fm|¥50 [>.5 3 : me 112 (M 10-15.20-28 hd req|Md,
20-50 7§ Mi 4 25776 |v. My 5i04 1525 >75v. hdt| ang 1510,
! 50-200 | T Fel 55 Cq,b*gio hab arb 2%, fab |ah
00 iy A T e Y% ol
® o0 7|7 o0 sé:iv >60 ;:‘n
»2000 818 ;
}l"- nr wr (nrlnr| ar o nr | ar e nrine] ne |0 (nr Minr (ALELAL AL
O S
Eo 5 [ojolo|o|olo o oooooooo?oooﬁ
0-101< 3 <5 (D)1 |0-15]< 25]lind. Q-15) < 25 Fil gbcz trd | clayl1-5 | €2 [Soft] red [clay
1048[3-10 5~10 1-24ONS- Y-z |55 ZP 2915 U«;S.M “102-20m. | 1 [R30,
b0 Y10 10-20115 [250[7-5 | Fn Y50 575 3 (3 [meloly M@uw,n-lf)zo. hd Jereg|Net,
20-50 7§ Ni 4|45 Ozb-ls 775!v.b)‘;an5 §i03 17-25‘ ¥75|v.hd|ang [Si0;
* G ALY 25 5 |eonifi| Jab fach Wi hab |Gk
ool | fdol | [k s B e did bz I
2 2000 2000 Salt C Tl
> 2000 52000 »2000 88 \
AL |ur e ] nr |orlne] g (nejar| e [orlar| neoe e | arjer fae fae neinr e [he e nr [
010 o lolelojoio olo|o(@lC olo
~(0]< 3 <5 (Ppi|o-s|< 15ilnd. pals % |
|o4-‘3-mw, 5-10 (1260 D ED LAY s ER 2
b0 o] io- w0-20[15| |50 | Fm 75 imajae o5 125 3¢
20-50 75 Ni 250 Ang | ind 1525550 4
-200) * Fel b 3“,
2053;9 %" - 7?; :
2000
$2000, 8
AL [Ar | Wr [rjer] nr [ A7 | A Ar|Ar e (R | Ae weiw] or {nr ine |'L"" e | ar | A nf ar Re
@og CO |0|0)Jo (0|0 olo 0|0 [0 T N~ AL AN BReANT]
0-10i<3 |fib <5 <] |pt [0-45]< 25(fnd. Y rma P 20, 0.1 {etoy [1-5 [« 2 | soft | mal clayl 1-5 142 | soft | rad |clay
1048319 ~ 10|12 AT 75715 oul| ok 1510 B 212100, 5-10l2-201m halk v 9y | 5 1002- 200w, hd| md 850,
b10*|>10 : 10-20-5 [50¢Z:5) Fm I lima (@) 105] 1, 313 [M0:J015\2038 1A [ty M. 1015202 hd Jereg Moty
20-50(75 Mi y nd 1525|5250 4 |4 [5i0; 1525 775 |v. W |any 15i0, 1525 >75] v.hd| ang (10,
so2od | T i | B sislent) | (wb iy fub |arh
oz, o | 05 6le Gwl““;, ‘ v (G % " ley
53500 pée T|7npel || [Epe s
>2000 8|8 |
A (apar] or el nre [Arjar| wr nrinr] ar | ar | e Ar [ nr (#e far [ ar nriwe| nr | AF 0P [m- AP lne |Ar | ar(ae |ar (ar

31




SITE DATA.

Iocation

Position
Slope

Parent material

Underlying rock
Drainage
Vegetation

FOR DISCUSSION.

Soll genesis,

Drainage

Classif'ication

FAO
Prench
Ghana

USDA

Profile 2,

2% miles north of Jos - Bauchi road on track to
Kasuan Ganyi,

lower slope
o

1

Unconsolideted material derived from ironpan and
granite gneiss,

Granite gneiss of the Basement Complex,
Poorly drained,

Tree savanna,

The presence of inherited concretions, mainly fragments
of ironpan and quartz stones at the base of the
profile suggests that the soil is developed on
material. that has moved laterally,

A Colour of 10YR 5/2 occurs within 50 om of -the surface
80 the soil is regarded as poorly drained,

1. Horizons\ﬁ and 4 have cutans and can be considered

_as an argillic'horizon. The percentage base saturation
-1s greater than 50 so the soil is classed as a Luvisol,

2, As a colour af 10YR occurs within 50 em of the

surface the soil is a Gleyic Iuvisol,

Gleyic Iuvisol
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ANALYSES

Profile 2,

Horigzon (depth in om)

Characteristic
1 2 3 L 5 5
0-18 | 18<43 | 43-70 70—9_8 98-147 17-190
pH 1°2,5 H20 5S¢4 542 5,6 | 5.8 5.8 6.0
Exch, Na meq % Nil T T T 0.1 0.1
Exch, K meq % 0.1 0.2 O 0.3 0e3 0.2
Exch, Mg meq % 0.6 1,2 2,0 2.0 2,6 2,2
Exch, Ca meq % 1.2 2.9 ll-o? 4,2 503 4.5
TEB, IBGQ/J.OO 8 1.9 - b3 7.1 605 8.3 7.0
CEC meq/100 g 3.6 7.3 | 10.8 | 9.9 10,6 10,0
Base saturation % - 53 59 66 66 78 70
% org. C 0.dess .63 48 23 12 13 05
Medhanical analysis
2 000 /u - 200 /u 40 28 22 2 19 24
200 / - 50 /u 22 12 9 9 11 11
50 Ve 20 /8 16 18 19 - 21 18 15
20 /u - 2 /u‘ 10 8 8 10 12 12
2 /u : 12 2 42 36 40 28
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Profile 3,
SITE DATA,
Location, 2+ miles north of Jos - Bauchi road on track to
Kasuan Ganyi, ' '
Position Terrace,
o
Slope Planar 1

Parent material Terrace material

Underlying rock Granite gneiss of the Basement Complex.

Drainage Well drained.

Vegetation Shreb savanna

FOR DISCUSSION.

Soil genesis.

" Classification.

The soil is developed on an old terrace, This
material was probably laid down on the existing
Basement Complex soils: remnants of these are in
evidence in Horigon 6.

1. Weakly developed cutans occur in Horizon 2 and 3

and the percentage base saturation in the B horizon
is mainly less than 30. The soil can thus be
classed as an Acrisol. C E C % clay in the lower
part of the pfofile is close to or less than 24 meq,

. 80 the s80il can be considered as a Ferric Aorisol,

2. To maintain the similarities with Luvisols &
Chromic Acrisol sub-unit may be necessary,

Fao Perric Acrisol
French

Ghana

‘USD4

—_— — —




ANALYSES

Profile

3

Horizon (depth in om)

Characteristic -
1 2 3 L | 5 6 7
0-9 |9-30 [30-72|72-102]|102-135|135-173|173-232
pH 1: 2.5 H20 5.8 502 502 503 5¢)+ 505 508
Exch, Na meq % Nil | Nil | mNil | Nil ‘Nil T T
Exch. K meq % 0.1 | oy o [ 0.5 | 0w | 0w | 0.k
Exoch Mg meq % 0.6 | 0.9 | L,2 | 1.4 1,2 1,2 1.5
Exoh., Ca meq % 0.6 | 043 | Ooly | 045 0.6 1.3 263
TEB, meq/100 g 1,3 | 1.6 | 2.0 | 244 2,2 249 4,2
CEC meq/lOO g 2,3 6-5 8.9 8-9 749 706 606
Base saturation % - 57 25 22 27. 28 38 6l
% org. C o.d.s. 48 26 '11, 12 09 06 05
Mechanical analysis
2 000 /u - 200 /u 50 33 26 22 2 26 40
200 e 50 /8 21 1k 8 10 12 12 10
50 /u - 20 /u 13 11, {14 | 20 16 16 10
20 /u - 2 /u 6 8 8 8 8 10 8
2 /o 10 34 | Wy | 4O 40 36 32

37
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The Geji Association. Profiles 4 & 5.

Location

Altitude

Geology

Land form

Rock outcrops

Ironpan

Dominant soils

The Geji Association occurs in_the central part of the
Basement Complex region between 9° 25' E - 10° 00' E
and 10° 10* N - 10° 25" W.

730 - 670 m (2 400 - 2 200 ft).
Basement Complex ~ predominantly granitic gmeiss.

The unit is a gently undulating plain with moderately
broad conwekx interfluves and concave lower valley side
slopes, Second and third order valley bottoms with
flat floors are slightly inciséd. Relative relief is
about 20 m (70 ft) and inselbergs stand up to 75 m
(250 ft) above the level of the plain., The drainage
pattern is dendritic with a medium texture.

There are common, medium and large outcrops, occurring
on the mid and upper slopes as rocky whalebacks and
inselbergs.

‘Tronpan occurs on the upper slopes with common medium

outcrops mainly in sheet form.

Baram Series - Gleyic Luvisol
Gubi Series - Butric Cambisol - stony phase.

- 40,




SITE DATA.
Location

Position
Slope

Parent material

Underlying rock
Drainsage
Vegetation

FOR DISCUSSION

Soil genesis-

Drainage

Classificstion

Profile 4,

Bauchi - Maiduguri road. 200 yards east of culvert
94/1.

Upper alope.
' o
Convex slope 1

Uncongolidated mixed gravel derived from granite

gneiss,
Granite gneiss of the Basement Complex.
Imperfectly drained.

Shrub savanna

The soil is developed in gravel derived from
Basement Complex rocks, The clear boundary between
the gravel and the underlying rock suggests lateral
movement of the gravel,

Colours of 2.5Y 5/3 and mottles within 50 cm of
the surface make this an imperfectly drained soil
(see Part I1¥). Horizon 3 is gravelly and probably

very permeable but may be waterlogged for some time
due to laterally moving water.

l.  As discontinuity in this profile occurs at 69 cm
the material below it is considered in the
classification of the soil (see Part III),

FAO Eutric Cambisol - stony phase,

French

Ghana

USDA.




ANALYSES

Profile 4

Horizon (depth in cm)

Charecteristic
1 ) 3 I
0-17 17-42 42-69 69-116
pH 1: 2.5 Hzo 6-21- 509 5-9 605
Exoh, Na meq % 0.1 0.1 0.1 0.6
Exoh. K meq % 0.1 0.1 0.2 0.3
Exch. Mg meq % 0.5 0.7 0.7 1.4
Exoh, Ca meq % 3.2 2.7 L.7 10.9
TEB, meq/100 g 3.9 3.6 5.7 13,2
CEC meq/100 g L7 Lok 6.5 13,4
Base saturgtion % 83 82 88 99
% org. C oed.s, 60 23 18 08
Meochanical analysis °
200 /u - 50 /u 20 18 6 13
50 /u - 20 /M 12 21 8 10
20 /u - 2 /u I L4 4 6
' 2 N 10 1 22
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SITE DATA.

Location
Position

Slope

Parent material
Underlying rock
Drainsge
Vegetation

FOR DISCUSSION

Soil genesis.

Clagsificetion

Profile 5.

.

Bauchi - Maiduguri Road. Culvert94/1,

Valley head.

Concave slope 1°

Unconsolidated surface material.
Granite gneiss of the Basement Complex.
Poorly drained,

Shmeb Havanna.

1., The soil is probably developed in material
waéhed down from the surrounding slopes, This is
suggested by the presence of quartz stones
throughout the profile and by the fact that the soils
on the nearby slopes show strong evidence of lateral

movement,

2. The carbonates may be derived from calc-alksline
felspars in the rock,

1., Horizon 3 with a moist colour of 10YR 5/2 is a
gleyic horizon (see Part III).

2e Cutans occur in Horizon 4 but the soil is not a
Luvisol for there is a gleyic horizon within 50 cm
and the cutans occur at more than 50 cm of the
surface,

FPAO Eutric Gleysol

French

Ghana

USDA
" 45




_ ANALYSES.

Profile 5.

Horizon (depth in cm)

Charactadistic
1 2 3 4
0= 13 13 - 3838~ 95.| 95 - 140
PH 1:5 HZO 6.7 7.8 9.1 9.0
Bxch. Na meq % .10 .65 .70 .65
Exch. K meq % .06 .14 15 .15
Exch, Mg meq %
Exch., Ca meq % 1.68 5,56 5.52 6.88
TEB, M meq/100 g 1.8 6.4 6.4 7.7
CEC  meq/100 g 3.4 9.6 12 13
Base saturation % 53 67 53 59
% org. C o.d.s. .40 25 .14 .05
Mechanical analysis
2000 /* - 200 /® 41 33 30 28
200 /* - s0/® 21 12 9 10
50 /* - 20/ 20 15 17 16
0/ - 2/ 10 8 12 10
2 /* 8 32 32 26
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MINERAL GRAINS | STONES (inert or decaying) CUTANS, OTHER CONCENTRATIONS
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The Kula Association. Profiles 6, 7, 8.

Location The Kula Association occurs in the central part of
the Basement Complex region, between 9o 42' E ~
10° 15' E and 10° 15' N - 10° 45' ¥.

Altitude 580 m ( 1 900 ft) dropping northwards to 550 m

(1 800 ft),
Geology Basement Complex - predominantly granitic gneiss.
Land form The unit forms a gently undulating plain with broad

convex interfluves and concave valleys. Second
and third order valley bottoms with flat floors

are slightly incised. Relative relief is about

15 m (50 ft) and the inselbergs stand up to 60 m
(300 ft) above the level of the plain, The
drainage pattern is dendritic with a medium texture.

Rock outcrops There are a few small and medium rock outerops
mainly on the interfluves occurring as whalebacks
and inselbergs,

Ironpan There are many large ironpan outcrops occurring ém
the interfluves particularly around the inselbergs.
The ironpan occurs as extensive sheets and may
underlie upper and mid slopes even where it does

not outecrop.

Dominant asoils Bol Series ~ BEutric Cambisol - concretionary phase
Dull Series = Chromic Cambisol - concretionary phase
Madaki Series - Eutric Cambisol
Zol Series - Chromic Cambisol

retroferric phase.

petroferric phase,




SITE DATA.

Location

Position

Slope

Parent material

Underlying rock

Drainage

Vegetation

FOR DISCUSSION.

Soil genesis

Classification

FAO

French

Ghana

USDA

Profile 6,

Bauchi - Ningi Poad. Culvert 7/5.
Crest of interfluve.

Convex slope 1°

Ironpan rubble

Granite gneiss of the Basement Complex.
Well drained.

Tree savanna,

1. The soil is developed in gravel composed of
fragments of ironpan. The presence of micas and
felspars indicate that some gneissic material is present.
It is probeble that the rubble is derived from the
erosion of a massive ironpan, The sharp discontinuity
between the rubble and the underlying rock suggests

that the rubble has been moved laterally.

1. Little profile development can be distinguished
within the ironpan rubble, so it is considered to be
a cambic horizon,

Chromic Cambisol - concretionary phase.
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:ANALYSES

Profile 6

Horizon (depth in cm)
Characteristic
i 2 3
0-18 | 18-50 | 50-74
B 1:2,5 H,0 6,2 5.7 5.8
Exch, Na meq % Nil T T
Exoh, K neq % 0.1 0.2 0.2
Exch, Mg meq % 0.8 1.5 0.9
Exch, Ca meq % 4.1 Lol 3.2
TEB, meq/100 g 5.0 5.8 ko3
CEC meq/100 g 5.9 8.0 5.6
Base saturation % 85 73 77
% org. C o.d,s. 96 36 33
Mechanical analysis
200 /u - 50 /u 23 11
50 /u - 20 /u 1 7 10
20 /u - 2 /u 8 8 6
2 /u 10 24 20
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SITE DATA.

Location

Position

Slope

Parent material

Underlying rock

Drainage

Vegetation

FOR DISCUSSION.

Soil genesis

Classification

Profile 7.

Bauchi - Ningi road, Mile Post 8.

Mid slope

Convex slope i?.

Ironpan

Granite gneiss of the Basement Complex.
Well drained.

Shrub savanna.

1. The soil is developed on secondary recemented

ironpan.

1. There are no weatherable minerals in this soil,
but weatherable minerals are diagnostic for a Cambic
horizon, However a Cambic horizon could develop in
a parent material with few weatherable minerals, as
in this profile, and the soil is regarded as a
Cambisol.

2. The percentage base saturation of this profile is

less than 50 above the ironpan and it is classed as

~ Dystric. However, most morphologically gimilar

soils in this area have a percentage base saturation
greater than 50 and the series is congidered to be
Butric (See Part III).

3, No limits are given for the depth at which
ironpan occurs in the definition of the petroferric
phese. The concretionary rhase is defined as having
concretions within 1 m and a similar depth has been
adopted for the petroferric phase.
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SITE DATA.

Clagsification

USDA

Profile 7. (Cont'd,.)

4. Apart from the colour there is little
difference between Butric and Chromic Cambisols
vetroferric phase. The gignificance of this
distinction i$ doubtful,

Dystric Cambisol - petroferric phase.
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Profile 7

ANALYSES
Horizon (depth in cm)

Characteristic

1 2
0-23 23-37

pH 1:2,5 H.0 6.2 5.5
Exch. Na meq % Nil Nil
‘Exch, K meq % 0.1 0.1
Exch, Mg meq % 0.5 Ok
Exch. Ca meq % 2,0 1.1
TEB. meq/100 g 2.6 1.6
CEC meq/100 g 3.2 3.3
Base saturation % 81 48
% org, C 0.d.s. 65 31

Maohaniocal analysis
2 000 /u - 200 /u 50 54
200 /’u - 50 /u 18 14
50 pu - 20 18 12
20 /u - 2 /u 6 8
) /u 8 12
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Profile 8.

SITE DATA

Location Bauchi - Ningi road. Culvert 8/5,
Position Lover slope

Slope Coneave slopg >}9

Parent material Alluvium, -

Underlying rock Grenite gneiss of the Basement Complex,
Drainage Imperfectly drained,

Vegetation Tree savanna,

FOR DISCUSSION,

Soil genesis The soil is developed on alluvium,

Drainage Although colours of 10YR 5/2 occur in this profile,
the soil is not considered as poorly drained for they
occur below 50 cm (See Part III),

Classification 1. Fluvisols are developed from alluvial deposits,
Some fluvisols are defined simply as receiving fresh
sediments which is often difficult to determine; it
must be inferred from the site, and not from soil
characteristice., This is very unsatisfactory, but
on this basis the soil is considered to be receiving
fresh sediment and therefore to be a fluvisol as it
occurs on a conoave slope close to o stream line,
(See Part III).

FAO Dystric Fluvisol
French

Ghana

USDA
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Profile 8

ANALYSES
Horizon (depth in om)
Characteristio
1 2 | 3 b 5 6
0-35 | 35-51 | 51-96 | 96=120 | 120-132 | 132-190

pH. 1. 2.5 Hzo ‘ 5-8 . 5_0'4— 601 601 - 601 5.9
Exch, Na meq % 0.1 0.2 | 0.5 0.8 0.4 0.1
Exch., X meq % 1 0.1 0.1 0.1 0.1 0.1 T
Exoh, Mg meq % : 1.1 0.9 0.6 0.6 0.2 0.1
Exch, Ca meq % 6ol 5.5 3,2 3ok 1.5 0.6
TEB, meq/100 g 7.7 6.7 Lok 49 2.2 0.8
CEC meq/100 g 10.7 11,0 7.9 10,7 3.8 1.7
Base saturation % 72 61 56 L6 58 47
% org. C 0.d.s. 76 42 Al 31 30 16
Mechanical analysis
2 000 Yl 200 Y 20 | 7 10 10 36 47

200 Vol 50 s 22 17 20 20 30 31

50 ke 20 /M 24 | 30 28 22 1 12

20 p- 2 12 | L 16 16 8 L

2 s 22 32 26 32 12 6
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The Batu Association.

Location

Altitude

Geology

Land form

Rock outcrops

Ironpan

Dominant soils.

Profiles 9, 10, 11, 12,

The Batu Association oceurs in the north and central
parts of the Basement Complex region between
9° 10" E - 10° 20* E and 10° 25' N - 11° 00' N.

550 - 490 m {1 800 - 1 600.ft).
Bagement Complex — predominantly granitic gneiss.

The unit forms a gently undulating plain with
narrow interfluve crests and broad planar to

concave valley side slopes., Second and third order
streams are often incised with flat valley floors.
Relative relief is usually about 15 m (50 f£t)

and the inselbergs stand up to 120 m (400 f£t) above
the surfdce of the plain. The drainage pattern

is dendritic and the texture is coarse,

There are few small and medium rock outcrops mainly

occurring on interfluves,

There are few small ironpan outcrops mainly around the
inselbergs though some outecrop on lower slopes. The

ironpan forms sheets and occasionally small scarps.
Baram Series - Gleylc Luvisol

Ringim Series -  Orthic Solonetz
Rowta Series - Solodic Planosol.
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SITE DATA.

Location

Position

Slope

Parent material

Underlying rock

Drainage

Vegetation

FOR DISCUSSION,

Soil genesis

Drainsge

Classification

FAO

French

Ghana

USDA

Profile 9.

Bauchi -'Ningi road. 400 yards north of Mile Post 15,
Upper slope

Convex slope 1°_

Granite gneiss

Granite gneiss of the Basement Complex,

Imperfectly drained,

Tree savanna

The soil is probably developed almost in situ, but the
rresence of some fragments of ironpan in the upper

part of the profile points to some lateral movement.

The soil is considered as imperfectly drained because
of the presence of colours of 2,5Y 5/2 within 150 cm
of the surface.

The classification depends on whether Horizon 5 is
considered to be an argillic horizon or part of the

C horizon, Cﬁtans are found in Horizon 5, s0 it

could be argillic. Cutans are also found in Horizon 6
but the structure is predominantly that of the rock so
it is considered to be a C horizon.

Eutric Cambisol (Orthic Luvisol if Horizor % is
considered to form an argillic horizon).
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- ANALYSES

Profile 9

Horizon (depth in cm)

Characteristio .
1 2 3 L .5 6
0-13 13-2 28-50 50-79 79-102 102-150
B 1:2.5 H)0 6.5 e | 6.2 | 64 - -
Exch, Na meq % T T T 0.1 0.3 0.5
Exch, K meq % 0.3 0.1 0,2 0.3 0.3 0.2
Exch, Mg meq % 1.1 1.1 1.2 1.4 1,6 1,2
Exoh, Ca meg % 7.2 6.0 5.8 7.2 12,5 11,9
TEB., meq/100 g 8.6 7.2 | 7.2 | 9.0 1.7 15.8
CEC meq/100 g 9 | 7.9 8.0 10,1 16.6 19,7
Base saturation % 91 91 90 89 89 70
% org, C o0.d.s, 9 63 L7 23 - -
Mechanical analysis ¢
200 /u - 50 /u 25 25 20 9
50 Yl 20 p 1L 13 13 9
20 /u - 2 /u - 8 6 L4
2 /u 12 16 22 28
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SITE DATA.
Location
Pogition
Siope

Parent material

Underlying rock
. Drainage
Vegetation

FOR DISCUSSION.

~ Soil genesis

Drainage

Classification

Profile 10.

Bauchi - Nihgi road. 450 yards north of Mile Post 15.
Crest of interfluve

°
Convex slope 1

Unconsolidafed surface material, mainly ironpan
rubble.

Granite gneiss of the Basement Complex.
Imperfectly drained.

Tree savanna,

1, The soil is developed on gravel composed of
fragments of ironpan. The presence of micas

indicates that some gneissic material is present.
The abrupt discontinuity between Horizon 3 and 4

suggests that the gravel has moved laterally.

2. The sandy surface horizon may be partly wind

blown material.

Colours of 10YR 6 /2 together with mottles within
150 em of the surface so the soil is considered to

be imperfectly drained. (See Part III). There is
considerable difficulty in distinguishing present day
and inherited mottling in this profile. It is also
possible that the gleyed colours are inherited.

1, Cutans are present in Horizon 4 and it can be

~considered an argillic horizon. The discontinuity

between Horizons 3 and 4 is at less than 1 m so the
g0il is a Luvisol (See Part III).

2. There are more than 20% of iron concentratiens

. in the lower part of the profile so the soil is a

. Perric Luvisol,




FAO

French

Ghana

USDA

Profile 10 (Cont'd..)

Ferric Luvisol ~ concretionary phase

69,




Profile 10

ANALYSES

Horizon (depth in om)

Characteristic
) 1 2 3 L 5
0-18 | 18-60 60-86 | 86-100 | 100-150
pH l:2.5 Hzo 606 506 6.3 600 5.8
Exch., Na meq % 0.1 0.1 0.1 | 0,2 0.5
Exoh. K meq % 0.2 0.3 0.2 0.3 0.3
Exch, Mg meq % 0.9 0.9 0.5 1,3 2.2
Exch. Ca meq % 5.6 5.5 3.5 8.1 14,3
TEB. meq/100 g 6,8 | 6.8 L3 949 17.3
CEC meq/100 g 6.6 | 9.1 | 5.1 | 12.2 20.5
Base saturation % 100 75 8i 81 81
% org., C 0.,d.s. 94 37 33 10 07
Mechanical analysis
2 000 /u - 200 Ve 37 26 58 32 226
200 /ll - 50 /u 2L 13 9 10 10
50 u - 20 u 19 | 13 7 8 12
12 40 20 L2 40

2/11
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SITE DATA

Iocation

Position

Slope

Parent material

Underlying rock

Drainage

Vegetation

FOR DISCUSSION

Soil genesis

Drainage

Clagsification

Profile 11,

Bauchi - Ningi road. Culvert 15/3
Valley head

Concave sloye 1°

Granite gneiss,

Grenite gneiss of the Basement Complex.
Poor

Open woodland.

1. The soil is probably developed almost in situ
from the underlying granite gneiss.

2, The carbonates may be derived from calec-alkaline

felspars in the rock.

3, The sandy surface horizon may be partly wind

blovn material,

Horizon 3 is probably waterlogged at times due to
impeded drainage above the compact lower horizoms.

This is reflected by the pale colours,

1, There are cutans within 50 em of the surface, and
although these may be pressure faces they must be
considered diagnostic of an argillic horizon, and the

soil classed as & Luvisol,

2. Colours of 2.5Y 5/2 within 50 em ot the surface
indicate the presence of a gleyic horizon, so the
soil ;a a Gleyic Luvisol.

3, The exchangeable sodium percentage in this profile
ig less than 6 but some rather similar soils in the
area have an ESP greater than 15 and are classed as
Gleyic Solomnetz, In others the albic horizon is weoll
developed and they might be considered as Planosols.

T3.




Profile 11, (Cont'd..)

FAO Gleyic Luvisol
French
Ghana

USDaA

14




Profile 11

ANALYSES
Horizon (depth in om)
Characteristic
1 2 3 4 5 6 7
0-13|13-24|24~38]38-71]71-105{105-142 | 142-185
pH 1:2,5 H20 6.0] 6,2 | 6.5 | 8.4 | 8.9 8.8 8.8
Exch, Na meq % 0.3| 0.y | 1,0 | 1,7 | 1.7 2.1 2.1
Exch, K meq % 0,1] 0,1 | 0.2 | 0.3 | 043 0.3 0.3
Exch, Mg meq % 1.,2] 0.6 | 1.3 | 2.4 | 2.0 2.3 2.1
Exch, Ca meq % 6ol Lok | 8.6 [15.7 [16.5 17.9 17.9
TEB. meq/100 g 8,01 5.5 {11.1 |20,1 20,5 22,6 22,4
CEC meq/100 g 9.8 7.7 |13.4 }20.1 |21,2 22,3 22,6
Base saturation % 82 | 71 83 1100 97 100 99
Exchangeable Sodium
| percentage 1.1} 2.4 | 3.5 | 3.5 | Lol Lok Hel
% org. C o0.d.s. 38 | 38 27 20 12 09 06
Mechanical analysis
2 000 Vake 200 Ve 28 | 31 | 23 18 18 16 18
200 ju - 50 18 116 |12 |10 8 9 10
50 /u - 20 Ve 28 | 31 23 20 26 23 2k
20 /u - 2 /u 8 4 10 12 10 12 8
2 18 |18 |32 |u | 38 10 40
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SITE DATA.

Location

Pogition

Slope

Parent material

Underlying rock

Drainage

Vegetation

FOR DISCUSSION

Soil genesis,

Clasgification

FaoO

French

Ghans

USDA

Profile 12,

Bauchi - Ningi road. Culvert 16/1.
Lower slope

Concave slope 1°
Alluvium

Granite gneiss of the Basement domplex.

Poor.

Oren woodland,

The soil is developed on alluvium., The nearby gulley

shows stratification and some horizons may be

correlated with those in the profile,

Similar problems arise at this site as with Profile 8.
The soil is classified as a Fluvisol because it occurs
on a concave slope close to a stream line, and is
therefore thought to be receiving fresh sediment.

(see Part III).

Butric Fluvisol




Profile 12

ANALYSES

Horizon (depth in om)

Characteristioc
1 2 3 b 5
0-15 | 15-43 L43-65 | 65-89 | 89-120
pH 1:2,5 H,0 6.1 | 6.6 745 8.5 8.9

Exch. Na meq %

0.5 1.2 1.6 1.4 4.2

Exch, K meq %

0.2 | 0.2 0.3 0.2 0ok

Exch, Mg meq %

1.8 | 1.2 1.4 0.8 2.2

Exoh, Ca meq %

10.5 8.2 8.3 5.2 13,3

| TEB, meq/100 g

13,0 | 10.8 11,6 7.6 20,1

CEC meq/100 g

16.4 | k.5 12,3 8.0 16,2

Base saturation % 79 T4 94 - 95 100
% org. C 0.d.s,. 1,52| 60 35 20° 10
Mechanicel analysis
2 000 /u - 200 /u 18 17 19 36 29
200 /u - 50 /u 16 12 .18 20 12
50 /ﬁ - 20 22 | 29 27 | 22 19
20 /u - 2 /u 12 18 16 -8 8
2 | 2 20 | 22

2/11

79
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The Biri Association,. Profiles 13, 1l4.

Location

Altitude

Geology

Land form

Rock outcrops

Ironpan

Dominant soil

n
The Biri Association occurs in the northej part of the

Basement Complex reglon between 9° 45' E ~ 9° 55' E
and 10° 45' X - ll 00t N.

520 - 490 m (1 700 - 1 600 ft)

Basement Complex - predominantly granite gneiss.

The unit is a gently undulating plain with broad
slightly convex to planar interfluves and shallow

but well marked narrow concave valleys. The relative
relief is 15 m (50 ft) and inselbergs stand at 90 m
(300 ft) above the level of the plain. The drainage

pattern is dendritic with a very coarse texture.

There are few small and medium rock outcrops occurring
mainly on the interfluves as whalebacks and small
inselbergs.

Ironpan occurs on the interfluves as extensive sheets.

Miya Series - Eutric Cambisol -~ concretionary phase.
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SITE DATA

Loceation

Position

Slope

Parent material

Underlying rock

Drainage

Vegetation

FOR DISCUSSION

Soil genesis

Classification

Profile 13,

Bauchi-Ningi road. Village of Miya.
Upper slope close to inselberg.

Convex slope 10.

Wind blown méterial

Granite gneiss of the Basement Complex
Well drained,

Cultivated,

1. The soil is developed on material that is though

to be largely of aeolian origin.

2. The coarse quartz and felspar fragments have
probably been incorporated by surface wash of material

derived from the nearby inselberg.

3, The mottling in the lower part of the profile is
probably due to lateral movement of run off water

from the inselberg{

1, The cutans in Horizon 3 are diagnostic for an
argillic horizon and are associated with a maximum in
the percentage clay. FPercentage base saturation is

greater than 50 so the soil is a Luvisol,

2, . There are more than 20% of mottles with hues redder

than 7.5YR so the. soil can be classed as Ferrie,
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French

Ghana

USDA

Ferric Luvisol
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ANALYSES

Profile 13

Horizon (depth in cm)

Characteristic
‘ 1 2 3 L 5 6
pH 1:2,5 H,0 5.8] 5.6 | 5.9 | 6.1 6.2 | 6ub
Exch, Na meq % Nil| Nil | Ni1 | Nil Nil Nil
Exoh, K meq % 0.1} 0,1 ] 0.1 | 0.1 -~ 0.1 T
Exch. Mg meq % 0.3] 0.2 | 0,5 | 0.5 0.3 0.2
Exch, Ca meq % L.4) 1.4 | 3.7 ek 2,2 1.7
‘TEB. meq/lOO g 1.8 107 ll-o} )+oo - 2.6 109
CEC meq/100 g 2.1| 2.1 | 5.2 Lok 2.9 2.6
Base Saturation % 86 | 81 83 91 90 73
Mechanical analysis
2 000 - 200 /o 32 | 32 26 21 27 2y
200 Vaks 50 /M 56 | 53 | L3 50 . 53 57
50 /u - 20 /u I 9 7 9
20/ - 2 /o 2 0 Ly 2 2
2/u 6 22 13 10 8

85




. = =T =~ - g
S..Is_ow.w S slo@ el sSTe@2 <flex = = -
A m_o E— < 3 = W - Uiy = = =] = = < 3 <
"i (O ~ N - ry o - rr w“ T |°l P o
m e Os.MJ” NOM;.J? HO‘;.J? B i HE-1 v S z d”m 5
2 Jof]:: vlolg=e flolg3e slofElz: NS S gz x
T * ..”J x = s N = = E- RN * x 5 N = e 2 X =
)] S s -2 0 ¥ 573 0 ¥ 73 0 =73 0 f=3% o =¥
— mw O »35 > |0 » & > %O « 3 > o - = f! = * == .
s P < . = © < | T > cf O »~ 3 > G ~7a5 >
-~ o R R e o -8 > o - 3 > gle » 5 > Howy > :Ho -~ ¢ > |
. = = S . o = - —— T w
L M P/m. 2 = ~— ,” ..NI Wv ” O — = Ll!Ml..VK Mn [2] |0.LVII.IIM|/VP\IWIH {0 = & LI:M;/VPIMIW ) OlOlVf@IMIVF.IMIW rfo = lvrbulml%h =
. S mm@‘wv,‘ .otm,kv( Ny - X 2o = 2 zQ@ % ¢ 0% 2 = £ g Do = = = < = = H,,
v zorvrawqOR)l £ o H R HXYHEER HO O HERE cloIQcx: 50 X EIQE 2 t
H 3 ¥ B > 7 3% = X — * = > X =} - > =
S P Y - FE qyiin BTN oG riy solfii s so@iix )
] o Feuw B S FF & X3 o = % 2 X3 = S 3 S RIw = S 23 83 < H S s 2 xF £ S S a2 x3 =
2 [w-nubis <« 3 ) < ~ 2 < = = R S = < 2 43 8 — = 2 Hhs s k3= <
= 2 [ = o 2 thl¥< 31 o 32 tphis -1 3¢ ol 1 o 32 tlofj= =3 & 2 s~ 1 o 3@ 5
~ wm K " = : : > - > =
..aw. S P owr = 2 r.vww.m._hml )T = £ - ¢ 3 T r £ ow @ tlfol s = = = ol 5 ¢ - 7 +
o & [rrau 5@%5 53« b5 552 s35w- T 5 530535+ T s L@E 5= fhls 3553 = 532 53 s
n-ru 9 T - S < £ Eth - < SHR 2 ST = this 5% 53 w =
X - 0Oy t Q¢ sojsw & 3 9 ) 3 g =
avs o T I o o = w. > b3 e > =0« Q2 H [ B I ..m—@lw./r.m 32 i
o (€] - L3 3 N ¥lo : E w2 o2 £ w2 3 T FTE o ~p 3 T r Eoap 3
v3| @ w X % % ~
wg o wvq “ o w Y w0 ]
— SfelEIadis olP IR oM TTRis ipuot¥ets |quovlsig we 2% g8
rwm “o n 2% Y 3 A £ 5m55“> =|® 5WEEM-\/ = P...JW—DE“.) N@F.TWS—TO.) N l.rfn.ut.ah..o.m W
=S8 s =S8«
- x *
— O = o = . *
ENCIEIEE- 1 EA Y DO 1 7 R ORIt X7 5 B LT © Yo e i R © T X fo oo A ®
WX aw OHE I An = ¥lo o & a0 = 2lo o r 2 A ¥ A D2 COE A 2 3
= ARIIE S D& 3 J i = 0 YK Y T 0 Vi A2l ¥j0 O& i IO 3
] s & & 2N 2 FELEL I OVE R FE LTI T QD n 5 L2 X L DI n 22 E e s EE o X E
— - £
i < EEEE O ear.: TR0 e 0 SN 0T ON@ED N AR O N B EO — N B ot e E[S — N e N = S
— — Nt 3w EfOl— vt 0 s e 2O — oD 0 r 2 ()
Q [<) 3™ w2 — P 90 O —adonstn 3(Jw F|O — @) n r
a F AR i ¥ e N of " = -V
I o IS m.w.bs..bwm usm.m..m.aﬂww nﬁmmEmW@ﬂ R ESEEEE e & m me Wﬂmmmmw 8 :
N [E— S - - = = = ~
Rcowr—or....MW sloje v & nohmuwl@ lo & & ¥lo &= tlo = s =]
- =3 « TN EJRTs) = - - -
s SEEE Aol S v 2 2lo{gs R 2o ()% foci Hevie S
- z —_ NY - . :
3 w./-o ~ w < \n ™~ w o O N NS ™ w0 — 0B~ e o - @ WS~ om o — “« < 7’90!134@9759.
O = i Bt sl 2 IR SRR Of — 4 o =+ v 3~ o o — ™ % N W N~ - .
o P - N v nw ~ w ¥|o N ) H 3t N TS Y e I T S
53 - =
ol3 = L 234JGH@MO Nt 0o~ m01234567@|.m.0| O NI~ w ¥|0 — Ao O~ w &
- X3 Mm 2 o =2 Ra,%HlKlOIUB‘# D™ W 0 — 4w DS~ w &0 — « Hh oM™ 20 — T 6L » &
= o N 5 =
z R .wﬁw..zmv..m AR HER HEEE] €8 :&s5lecEE i g g :xgE)EE 8 0k
> Oconrwﬂdwr noﬂm.“m_.r slo & [ =lo &) x slo & AT = =
. \n - w < .. -
z sr.u‘sm., 5oQI = zlo (e R NEEIGE o 3@ x
Z IPl— ~w 19~ oso|o 1030
- W.. 1234.5/.7(.90 2“””6”8”0l2&4@578901 54957890'234. ™~ oo o — ™ ¥ N9~ oo
— - -— L) —
o oha e = N0 - o ln o @34*547‘900 Dt et waloBumeutwalo Qo en st =
DmﬂOl 3 m e I wF0 — e q 9~ w &0 — T g B~ e 0I234567820I234a5673
— Dnm,mm YM3MSC7’ O —wmtwnur wFo— v wmenor~w|zfo — mtmorel2o —amtrmor w0 Cd Mmoo~ w
BN > 3 ¥Fuvw - ™ ¥ o 24 | ¥ ¥ e
3 FREaEigss MY%MMMWHH %MMYWYKH rv.m Fr ¥w o - = ¥ T ¢ ¥ ow o > 7 ¥ F o ¥ v
3 O — et loer~ ol o~ 2raheR po LSO e A s o&n Qaw o = ;& qan H
_ CDMW/O = — N Mo O —cmytasr o lgfo - NS~ O — N i a9~ o O — N Mt o - o lE
5 #_F.M TN %09~ e — N nme 0w O —cme+ o~ wldo ~ e ad- w0 — e w S~ w [s] 5 =
w C T2 gEEEES & IR EE y T E g Eu o s TE SR Eu ¥ v |zs4lml5z.73n
o
mu = ~ ™~ i S8 L QS e summmzbﬁ ES.R/... mm-l”.fl.. .V\.wt..”ﬂmmm.ﬂ ﬂﬂMﬂm Wﬁ 3
z €9 =« i O w2l - 4w o - w /0 <= - ~ b < < & < [d
S Z | 8 < o n e v~ w 2|0 — T w0~ HETrT -~ wm 2|0 - G ~ =
o F (wis |9 — N - © 93 ™~ v B = & - & ™ & = ~ <+ w0 w =
sg - o w 2lo— a avw 9~ w Blo — mvr ol w 20~ 1 v @ ~we&lo - d v s w B
S |8l T = [ of- = = Pooa o > ¥ o r =
Al Z"lmsaagen Eaea e aw tlrwe - EEExw sl EEE gy mEEIEE ey
Shofoss ofe 3 R/ 2w <laglglrogon asgrewse EHLgsaWaoger sHrgilEdageE &
Wbm\vxo 2”““6””WMIZ34S@78AO|Z345978WOl N 9~ SNt e 9 -~ w O — N e®t a9 - w
b - h -
e r PO T = w rvvusm.HOHSmwnzsms cwmeo - geruu@eiEo-_wmruwosrewldlo - wnvnarwf
< & o ; ;
esefogon sSlensglefol slenBeiol¥ :rn@)iic¥¥ :ri¥frizy LlrsffiFiey
w! > [wxen]o Y . ¥ K = -~ S = —~——— et 2 s 2Rngo0
2 viqu |0 & A mo L $0Ql? = x H 0@ I HIR-) 2.> X lo F 2.2 %
wn e - Ob@F.W NO.DI - Y .. .l. = o ~
2 1f = * A * o0 ix R, HEEET - EW HEEE S CFW 2lo 23 53,
|2 kg , b <)
% wm._m ™ ~ L) ~- ) o
_m CTN 0|Z34uu56789 > < T - '_ - — o~
z o .n/U. e e e a2 H9Ol234.1567890|l34‘156789ﬁ0l234.1567890!234*56789
o S m e o M v oo 8”“.”234567890|7_3456789_0|254567890I23456789
Q wl s © — = B B B OIMMA.M%YBQ,OIZS4546787.0|234567890|2345a787
olE REAeeteaT=s s~ = E = R — L SE=EEH
0 = : = . ST T L [ T N N L -~

86



j
13
' ROOTS MINERAL GRAINS | STONES (inert or decaging) CUTANS OTHER CONCENTRATIONS
if No, No/ |5 s TS TT LTS T, 5 T Trak| Posc TRFR 31T
i L T gl TR |
@Told © o ololololo|o]|o CINeA
(o-0(<3 [fip|< 5 Lot pt [0-4514< 25/fnd. [0-15 <25 Ind. k] Hin| v.fod 25| 1 {1 Jctay {1-5 [« 2 | soft | vma | cla
1048(3-10 wiyl€10TE 1-2 bl 155 -5 5 Qz. {5719 huick [ fud YR | 2 |2 [R20: [5-1012-201m W50\ Rn¥y
ptotpio| *jro-2o0fe 59175 |Fm [250 |>.5| Fim [10-9 7 ’ 3 (3|m0, ﬁuq RO 3
J207501¢5 Mi Mi ;“5 4 |4 [sio; [om 775|v.Wiany (50, 4
* %,
0200 el 25 5|5 e % teb carh 5
%00 s \; G [6love g o G ©
% Y60 7 (7[5 o0 Sl 7
>2000 8§18 8
Ar |Ar [nr| ar |or arl nrine |nr | ar|nr [re ] ae[ne|nr {ae [ar [ar [ oo ] ar Wrjne (AP | Wr fnrfare] nr neine | fAr Inf | nr 9
ﬁloo olololololololololololo oo SAEASISIOI Y °
0-10(<3 |¢ib) < 5 [<I|pt] <5 EDlpt| <5 [<l]et 0454'15511,4-15In4,@25 vnd AN SHT) | vad | pom Yk #in| v fad 257 1 |1 | cloy |-5 |< 2 | Soft {vA | ol UL
,lM'.’o-loMy IO ZE - 10 [1-24C)5 ~10 |12k 5SRO 55 "5) Qz | s-1ofgf- ok 151101207 leond) 2% b hick [ fus19VR) 2 12 |22 5-1012-20(m M 5.0 By 2(2|212
2102 (10| [10-2008 bo-20 -5 lio-20(15| {575 | Fim [¥50 |5 Fm fro6| 225 iy 2. fo-ss) 222 herey pens rm(s 3[40, Jo5(2074 HA jvep by 313133
20-50k5| Ro-5005| |20-50(7§ Ni Mi o 250/ () 1nd F5-25p250(0nly 1d 142 |SYR|4 |4 59 1525775 |v. W |aing Si0s 4141441
Yoo | oo | [soma |} Rl O (]| Fa| [me| Y| |espe(S|5|e b ca 51515(5
| | S | | BlE wlte | splok
9000 90~ 1 a 0 (") s3|T5R P2 T 7|7|717
> 2000 2000 »2000 88 818188
ae lur (ne] ne lorlorl ne larlael ue |orlael aelar [ne | ar{nr [ae | ar | ac|nr [ae [nr [ae [ e fnr i (e i8r | ur fnvlee] or | af (Ar | Ar (A | RC 9(919(?
00 o lojo|© [of0 Glololoolololelolololo lolofefo]osyiojofo oM olo|olo
0-10<3 (b D) [<ifot|<5 @pt] <5 [<[]p! [o-]< 5t 85 «zslml.@@w r X Gg) | P | pm. el 25| 1 |1 Y=< 2 | soft | rwa| clay]1-5 [ <2 [sofe rad feay | 111110
104013 1oty -2 as—no 12k EBYC) 55 D5  Qa |5-10f T b1l |71 % w21 R ik ¥R | 2 |2 1% 15-1012-201m Wi nd| £y | 5-10,2-20bw bl d 3, 212121212
,'01 10 2-5| [i0-20 [2.§] S17.5 | Fim [50 |>.5| Fm J10-15 Z‘!’; iy 015, ;’ga ey Oz prres |15YR R |3 | ™0, 152078 hd '“""" Medy[10-15) -u hd .Kﬂg LKA 3(3(3[3|3
»5) |20-50078 Ni M L5 73@ ind [15-28> 750 @ang) thd 142 44 5i°1*5'1f 775 |v. M |any 5i0y 15-25/>75] v hd| ang Si0 14| 4141414
so-200| | T ol SARNCTIIN - 143 PSRIBY5 |care) % wb (b b [@b}5/5/555
gog=_ i E“j I caad I w1 R 243[10R ]G |6 ] osefig, (o %% ol bibl6|6l6
#fo00 60 Péo s |7 |7 2o a0 | e lrlerielr
52000 8 Bls|s|8 |8
AL [Ar nr arlnel ur larlar| arlae [ne [ ar|ne (ae faeac] ne [ar |ne [ae fnelarjar ne (0P | W fnrine] ar [af e | A A7 we lne [ nr|ne [ar A }9{9]9(9 9
0lo olo) o 0|0 ool olol0 0 olojololo
0-i0/<3 ¢ib | €E) )t | <5 (<t [ 0451 2. (Y < 2 b |15 25 [ 1o =5 5 | o] Pk i v.:jm £]1 ]cus n-sol‘z Soft [ | clog]1-5 | <2 | Saft| red [cay| 1111 [1 1
1048]3-10 w&y 5~ 106 - 10 |.z®5~|o 1-2ko 1556} Qz |5-10 ;g.'s.ml """t‘s-mi_"; :,m";‘.‘z e ick |6 G 19YR[ 2 12 122051571012 -201m WAl rnd (R, 0; (5~ 1012-Z00ws.hd | rmd (R30, 21212212
) b0t |>10 10-202-5 t:go 251 |i0-20 15| 50 [>+5| Fm f10-15| 725 lirmg |z 0715 12 Il gz rt, pras{75¥] 3 {3 |4 101902038 bk im0 150 ha Wreglioy|3(3(313|3
20-50 i3 Mi Mi ags-ﬂ YXo| Ang | ind 1525520 [Ang w* 142.15YR 4 |4 |5 °z* 225775 |v. b any [ Si04 1525 >751v. hdt| ang (810, 4|4|41414
50-200 H Fel ol me| B | |me 143 PSRI5 |5 m.bl:f-o b (b g b |ack|{5(5(5(5 5
3?50 ﬁMJ "zs Comb ”bo_ crmb » 243 Kf)g 6 16)oye o pl |@e 4065 P 6l6l6l616
L 60 60 |75 |7 |7 52l oo 152k, >e0 elrlrir|e|7
> 2000 ) g8 . g|glgia|8
AV |Ap A} nr ariar| ar e inr wre | we (e ne (e [ne (e [ e[ ar [ar{ne |80 [ ur larlee] or (06 (0r [ Br (AP RE | AF ar loe |ne {ne |9191919(7
) OlONO |00 (o] B 00 0 oo lro1g 301010 1010 Qliglaola ololo|ato
-|0-101<3 |fib| < & <[ [p jO-15(< 25{fnd. Id.| -6 | 25 |vd| pn -5 [ | ot pom Jwk) il v fu 25| |1 | clay 15142 soft{vna| clay{1-5 142 |soft| rud |clay| L4111 (1
10-48[3-40 wy| 5-10 12kl S-S0~ )R Qx [5+10| 257 p-redich 5-10| 75 gl Lo ick "-H'm 2 |2{Re0s[571002-201m ki iRy |5-10L2-200m.bd s ond 8505 Z|2121212
bio* 1o} " i0-20 15| ©5ofr5|Fm Fon [1o-5| 55 lirmg @z [10-15| 122 fing) qz rg prs 1583 |3 Mt-"m 4 oy -::,co-nsta-zs hd feregWati{ 31313{313
‘20-50 5 i Mi M.‘*IS-H yXo| A4g | Ind 15-25|> 50 |4y md* 142 [5YR|4 |4 |5 01* 29775 |v. W any [5i04 |15-25 7751 v.hd|ang 1510 4(4]|4(4(4
50-200] fel EDpLl (o] [ | 143 5R|5 |5 [corsi 2, b (@l | |t |@k|5]5)5(5(5
| 9‘5 faj o | jomb A 43 0R |6 16 G,,,hz&, |6 % ol elel6lo |6
2600 760 véa kens{sR | T |7 {52, 1Pe0 5l 260 1 (Eelelrvlzj7
»2000 (Y2000 »2000 . g8 g|8|8|8|8
ne(arinel nr |orlard pe lariar] e orjar] nene [ar wr | ue {ne | ne |ae {ne [ ne [nn|or {ar|ne (e [ ur jnelee] o [0 [ne [ar (e [ne jor | ne e nr ar [9(9]2]9]?
o o |ojo 0 olo|o ] GRR-AHE) ) oo|0r|o,0l0l0olo]ololo olojolelo
0-01<3 |fib| <& (o1 |6 [<l|pr| <5 |<l|pt|0-5< 1s|ind () .28 nd [1-s | Z5 [wwa] pns-5 155 [rmalpe T T [chagli-5 |< 2 | Soft| rwa | clay| 1=5 | <2 [Salt|rad |chay| ]3|t 111
1{10-43-10 wdy] 610 -2€u6 - 10 12 fub{ 5 - 1O -2 S-S YR} t5-5oAC o] Qz |5-10 3075, ok |s-10] By rowd 2|2 [R0s{5+1012-20/m Mls | 2,0, 15-1012-200w i arnd 80, 2121212 2
ivi0* 10 10-2005( Jo-2002-5] No-20(i-5| 5925 |Fm[>50 |>.5| Fis Jro-is X imy|8z Jlo-1s ;’{; Ifres 2|3 [ §0152098 bd ren | Mo, 10-4520-3 hd ftreqlNad, 313|333
.“20-50 <5 50y5| |20-50|7§ i ’ Mi Mi- 5253200 Ang |ind [15-25 |5 260 |Amy 4145 °z* 25775 v. W ang (5i03 15 -29(>75] v.hd oy Sio,|414|4|4|4
50-200 0-200 50~200) fe) 3 A B L B S fab 5 (5 )cors 2}0 b (b b lark|5]5[5]51(5
- o0 200- %5 NG Comb ”“— Kb 616 |sye[fp Pl Gyp 4065 ot 6lel6l6 6
Too0| | [*Foeo o0 60 Péa 7|75 peo aie |60 ARl
>2000 2000 »2000 8|5 ) ~ |8i88|8[8
acinr (nef ne foeloe] ne [aelar] e (arjr] ne | e [ae [aror [ne ] ar|ae [ ar (ae (ar o {ne ariwr| ar [n {ne Tar [nr {ne | arnr |ne fnr far [919]2(9]9




SITE DATA.
Location
Position

Slope

Parent material
Underlying rock
Drainage
Vegetation

FOR DISCUSSION

Soil genesis

Drainage

Classification

FAO
French
Ghana

USDA

‘Profile 1i.

Bauchi - Ningi road. Culvert 36/1,

Mid slope

Planar slope >1°

Wind blown material overlying ironpan..
Granite gneiss of the Basement Compléx
Well drained

Shurb savanna

The soil is developed on material that is partly
aeolian in origin and that overlies secondary
recemented ironpan. The coarse quartz grains within
the profile indioate that material derived from the
Basement Complex rocks is maixed with the wind blown

deposits.

Colours of high chroma and value occur throughout the
profile so the soil is considered well drained,

(see Part (ii)., If the mottling in Horizons 3 and 4
are thought to be due to present day hydromorphism,
they may indicate impeded drainege aboVe the ironpan.

1, ~There is little profile development and the
percentage base saturation is greater than 50 so it is

classed as a Eutric Cambisol.

2, = Because hard ironpan occurs within one metre the
soil is classed as petroferric phase. (8ee Part III),

Eutric Cambisol-petroferric phase.
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Profile 1l

ANALYSES
Horizon (depth in om)
Charaoteristic
1 2 3 4
0-18 18-38 38-57 57-76
pH 1:2.5 HZO 6.3 5. 5.9 603
Exch. Na meq % Nil T T T
Exch, K meq % 0.2 0,1 0,2 0,2
Exch, Mg meq % 0.7 1.1 11 0.9
Exch, Ca meq % 3¢5 3l 4.8 4.8
TEB, meq/100 g Lo 4.6 6e1 5.9
CEC meq/100 g L7 7.2 7.6 6.8
Base seturation % 9l '6h 80 87
% org. C o.d.s. 71 36 21 21
Mechanical analysis
2 000 /u - 200 /u 30 26 23 30
200 /u - 50 /u 40 23 25 25
50 u - 20 / 1 21 20 15
20 /u - 2/u 2 4 L L
2/u 1 26 28 26
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The Wawa Association. Profiles 15, 16.

Location

Altitude
Geology

Land form

Rock outcrops

Ironpan

Dominant soil

The Wawa Association oovers most of the Kerri Kerri
Sendstone area. It stretches from 10° 20' to

11° 10 E and from 9° 45' to 11° 10' N.

300 - 600 m (1 000 - 2 000 ft).

Xerri Kerri Sandstone.

The unit forms an undulating plain with long planar to
convex slopes., Locally dune patterns can be recognised
on the aerial photographs. The drainage pattern is
dendritic with a very coarse texture,

There are hardly any rock outecrops.

There is ironpan on some small hills rising above the

plain,

Wawa Series - Dystric Nitosol.
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SITE DATA.

Location
Pogition
Slope

Parent material

Underlying rock
Drainage

Vegetation

FOR DISCUSSION.

Soil gemnesis

¢ -

Classification

PAO
French
Ghana

USDA

Profile 15,

Bauchi - Gombe road. Culvert 59/1.
Upper slope

o
Convex slope 1

Unconsolidated surface material derived from

Kerri Kerri Sandstone.
Kerri Kerri Sandstone,
Well drained.

Tree savanna

As reworking of the surface layers of the Kerri

Kerri Sandstone is widespread in this area, the soil

is probably developed on reworked Xerri Kerri

material, However the only evidence of this
reworking in this profile is the presence of occasional

rounded pebbles.

1. The percentage clay is less than 15 throughout

the profile so the soil is classed as an Arenosol.
2. The B horizon does not have the characteristics
of an oxic B horizon, nor is it albic or luvic so the

soil is a Cambic Arenosol.

Cambic Arenosol
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Profile 15

ANALYSES

4,

! Horizon (depth in om)

Characteristioc
1 2 3 ‘ L 5
0-22 22-52 | 52-107 107-;75 175-243

o 1:2,5 H,0 6.2 S5el 5.4 5.2 5.2
Exch, Na meq % Nil Nil Nil Nil Nil
Exch, K meq % T 0.1 0.1 0.1 0.1
Exch. Mg meq % 0.3 ] 0.2 0.2 | 0.3 0.3
Exch. Ca meq % 0.9 0.6 0.6 0.5 0.4
TEB, meq/100 g 1.2 0.9 0.9 0,9 0.8
CEC meq/100 g 1,0 1,2 1.3 1.7 1.8
Base saturation % >100 75 69 53 L,
% org. C 0.d.s. 19 13 07 05 05
Mechanical analysis
2 000 /u - 200 /u 52 54 50 61 51

200 /u - 50 /u 37 32 32 20 27

50 /u - 20 /u 2 8 3 6

2 /u 8 6 1 1 AJ
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SITE DATA.

Location

Posgition

Slope

Parent material

Underlying rock

Drainage

Vegetation

FOR DISCUSSION.

Soil genesis

Drainage

Classification

FAO

Prench

Ghansa

USDA

Profile 16,

Bauchi ~ Gombe road., Culvert 59/1.

Lower slope

Concave slope < 1°

Unconsolidated surface material, possibly alluvium,
Kerri Kerri Standstone’

Imperfectly drained.

Tree Savanna,

The soil is developed on material that has accumulated

by alluvial or colluvial processes in this valley.

The soil has a colour of 10 YR 6/3 in Horizon 3 and
is thus considered imperfectly drained. Although
arenosols may form an exception to the colour
criteria for assessing drainage (See Part III) the
presence of mottling in Horizon 3 indicates impedance

of the drainage.

1. The percentage clay is less than 15 throughout
the profile so it can be considered an Arenosol,

Cambic Arenosol




ANALYSES

Profile 16

Horizon (depth in om)

Characéeriétic
1 2 3 L 5 6
0-13 | 13-58 | 58-101 | 101-135 | 135-158 | 158-180
pH 1: 2.5 H20 6.0 5.3 508 508 506 508
Exch, Na meq % Nil | Nil Nil Nil Nil Nil
Exch, K meq % 0.1 T T T T T
Exoh, Mg meq % 0.3 0.3 0.1 0,1 0.1 0.3
Exch., Ca meq % 1.2 1.3 | 0.5 0.5 0.7 1.1
TEB, meq/100 g 1,6 1.6 0.6 0.6 0.8 1.4
CEC meq/100 g 2.1 2,2 0.7 0.6 1,2 2.0
Base saturation % 76 73 86 100 67 70
% org. C o0.d.s,. 36 32 05 - 10 12 3
Mechanical analysis
2 000 Vul 200 /8 26 36 i3 30 31 42
200 /u - 50 /u 41 40 42 39 32 3
50 Ve 20 Ve 19 10 7 13 17 12
2 /8 8 8 A 1k 12 8
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Garko Assoclation. Profiles 17, 18,

Location

Altitude

Geology

Land form

Rock outcrops

Ironpan

Dominant soils

The Garko Association occurs in a long, narrow belt
stretching 90 km North and 50 km South of Gombe.
(10° 50* - 11° 20" E and 9° 50' - 11° oo' W).

240 to 400 m (720 to 1 200 ft).

Gombe sandstone, In the eastern part older rocks may
be exposed in valley bottoms, Part of the soil material

is derived from the Kerri Kerri Sandstorne to the West.

The area consists of very gently undulating valley
floors and colluvial fans with slightly convex to planar
slopes. The streams are sharply incised. Relative
relief is in the order-of 15 (50 ft). The drainage

network is dendritic with a coarse texture.

Few outcrops of sandstone may occur anywhwre aleng the
slope. They are more frequent on upper slopes.

No jironpan was observed.
Ferralic Arenosol -~ Kumo Series

Chromic Luvisol - Dingaya Series.
Garko Series - Orthic Luvisol
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SITE DATA.

Location

Position

Slope

Parent material

Underlying rock

Drainage

Vegetation

FOR DISCUSSION

S0il Genesis

Classification,

Fao

French

Ghana

USDA

Profile 17.

Gombe - Biu road, Mile Post 72.
Upper slope

0
Convex slope 1

Unconsolidated material derived mainly from Gombe

Sandstone,
Gombe Sandstone.
Well drained.

Tree savanna

1. The soil is developed on material that is probably
derived from Gombe Sandstone that has partly infilled
this valley site.

1. Horizon 4 can be considered as an argilliec

horizon and the soil is classified as a Luvisol.
2. The cation exchange capacity is greater than
24 meq. % clay so the soil is not a Ferric Luvisol
and is classed as Chromic on the basis of the red

colours,

Chromic ILuvisol
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ANALYSES

Profile 17

Horizon (depth in cm)

Characteristic
oilu 11.351 51281 811:102 102?132 1325178 1782210
pH 1:2.5 H,0 6.2] 6,2 | 6,3 | 6.4 6okt 645 6.6
Exch. Na meq % 7 Nil| Nil | Nil | Nil Nil Nil Nil
Exch, K meq % 0.1l 0.1l oo | 01 | 0.2 | 0.2
Exch, Mg meq % 0.3| 0.5 | 0.3 | 0.9 0.9 0.8 0.8
Exoh. Ca meq % 1o7| 3ol | 241 | bk 1.0 Wl | he2
TEB, meq/100 g 2,1 4.0 | 2.5 | 5.4 | 5.0 5.1 5.2
CEC meq/100 g 240 bl | 3.2 | 64k 6'.2 6,1 5.7
Base saturation % 88 | 91 78 8l 81 8l 91
% org. C o.d.s, L3 | b | 24 | 24 20 13 10

Mechaniocal analysis

200 /u -5 /
50 /u - 20 /u
20 /u - 2 /u

2 /u
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SITE DATA,
Location
Position |
Slope

Parent material

Underlying material
Drainage
Vegetation

FOR DISCUSSION,

Soil

Draingge

Classification

FPAO
French

Ghana

USDA

Pfofile 18,

Gombe - Biu road, Culvert 71/2,
Lower slope

0
Concave slope 1

Unconsolidated material derived from Gombe

Sandstone,
Gombe Sandstone,
Imperfectly drained,

Tree savgnna.

1. The soil is developed on material that is
probably derived from Gombe Sandstone, that has
partly infilled this valley site, '

The colours of 7.5 6/3 and the presence of
mottling in Horizon 3 means that the soil is
imperfectly drained. (see Part III), This
must be considered a borderline case for the

underlying horizons have much brighter colours.

1, The cutans in Horizon 4 and 5 indicate an
{
argillie horizon and the soil is classed as a

Luvisol,

2, The cation exchange capacity is greater than
2l meq, % olay, The soil is not strongly mottled
s0 it is not a Ferric Luvisol, It must therefore

be classed as an Orthie Luvisol,

Orthic Luvisol
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Profile 18

ANALYSES
Horizon (depth in cm)
Characteristic
1 2 3 4 5 6
0-24 2u-46 | 46=Th | 74=96 | 96-148 | 148-200
pH 1:2.5 H,0 6.6 | 6. | 63 | 5.6 | 5.8 6.5
Exoch, Na meq % Nil Nil Nil 0.1 0.2 0.2
Exch, K meq % 0,1 0.1 0.1 0.1 0,2 | 0,2
Exch, Mg meq % 0.6 0.3 0.3 | 0.7 1.2 2,0
Exch. Ca meq % 2.9 2.0 1.7 203 I 3-3 502
TEB, meq/100 g 3.6 2.4 2,1 342 L9 7.6
CEC meq/100 g 349 5.7 | 20k | kel | 5.0 8.9
Base saturation % 92 65 88 78 98 85
% org. C 0.d.s. 52 32 | 18 | 12 09 12
Mechanical anaiysis
2 000 u - 200 s
200 /u - 50 /u
50 ke 20 p
20 /u‘- 2
2 /u
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Kwaya Aassociation.

Location

Altitude

Geology

Land form

Rock outcrops

Ironpan

Dominant soils.

Profiles 19, 20, 21,

The Kwaya Association occurs on the Basement Complex
area to the south west of Biu, between 11° 40' and
12° 10" E and 10° 00' and 10° 30' N. .

300 to 500 m (1 200 to 1 600 ft).

Basement Complex, predominantly coarse granite
and migmatite.

This unit forms an undulating plain with narrow,
convex interfluves and concave valleys. Relative
relief is in the order of 30 m (100 £t). There is a
fine dendritic drainage pattern.

There are few to common medium outcrops, occurring

mainly on upper and middle slopes as low whalebacks.

 Ironpan has not been observed in this unit.

Busra Series - . Butric Lithosol.
Kaltungo Series - Cukble Aiéhosol
Barriki Series - Chromic Luvisol
Gnoe Series = Orthic Luvisol
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SITE DATA.
Location
Pogition

Slope

Parent material
Underlying rock
Drainage
Vegetation

FOR DISCUSSION.

Soil genesis

Classification

Profile 19,

Gombe - Biu road. 800 yards east of Mile Post 2l.

Upper slope

Convex slope 1°

Granite of the Basement Complex
Granite of the Basement Complex.
Well drained.

Arable.

The soil is developed on weathered granite._ The
clear boundary between Horizoms 2 and 3 marks a
discontinuity in the profile and it is probable that
there has been some lateral movement of the material
forming the upper part of the profile.

1. If Horizons 3 and 4 are considered to be part of
the B horizon the soil can be classed as a Chromic

Luvisol. If Horizons 3 and 4 are thought to be part
of the C horizoen them the soil is a Chromie Cambisol,

2. Many of the rock fragments in Horigzon 3 and 4 are
more then 2 mm in diameter, and as they occur within
100 cm of the surface they must constitute a stony
rvhase, The rock is not coherent enough for the soil
to be regarded as having a lithic phase.

3, Soils with a high proportion of coarse material are
classified on the characteristics of & very small
percentage of the whole soil, This is not véry
satisfactory.

i1,




SITE DATA

PAO

French

USDA

Profile 19 (Cont'd..)

Chromic Luvisol - stony phase (Chromic Cambisel if
Horigon 3 and 4 are thought to be part of the

C herizon,

2,




ANALYSES

Profile 19

Horizon (depth in om)

Characteristic '
1 2 3 4
0-27 - 27-43 4,3-87 87-137
pH 1:2.5 H20
Exch, Na meq % Nil Nil + 0.1
Exoh, K meq % Ol 0.2 0.2 | 0.3
Exch, Mg meq % 0.5 Ouk L 0.8
Exch, Ca meq % 2.6 3.3 5.1 5.5
TEB, meq/100 g 345 3.9 6e7 6.5
CEC meq/100 g 3.8 4.1 8.3 7.8
Base satufation % 92 95 81 83
% org., G o.d.s.
Mechanical analysis
2 000 /u - 200 /u
200 /u - 50 /u
50 /u - 20/11
20 /u - 2 /u
2 /u
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SITE DATA.

Location

Position

Slope

Parent material

Underlying rock

Drainage

Vegetation

FOR DISCUSSION

So0il @genesis

Classification

FAO

Prench

Ghana

USDA

Profile 20.

Gombe - Biu road, Culvert 20/4.,

Mid alope

Convex 2°

Unconsolidated material derived from granite.
Granite of the Basement Complex

VWell drained.

Tree savanns

The abrupt boundary between Horizons 4 and 5 marks
a discontinuity in the profile. The material of
the upper horizons is derived from granite and has
probably moved laterally. Horizon 5 is in situ
grenitic material,

1., As with Profile 19 the classification depends on
whether Horizon 5 is considered to be a B or C
horison.

2, In Part III a limit of 1 m was suggested for the
classification of soils with discontinuities. Here
the discontinuity is at 74 cm. The extent to which
Horigon 5 influences the agricultural potential of
this soil is debatable.

Orthic Luvisol - stony phase. (Butric Cambisol if
Horigon 5 is thought to be part of the C horizon)

116,
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ANALYSES

Profile 20

Horizon (depth in cm)

Characteristioc .
1 2 3 L 5
0-12 12-23 23-43 43-60 | 60-132
P 1:2,5 H,0 6.2 | 5.8 | 5.9 | 6.0 | 6.2
Exch, Ne meq % Nil T 0.1 0.1 0.2
Exch, K meq % 0.3 0.1 0.1 0.1 0.2
Exch, Mg megq % 1.3 0,8 0.8 0.6 1,6
Exch, Ca meq % 6.3 L6 ko7 3.6 10.4
TEB, meq/lOO 8 ' 749 5.5 5.7 Lol 1201'.'
CEC meq/100 g 8.3 | 7.1 6.8 48 13,6
Base saturation % 95 71 8’+ 92 91
% org., C o.d.s. 68 Ly 21 09 07
Mechanical analysis
2 000 ju - 200 su 48 46 53 67 18
200 /u - 50 /u ‘ 26 26 19 18 28
50 /u - 20 /u 6 8 8 1 2
20 pu - 2 "6 6 L 6
2 1y 1y 16 10 16
);
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SITE DATA.
Location
Position
Slops
Parent material
Underlying rock
Drainage
Vegetation

l FOR DISCUSSION

l Soil genesis

Drainage

Clagsification

Profile 21.

Gombe - Biu road, Culvert 20/3

Lower slqpe

Conosve slope 1°

Unconsolidated material, possibly old alluvium,
Granite of the Basement Complex.

Poorly drained,

Shrub savanna

1., The soil is probably formed in an old alluvium.
There are three discontinuities in this profile.
Horizons 1 and 2 are probably due to a recent wash
of coarse granitic rubble, Horizons 3 and 4 are a
fine alluvium and Horizon 5 is coarse material
derived from granite. Horizon 6 is possibly
Another fine clayey alluviym,

The low colour values of this soil make it impossible
to apply colour criteria to assess the drainage of
the soil. Vertisols are thus an exception to the
colour eriteria. (See Part III),

1. There is little evidence to suggest that the
soil is receiving fresh fluviatile sediment so it
cannot be considered a fluvisol.

2. The surface horizons are sandier than the lower
part of the profile, and there is not at least 30
percent clay to a depth of 50 cm so the soil cannot
be classed as a vertisol., However cracks 1 cm wide
occur at 50 cm and cutans are well developed so the
soil can be classed as a Vertic Luvilsol,
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SITE DATA,

FAO

Prenoh

USDa

Vertic Luvisol,
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Profile 21

ANALYSES

Horizon (depth in cm)

Characteristic
1 2 3 4 5 6
0-10 {10-30|30-93 {93-141]141~182{182-202
M 1:2.5 H20 6e3] 6.6 | 7.7 | 8.0 Tolr | Te2
Exch, Na meq % 0.,2] 0.6 | 1.8 | 1.8 0.7 1,0
Exch, K meq % 0.3]| 0.2 | 0.4 | 0,3 0.2 | 0.3
Exch, Mg meq % 301 244 5.0 S5eb 2.4 5.8
Exch. Ca meq % 12,0 14,2 [26.4 [28.3 11,7 | 26.7
TEB. meq/lOO g 15-6 17010- 3306 3508 1500 33‘8
CEC meq/100 g 16,0[18,4 [31.9 [32.0 | 13.7 | 35.5
Base saturation % 98 | 95 [>100 |>100 [>200 95
% org, C 0.d.5. 104 70 |55 |51 05 29
Mechanical analysis .
2 000 Ve 200 N L6 | 36 10 1 33
200 Ve 50 o 17 | 13 I 5 8
50 /u - 20 /u 7 9 12 11 1 15
20 /u - 2 /u 10 | 12 16 16 6 22
2/u 20 | 30 58 54 52 54
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Palma Association
Location
Altitude

Geology

Landform

Rock outcrops
Ironpan

Dominant soils

The Palma Association forms part of the Biu
basalt plateau, It occurs between 11° 45'
and 12° 30' E and 10° 20* and 11° 10' N,

500 to 850 m (1 600 to 2 800 ft)

Basalt

The unit forms gently umdulating plaims, which
are separated by scarps. The slopes are convex
to planar. Relative relief is in the order of
15 - 30 m (50 - 100 £t). The narrow, concave

valleys form an irreguler network.

Rook outcrops and large boulders are common

_throughout most of this umit.

There are no outcrops of ironpan but some
strongly ferruginised basalt occurs.

Gokwal Series - Chromic Luvisol,
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SITE DATA.

Location

Position

Slope

Parent material

Underlying rock

Drainage

Vegetation

FOR DISCUSSION.

So0il genesis

Clagsification

FAO
French
Ghana
USDA

Profile 22,

Gombe - Biu road, 200 yards veaf of Culvert 13/2,
Upper slope

Convex slope 1°

Basalt

Bagalt.

Well drained.

Arable,

1, The clear boundary between Horizons 3 and 4 marks
a discontinuity inﬂthe profile., The upper horizons
are of reworked basaltic material that has moved
laterally,

2., The coneretions in the soil are thought to be
fragments of ferruginised basalt,

1. The discontinuity in this soil is at 82 em and
clearly illustrates the problems of classification
posed by layered soils. Horiszon 4 has moderately
well developed cutans and can be considered an
argillic horizon. The soil is therefore classed as
a Chromic Luvisol,

2. The soil is classed as concretionary phase, dut
as the concretions are mainly ferruginised basalt it
might also be correct to class the soil as stony
phase, '

Chromic Luvisol -~ coneretionary phase.
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Profile 22

ANALYSES

Horizon (depth in cm)

Base saturation %

Characteristic .
1 2 3 L 5
0-15 | 15-43 | 43-82 | 82-13k | 134-175
pH 1:2.5 H0
Exch. Na meq % 0.1 | Nil Nil T 0.1
Exch, K meq % Ouk | Ouk 0.3 0.2 0.2
Exch, Mg meq % 5¢5 5.9 762 9.0 15,0
Exch. Ca meq % 8.3 | 7.0 7.8 9.5 | 15.5
| 728 mea/100 & w.3 | 13.3 | 155 [18.7 | 30.8
CEC meq/100 g 7.4 7.8 29.4 25,2 | - 36,7
82 | >100 75 W | 8k

% org. C o.d.s.

Mechanical analysis
2 000 ju - 200 ju
200 u - 50 gu
5 u=~ 20 /u
20/ - 2/u
2 /u
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MINERAL GRAINS | STONES (inert or decaging) CUTANS OTHER CONCENTRATIONS
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SITE DATA.
Location
Position

. Slope
Pa{eétrnaterial
Underlying rock
Drainage

VYegetation

FOR DISCUSSION,

Soil genesis

Drainage

Claasification

FAO

Ghana
USDA

Profile 23,

Gombe - Biu road. Mile Post 12,
Mid slope

Planar to slightly convex slope 1°
Bagalt

Basalt

Imperfectly drained

Tree savanna

The s0il is developed in situ on basalt. The pit
shows the irregular depth of soil development,
probably due to irregular weathering of the basalt.
The carbonates are probably derived from lime
infilled vesicles in the basalt, Concretions in
the profile are fragments of ferruginised basalt.

Horigon 4 has a colour of 10YR 5/1 so the soil is
imperfectly drained. (See Part III).

1. Although the ﬁfil has well developed cracks it
does not have glichensides or wedge shaped structural
aggregates so it camnot be classed as & Vertisel.,

2, There are cutans in Horizons 2 and 3. If Horizom 1
is considered to be eluvial it has more than 40% clay,
but Horigems 2 and 3 have at least 8% more clay, so
they meet the teitnral requirements for an argillic
horizon. The 80il is therefore classed as a Luvisol.
It is regarded as a Vertiec Luvisol by virtue of the
cracking,

Vertic Luvisol
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ANALYSES

Profile 23

Horizon (depth in om)

Characteristic
1 2 3 L
0-18 18-48 L,8-72 72-90
pH 71:2.5 Hzo B 7-11- N 7.8 7.6 ' 7-6
‘Exch. Na meq % T 7 0.1 0.1
Exch. K meq % 0.8 0.6 0.9 1.0
Exch, Mg meq % 4.1 3.8 6.0 6.l
Exch, Ca meq % ko9 4547 >50 >50
TEB, meq/100 g 39,8 | >50 >50 >50
CEC meq/100 g 41,0 40,3 39.5 | 36.8
Base saturation % 97 >100 >100 >100
% org. C o.d.s.
Mechanical #&nalysis .
50 / - 20 /u 33 21 23 20
20 /u - 2 /u 10 12 8 6
-2 /8 46 54 56 46
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SITE DATA

Location
Positiqn';
Slope

Parent material
Underlying rock
Drainage

Vegetation

FOR DISCUSSION

Soil genesis

Drainage

Classification.
FAO
Prench
Ghana

USDA

Profile 24,

Gombe - Bius road. 300 yards smst of Culver11/2,
Upper slope

Convex alope 1°

Basalt

Basalt

Poorly drained

Shrub savanns

The soil is probably developed in situ on basalt.
Red well drained soils are usually formed on ﬁpper
slope sites in this area. The occurrence of this
vertisol may be due to poor drainage on a long
gentle slope or to a difference in the basalt.

The low colour values make it impossible to agsess
the drainage by colour criteria and this soil forms
sn’exception. (See Part III),

Chromic Vertisol
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ANALYSES

Profile 24

Horizon (depth in cm)

Characteristic
1 2 3 N 5 6
0-20|20-60160-90[90-126 |126-160{160-200
pl 1:2.5 H,0 6.6l 7.2 | 7.8 | 80 | 8.2 8.0
Exch. Na meq % o.l O.l 0.3 0.6 0.9 loo
Exch. K meq % 0.6] 0,6 | 0.6 | 0.5 0.5 Ouk
Exch., Mg meq % 10.2] 9.5 |10.0 {10.7 10.7 11.8
Exch. Ca meq % 22,2|24.8 [27.3 2647 2544 23.9
TEB., meq/100 g 33,1]35.0 {38.2 |38,5 37.5 37.1
CEC meq/100 g 34.,2{38.9 |38.3 [41.1 33,7 30.6
Base saturation % 97-1 90 {100 9l >100 >100
% org. C 0.d.s. 76 | 48 38 29 19 05
Mechanical anelysis
2 000 s 200 Ve 5 5 12 4 4 5
200 /u - 50 /u 6 I 5 6 N 6
50 - 20 /o 25 | 21 23 18 2l 19
20 /u -2 ju 12 | 1 8 12 12 12
2 52 | 56 52 60 56 58
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Vagur and Kanawa Associations Profiles 25, 26, 27, 28.

Location The Wagur and Kanawa Associations occur within the
Cretaceous region. They occur from 10° 35' to
12° 00" E and from 9° 30' to 11° 30' K.

Geology A range of cretaceous sediments, but dominantly
mudstones and shales.

Altitude 200 to 300 m (80O to 900 f£t)

Lend ! form The associations form gently undulating plains with
generally broad, convex to planar interfluves.
Relative relief is less than 15 m (50 £t). The
drainage network is demdritic and of variable density.

Rock outcrops There are very few rock outcrops. They are mainly
‘ restricted to more resistant sandstones and
limeatones.
Ironpan Ironpan was not observed.

Dominant soils. The Wagur Association has a complex soil pattern, while
the Kanawa Association has been mapped where large,
homogeneous areas of Vertisols occur, '

Zangaya Series - Orthic Luvisol
Kanawa Series - Chromic Vertisol
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SITE DATA.

Location

Position

Slope

Parent material

Underlying rock

Drainsge

Vegetation

FOR DISCUSSION.

Soil genesis

Drainage

Classification

FAO

French

USDaA

Profile 25.

Gombe ~ Biu road, Nile Poat 65,
Mid slope

Convex slope 1°.

Shale

Shale

Poor

Arable,

The soil is probably derived almoaf in situ from

the underlying shale. The presence of quartez stones
and inherited concretions suggest that some material
has been added by lateral movement, particularly

in the surface horizon,

The low chromas and values of the so0il makes it
impossible to assess the drainage of the soil from
colour criteris.

Chromic Vertisol
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ANALYSES

Profile 25

Horizon (depth in cm)

Charaoheristic
1 2 3 I 5 6
0-20 | 20-44 | 44-77 | 77-107 |107-146 | 146-175

p 1:2,5 H,0 7.9] 8.0 | 8.2 | 8.4 8.4 8.2

Exch. Na meq % 0.1| 0.3 | 0.8 | 1.3 2.5 2.5

Exch. K meq % 0.4] 0.k | Ouk | Ouls 0.5 Ol

Exch, Mg meq % 3,0| 3.9 | 5.1 | 5.1 6ol 6.1

Exch, Ca meq % 29,8 |34.3 [35.0 [29.8 | 345 30.0

TEB, meq/100 g 33.3[38.9 |u1.3 [36.6 | 3.9 | 39.0

CEC meq/100 g 39.8139.1 {40.2 [81.1 | 39.6 | 40.0

Base saturation % 78L|_ 99 [>100 | 89 >100 97

% org. C o.d.s. 62 | 57 L7 43 43 32

Mechanical analysis .

2 000 /u - 200 /u 14 | 16 14 14 16 pe
200 /u - 50 /u 7 7 7 8 3 3
50 /u - 20 /u 15 | 14 11 10 A 1
20 /u - 2 /u 12 | 12 12 12 9 9

2 /'u : 52 | 52 57 56 58- 60
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VOIDS MINERAL GRAINS | STONES (inert or decaying) CUTANS OTHER CONCENTRATIONS
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SI!E DATA.
Location
Position

Slope

Parent material
Underlying rock
Drainage
Vegetation

FOR DISCUSSION

So0il genesgis

Drainage

Classification

FAO
French

USDA

Profile 26.

Gombe ~ Biu road. 200 yards west of Culvert 63/2.7
Mid slope

Convex slope 1°

Sandstone or mudstone of the transitional formations.
Sandstone or mudstoﬁo.r

Imperfect

Shrub savanna

The clear boundary between Horizons 2 and 3 probably
marks a discontinuity in the profile. The sandy
surface horizons may be a recent wash, though the
sandy texture may be partly due to illuviation of
clay. The lower part 6f the profile is probably
developed almost in situ.

The profile is considered to be imperfectly drained,
for a colour of 10YR 5/3 occurs in Horizon 2 and 3.

1. The s0il has an argillic horizon and can be
classed as a Luvisol,

2. There are no diagnostic criteria on which the
80il may be assigned to a given sub-unit, go it must
be considered an Orthic Luvisol.

3. The exchangeable sodium pPercentage is grzater
than 6 and less than 15 so it is possible that a

Solodic sub-unit of the Luvisols is required
corresponding to the Solodic sub-unit of Planosols.

Orthic Luvisol
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Profile 26

ANALYSES

Horizon (depth in om)
Characteristic : :
12 | 3 & | 5 6 7
0~14 |14-32 |32-149 | 49~85 |85-125 [125-170|170-200
pi L2500 5.9] 6.1 | 6.6 | 8.8 | 8,0 | 8.9 | 9.0
Exch. Na meq % 0.1] 0,6 | 1.6 | 1.7 | 2.4 2.8 2.9
Exoh. K meq % 0.3] 0.3 | 0.4 | Ouls | 0.5 0.4 Ok
Exch, Mg meq % ' 1,21 1.5 | 2.5 | 2.8 | 3.8 4.2 o2
Fxch. Ca meq % el sue § 9.3 1.3 |20.8 | 22,2 | 19.7
TEB, meq/100 g 5.7] 7.8 [13.8 |16.2 |27.5 | 29.6 | 27.2
CEC meq/100 g 6.8111.1 16,0 {16.1 |21,1 | 22.2 | 22.2
Base saturation % 8, | 70 86 [>100 {100 >100 >100
% org. C o.d.s. 73 | &2 27 33 1y 11 07
Mechanical analysis
2 000 /u - 200 /u 9 8 5 8 6 6 L
200 ju - 50 Ve 51 | 36 27 32 |26 21 14
50 /u - 20 /u_ 15 |12 14 10 1 17 L,
20 /u - 2 /u _ 6 |12 8 8 8 10 18
2 18 [ 32 |46 |42 |u6 L6 50
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SITE DATA.,
Location
Position
Slope

Parent material

Underlying rock

Drainsge
Vegetation
FOR DISCUSSION.

Soil genesis

Drainage

Clasgification

FAO
French

USDaA

Profile 27.

BN

Gombe - Biu road. 100 yards east of Mile Post 63,

Upper slope
Convex alope 1°

Unconsolidated material derived from ironpan and
sedimentary rocks., -

Sandatone of the transitional formations.
Imperfect

Arable,

The rounded fragments of ironpan and other inherited
concretions in Horizon 6 indicate that the soil is
developed from material that has moved laterally,

1. Horizon 5 has a colour of 10TR 6/1 and it occurs
within 150 cm of the surface; mottling is also
present so the amoil is regarded as imperfectly
drained. (See Part III),

2. 1t is arguable whether the mottling is present day
or inherited. The paler yellow mottles (7.5YR 5/8)
are thought to be present day for they have diffuse
boundaries. The red (2.5YR 4/6) mottles are
probably inherited for they have abrupt boundaries,

1. Horigzons 5 and 6 are argillic as cutans are present
80 the s0il can be classed as a luvisol.

2. There are more than 20% red mottles in the lower

- part of the profile so it can be considered a Ferric

Luvisol,

Perric Luvisol
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Profile 27 -

ANALYSES
T
Horizon (depth in cm)
Characteristic V
1 2 3 | & 5 6
0-13|13-2828-59{59-86 _86—117 117-150
pH 1:2,5 H,0 5.6 48 | 5,0 | 5.4 | 6.3 ol
Exch. Na meq % 0.1] T |wni1| T | 0.1 0.1
Exch, K meq % 0.2| 0.2 | 0.4 | 0,7 | 0.8 0.8
Exch, Mg meq % 0.7 0-6 0.9 1-7 2.3 108
Exch. Ca meq % 3.6 3.6 | 4.8 | 6.8 | 8,5 7.1
TEB, meq/100 g Leb| Lok | 6,1 | 9.2 |11,7 9.8
CEC meg/100 g 5.3 7.7 |10.7 |12.6 |13.2 | 10.7
Base saturation % 1 87 | 57 57 73 89 92
% orge C o0.d.s. 56 | 49 31 | 18 20 15
Mechanical analysis

2 000 Ve 200 Va | 12 10 11 8 17
200 Vel 50 /M 40 | 30 21 | 16 16 23
50 /u - 20 /u 20 | 17 17 20 23

20 /u - 2 /u 81| 10 10 8 10 10

2 p 18 | 34 |42 |48 |.bo Lo
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SITE DATA.

Location
Pogition

Slope

Parent natorigl

Underlying rock

Drainage

Vogetation

FOR DISCUSSION.

Soil genesis

Drainege

Clagsification

FAO

French

USDA

Profile 28,

Gombe - Biu road. Mile Post 64,

Upper slope

Planar slope 1°

Shale or mudstone of the tranaitional formations
Shale or mudstone of the tramsitionsl formations,
Poor

Tree savanna

The soil is probably developed ‘almost in situ but
the presence of inherited comoretions in Horigon 4
suggests that there has been some lateral movement
of soil material on this slope.

A colour of 10TR 5/2 occurs within 50 cm of the
surface go the s80il is considered poorly drainmed.

The soil is classed as a Luvisol as Horigons 3, 4 and
6 can be considered as argilliec, Horisom % is
gleyic because of its colour (See Part ITI) so the
80il is a8 Gleyic Luvisol,

Gleyic Luvisol -
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Profile 28

ANATYSES
Horizon (depth in cm)
Characteristic -
1 2 3 L 5 6
0-14|14~31] 3154 |54-115|115-165 |165~200

M 1:2,5 H,0 ' 8.1 8.0 | 8.3 | 8.4 | 8.k | 8.
Exch, Na meq % 0.1 | 0,1 | 0.4 0.9 1,0
Exoh, K meq % 0.4 | 0.5 | 0.6 0.7 0.8
Exch, Mg meq % 13 | 1.7 | 2.4 346 4.0
Exch, Ca meq % 21,0 127.7 |43.5 L5e7 | 375
TES, meq/100 g ¢ 22,8 |30.0 |46.9 50.9 43.3
CEC meq/100 g 25,2 |23.8 22,9 26.9 28,0
Base saturation % 90 |{>100 {>100 >100 >100
% org. C 0.d.s. 92 { W4 | 28 19 10 10

Mechanical analysis
2 000 /u - 200 /u 9111 8 8 7 5
200 /u - 50 /u 27 | 23 22 19 17 17
50 /u - 20 /u 18 | 14 1L 15 13 16
20 /u - 2 /u 10 10 12 12 12 12
2 u 36 | 42 | W | W6 50 50
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APPENDIX.  ABEREVIATIONS USED ON
SOIL PROFILE DESCRIPTION CARDS.

Phe abbreviations used on soil profile description cards are listed below.
A blank card is included for reference.

° Not present ar not recorded.
Colour Munsell notations,
Other colours Contrast
£t faint

di distinct
pr prominent

Texture By bouldery c clay
st stony si silt
Gra gravelly L loam
Gri gritty FS fine sand
Py peaty CS coarse sand
My mucky S sand
Bst  bouldery/stony E  humic’
oth other
Structure vww very weak vf very fine er crumb
w weak 4 fine gr granular
n moderate m medium sab sub angular
_ blocky.
8 stony ] coarse ab angular blocky
vs very strong vc wery coarse pr prismatic
col columnar
pl platy
simple simple
comp compound
trans. transitional
Srans/ transitional downwards.
down
Moisture dry dry
sm slightly moist
» moist
m very moist
v wet,
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Consistence

E3"B8¢%

cenmn,
wk
stg.

Roots fib

Voids pl

tub

Mineral grains. Ind

Bee

Ca/Mg
Stones . rmd
irreg

tadb
comb,

Cutans wk
mod

stg

Other concentrations.

loose
soft

1o

slightly hard t

hard
very hard

via

extremely hard x fm

comp,

slightly sticky 8

sticky

pl

very sticky v

cementation

weak
strong

indurated

fibrous

woody

planar
tubular

indeterminate

quartz

ferromagnesian

mica
félspar

Caleium/magnesivm.

rounded

sub rounded
irregular

angular
tabular
combined

weak
moderate
strong

soft
n khd

hd
v hd

m

~ inh, come,
gs
Ind

v face
h face

sof¢
Moderately hard
hard

very hard,
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loose

very friable
friable

firm

very firm
extremely firm
compact

8lightly plastie
plastic
very plastic

parent material
inherited conecretion
quartz

indeterminate

vertical ped face
horizontal ped face




clay

Mn0

5i0

Carb,

Gyp.

80l salt

160

clay
sesquioxidic
manganiferous
siliceous
carbonate
gypsiferous

soluble salts,
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