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PART. 1, LINIROD UCL LtUN

A, PURPOSH

1'his survey was carried out for the purpose oi
investigating the soils oi the plains in the Flateau
and Benue Provinces north of the Benue and determining
the extent dand distribution of" the Soil types cncountered,
SO0 as to obtain fundamental cdata ior assessing 8Cil
capabilities and land use, “The work is part oi the
reconnaissance soill survey programme beilng unaertaken

‘throughout the northern states of Nigeria.

B, PrRHYVIOWW WORK

Glayton (1955) carried out an ecological survey orf
the Lowlands kxperimental Farm, sited within the surveyed
area, wWith the aim of correlating vegetation communities
with known soil tyﬁes. He extended this correlation to
adjacent areas, making use of aerial photographs.
Tomlinson (unpublished report) investigated the soils of
the Basement Complex located to the north of the area
while Pullan (unpublished report) made a survey of the

area soutn of the surveyed area and the Benue,

C.e LOCATION AND FEXIPHRNT

The location of the area is shown in Map 1. An
all-season road connects Shendam, the most imporitant town
in the area, with Yelwa, Langtang, &and Wase, A dry-season
road links Yelwa with the north bank of the Benue opposite
Ibi., Secondary roads interconnect the resettlement
villages in the area (Map 2). The distance t'rom Yelwa to

Jos, the nearest large town is 120 miles,
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The surveyed area covers the greater part of Sheet
212 (Shendam) and a part of $heet 191 (Wase) and Sheet

235 (Ibi) north of the River Benue.

D, DSTARH

'he survey was carried out in 1964 by two senior
officers of the Soil Survey Section, Messrs., F,H.
Hildebrand and J. Valette, assisted by 14 members orf
the technical starff of the Soil Survey Section, Both
off'icers and three members of the technical stail arrived
at Yelwa on 9th of February while ihe rest oi the tean
arrived on l?thﬁFebruary. A labour force varying obetween
12 to 22 labourers were recruited at successive base

camps wWhich were set up at tne rolliowing sites:

Mr, J, valette Mr, I,H. Hildebrand
9/ 2=7/% Yelwa 9/2-L4/3 Yelwa
8/ 3-21/3 Lakushi Makat L/ 3-31/% Mabudi
22/ 3=9/ Gerkawa 1/4-7/4 Karkashi
10/ 3-18/L Wase 8/ 4=12/1 Kuka
19/4=-2L/Y Yelwa 13/4-19/l Shencanm

20/ u-2L/ )y Gannu

To speed up the survey, 4 technical staf'f were adoed
to the team by early April. '[‘he team was pack in Samaru

on the 26th of the same month,

PART II.  THE PHYSICAL KNVIRONMIENI

A, CLIMATHE
Rainf'all aata of stations within the area and those

surrounding it are presented in Table 1., rom these



Table 1: Mean monthly rainfall in Survey Area

Records based on at least five years data from each station

: ‘ J | Total
Station Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. e
Langtang 0.010.14|0.72 | 1.98 | 4.66 |4.78 |5.92| 838 | 7.83 | 3.78 | 0.17 | 0.20 | 38.57 | 910
Pankshin 0.00]0.05]0.60 | 2.11 | 4.30|5.35]7.57]10.68 | 8.89 | 2.70 | 0.30 | 0.05 | 42.60 | 1,080
Wadata 0.00]0.17 | 0.61 | 3.25 | 439 [ 7.05|6.34| 8.53 | 9.20 | 3.49 | 0.68 | 0.17 | 43.88 | 1,110

Yelwa Insahar | 0.00 | 0.00 | 0.76 | 2.67 | 5.43 | 8.22 [4.83 | 7.85 | 7.62 | 5.01 | 0.14 | 0.00 | 42.53 | 1,050
Shendam D.O. | 0.01 |0.12 | 0.62 | 2.87 | 5.84 [ 7.37 | 7.29 | 8.83 | 9.87 | 496 | 0.31 | 0.02 | 48.11 | 1,220
Sabon Gida | 0.00|0.00 [ 0.99 | 2.49 | 5.63 | 7.30 | 5.09 | 7.88 | 9.17 | 4.88 | 0.4 | 0.00 | 43.17 | 1,100
Lakushi Makat | 0.00 [ 0.04 | 0.76 | 3.72 | 5.06 | 7.01 | 6.20 | 9.11 | 9.49 | 4.19 | 0.25 | 0.10 | 45.93 | 1,160
Ibi Met. 0.05]0.19|1.17 | 3.52 | 6.48 | 7.18 | 5.47 | 6.31 | 8.66 | 5.42 | 0.42 | 0.19 | 45.06 | 1,140
Altitude Latitude Longitude Length of dry season
ft metres
Langtang - - 9.45° 9.45° )
Pankshin - - 9.20° 9.25° )
Wadata 600 183 8.45° 10.00° )
Yelwa Insahar 750 230 8.50° 9.37° ) 5 months
Shendam D.O. 800 245 8.54° 9.28° )
Sabon Gida 550 168 8.40° 9.42° )
Lakushi Makat 500 152 8.35° 9.33° ) See Map 1 for location
Ibi Met. 363 111 8.11° 9.45° ) of stations




records may be inferreda that the annual raini'ali is about

40 in. (1,040 mm) in the north and 45 in. (1,140 mm) in

the south of the surveyed area,

i'he climate in the area is characteriscd by a
single rainy season, which starts in April and ends in
October and by high temperatures before the rains and

a8 high humidity during a large part ot the year,

B. GHOLOGY

The surveyed area is a part of the Benue Valley,
which consists of broad and low platforms between LOC
and 600 ft, These border the northern and southern
escarpments which rise to upland plateauX at altitudes
varying between 1,500 and 1,600 ft., The river is free
from rapids and;waterfalls wnich is due to the fact

that it mainly flows over sedimentary rocks (Grove, 19

1he surveyed area 1is underlain py sedimenitary
rociks., “he northern boundary coincides with the
geological boundary between the sanastones ana the
rocks of the Basement Complex. It crosses the road
from Shendam to Yelwa approximately halfway and runs
in BW-NE direction, while slightly bending northwardas,
No geological information of the area is available ana

ref'erence is made to the recent investigations of' the

comparable sandstone area between Gombe ana J.au, located

to the east of the surveyee area and extendaling intc the

latter, 'i'he sandstones underlying the surveyed area
belong to the group of Bima Sandstones and Carter and

al, (196%) explain their f'ormation as follows:
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"Sedimentation started late i1in the Upper Cretaceous,
t'he olaest sirata are a thick and widespread series of
continental grits, sandstones and clays terumed tie Bima
Seandstone which were laid down on an uneven suriace oi
basement rocks and attained great thickness, especilally
in the Benue valley. karine shales occur in the lower
part of the formation, A widespread, shallow, marine
trénsgression occurred during ‘'uronian times,; which per-
sisted until the Maestrichtian, ‘whese marine conditions
graduvally gave way to deltaic and estuarine environments
in which the Gombe Sandstone was deposited, A period of
folding followed, resulting in the development of great
anticlinal structures in the Cretaceous rocks. Sedimentation
comnenced in the Paleocene, ‘I'ne lowest mexnpers ¢ the
resistant grits and sandstones of the duravle rocks of the
Bima Sandstone forms the cores of the anticlines, while
the overlying less resistant marine sediments are preserved
in the synclinal throughs., In the early eocene intensive
erosion oi' the land surface occurred resulting in the
complete denudation oi the Cretaceous Sedimznts over large
areas, During the end-iertiairy a turther uplif't resulted
in the sea and land levels which are found at present,

The change in base level lead to the rejuvenation of
rivers flowing into the sea such as the Benue," A
simplifiied geological succession is shown below (Carter
et al, 1963): .

Upper Cretaceous Gombe Sandstone

Marine }ormations
Bima Sandstone

Low Palaeozoic to
Pre-Cambrian crystalline Rasement
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The sandstones were presumably derived from granitic
terrain, constituting the crystalline basement ncrtir of
the area surveyed., Cross-bedding is a ubiguitous
feature of these sandstones, revealing iluviatile of

deltaic conditions during the deposition.

C. GEOMORPHOILOGY

The present landform is the result of many cycles
of erosion and deposition which were lately accelerated

by man's activities.

The sandstone rocks are more resistant than the
shales and, wherever the latter occurs intercalated with
the sandstones, gully erosion starts first on the shale

bands giving rise to a parallel drainage pattern,

e
Surface and sub-surface lateritic ironpan which
are of wide occurrence normally occur in situ in two

situations, ‘“1his was also observed by Jones in Sokoto,

(1948).

(1) As cappings on hills

(2) As sheets on a plain,

Whenever blocks and or boulders of ironpan occur
on hillsides or on level ground they are derived irom

higher lying areas or are remnants of an ancient ironpan,

A lateritic ironpan 1s best developed in shales and
its development 1s promoted by the presence of' an almost
impermeable soil horizon situated not far below the soil
surtage, It will hold up the rainwater and retain it for
sometime, Whenever this lateritic ironpan appears at the

surface it retards erosion of the underlying rock (Jones,



1948)., The lateritic ironstone, which was formed on

the soi'ter shales, originally occupied the lower lying
parts of the terrain, In the process of landscape
formation the resistant laterite capped shales become
relatively elevated as compared with the surrounding
less resistant sandstones (landscape inversion). In

the case that the laterite-~capped shales occupy a lower
lying area (depression or valley bottom) the soils,
overlying or accumulating on them from higher lying areas,
tend to be carried away by accumulating run-oii water as
it unaole vo penetrate into the subsoil, Consequently
the soils on the adjacent hillslopes become siiallower to
the valleys in conirast to the so0lls on sancstonss wnich

increase in depth towards the streams,

The occurrence of laterite capped hills and
slightly elevated tablelands at concordant levels suzgest
that these are tne remnants of an old erosion surface
formed at an altitude ot 350 It in the south and rising
to an altitude of approximately 6800 ft in tnhe nortn of
the area, '1'he landscape consisting of laterite capped
hills and underliain by shales tend to be hilly. Undulating
and level plains constitute the landscape consisting of

Soils over shales and underlain by secondary ironstone,

The surveyed area comprises two landscape regions:

I'hey are:-
3 ‘ - . -
Escarpment Region (E) - +vhis consists of isolated
hills and groups oi hillis in the north and west of

ths surveyed area,

Lowland Plain Region (L) - 'rhis consists of

undulating or rolling terraina nd occasionally



hiily terrain,

Floodplain Region (k) - T'nis consists ol level

terrain comprising the I'loodplains ane cerraces

along the main rivers, DbDepressions along sireams

are not incluaed,

The present survey 1s mainly ooncerned with tne
Lowland Plain region, 1t 1s subdivided into tnree Land
systems, ‘'I'heir location and extent are illustrated in

wan 5.

LOWLAND PLALN REGION (L)

Gerkawa Landsystem (LGe) - In the north aof tThe

surveyed area, Rolling ana somewnat nilly terrain
underlain by coarse grained sandstones, A number of
volicanic plugs rise sharply irom the plains, Altitudes

vary ovetween 750 and 850 f't,

liabuai Landsystem (Lka) - 1n the centre coi the

surveyed area, Undulating to 1lat, but sometines broxen
and somewhat hilly terrain with low scarps, mainliy
underlain by shales, Altitudes vary between 0650 and

750 1t.

rajul Landsystem (ILka) = In the south of the

surveyed area, Undulating to rolling and occasionally
proken terrain underlain by iine ana medium sanustones
alternated by shales bands. Altitudes vary between 350

ana 650 1v,

¥ ‘he germs uscd In whis-repeht @Ere explained in
Appendix A,



D. WArER RESOURCHS

'ne main rivers rising in the northern nighlands,
tnat 1s, the Wap, Shemankar and wase cross the area and
stleam in approXimately soutnerly direcq}on. 'ne Vlase 1is
seasonal and both others are perennial which is probably

due to seepage from the Panyam basalts near the source,

mO0st parts or the area suffer froi an acute snortage
of' water caused by the seasonal nature oif the rainfall.
Scarcity of water may be one of' the main reasons ror
hampering the agricultural development o' the area, In
most cases water is obtained from tanks buila on low sites
near the villages and which filled up during the rainy

season,

It was noticed that villages near the i/ase obtained
their water by digging holes to a depth of 2 to 5 £t in
the dry coarse sandy riverbed, It therefore seems that
even in the ary season a sub-surface f'low is maintained.
Vells were sunk to provide the villages with water, but
many oi the wells fail during the dry sceason. No information
is available on groundwater in the area, The Bima Sand-
stones are known 10 possess considerable unconfined ground-

water reservoirs,

PART. _I11, SOILS

A, S01L ULASSIFICATION

The soils encountered in the area belong to three
classes, that is, Raw Mineral Soils, Weakly Developed

Soils, Ferruginous Tropical Soils and Hydromorphic Soils.
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Hach of these classes comprises one or more sub-classes,

as shown in the legenda of d'Hoore (Appendix 3).

Raw lineral Soils (1)%

Subclass: Ferruginous cuirasses (la, ii,).

Subclass: Rocks, not differentiated (1la, iii).

Wjeakly Developed Soils (2)

Soils with very weak ditf'ferentiation oI genetic
horizons containing coarse elements and naving solia rock
within 12 in, deptnh.

Subclass: Lithosols on ferruginous crusts (2a, iii,).
Subclass: Juvenile 80ils on riverine and lacustrine

alluvium (2a, iil).

Ferrugzinous Tropical Soils (8)

Soils with an ABC prorile of which some have an A2
horizon and a textural B horizon showing blocky or weakly
prismatic structure, Separation of iron oxides 1is
indicated by mottling and concretions. Base saturation

of the B horizon is higher than 40 per cent.

Subclass: Ierruginous tropical soils on sandy

parent materials (8, i).

Hydromorphic Soils (12)

To this class belong all soils that have aeveloped
under conditions ot a varying degree of wetness, which

may be permanent or seasonal. The soils show marked

+ HNumerals rerer to d'Hoore's legend (Appendix B)
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evidence of water logging in the form oi mottles ana

gleying around roots and root channels.

Subclass: Mineral Hydromorphic Soils (12, i..

In the following discussion the main attention will
be given to the Ferruginous Tropical Soils, *“he Raw
Mineral Soils and Weakly Developed Soils have little
signii'icance for farming and they are theref'ore only
briefly mentioned, Mineral Hydromorphic Soils and
Juvenile Soils are locally of wide occurrence, They will

not be discussed,

PHIE SOIL ASSOCIATION
1'he soil pattern consisting of geographically

associated soil series forms tne soil association, which
is the mapping unit employed in the survey. ‘he location
and extent of each soil association is illustrated in Map
L}, and the series relationships within them are shown by
the topographical cross-sections in Fig., 1, 2 and 3. The
soil associations boundaries have been found to correspond
with those of the Land Systems., The soll associations are

discussed in Chapter IIIC.

THE SOIL SuRIES

The series constitutes the lowest level of classi-
fication used in tinis report. The pedogenetic factors
that have been selected in defining the series are in
order of decreasing importance: Soil aeptn, texture,

colour and mottling.

"a) Soil depth is defined as the depth of the soil

to bedrock or any otnhner strongly contrasting non-contorming
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rock material, including strongly cemented or indurated

lateritic ironpan.

The following soil aepth classes have been adopited:-

(a) 0-12 in, very shallow
(b) 12-36 -in, shallow

(c¢) 36-60 in., deep

(d) > 60 in. very deep

b) ‘“wexture is defined according to the International

System of Classir'ication,

c) Soil colour and Mottling to a certain measure

reflect the drainage condition of the soil. An increase
in grayish colours is usually accompanied by a tendency
towards poorer drainage conditions and an increase in
mottling. Soil colour and mottling are def'ined according

to the Munsell Soil Colour Chart.

In the series definition soil texture and colour
ref'er to the subsolum, that is, the body of soil between
the topsoil and bedrock or any other non conforming rocx
material, The texture o the very decep soils in wnich
the underlying rock material or ironpan lices well below
60 in, of the surface, is commonly taxen as the part of
the subsolum with the highest clay content, normally
occurring betweeﬂ 2 and 5 ft of the surface, The soil
series are described under the soil associations

(Chapter IIIC).

B. THE SOILS
Deep and very deep well drained soils are common on

the coarse sandstones, Very shallow soils occur on nill-
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top5:and around the larger villages. The soiis of the
shales and fine sandstones tend to be shallow, Deep and
very deep moderately mottled and concretionary soil may
occur on lower and bottom pediments., They are partly
f'ormed by erosion and deposition from higher 1yifg &reas,
Very deep soils occur on level terrain in the east of the
surveyed area, The solum of the soils other than the very
deep soils overlies moderately to strongly cemented
lateritic ironpan or ferruginised weathering rock. The

same material probably underlies the very deep soils,.

Because erosion has aftected most of the soils they
tend to show a variation in texture over short distances,
The soil texture as given in the series definition has
therefore an average value, This in particular applies
to the very shallow and shallow soils. The series are
described in the following Chapter, A summary of the more

important properties is given in Table 24

C. THE SQ0IL MAP

Prior to entering into the field an air photo inter-
pretation was made of the area to be surveyed. The drain-
age pattern, major soil boundafies and other important
features were indicated on the aerial photographs and
transferred to a 1:100,000 standard sheet map. AS no map
of the area south of the Shendam sheet was avallable, a
base map was constructed Ifrom aerial photographs., Both
maps were reduced to a scale of 1:250,000, Iiost oI the
main and secondary roads were levelled and augered at
convenient intervals and pits were dug at representative

sitves,



‘aplie <: _Summary of main series characteristics.
ik ' ! i 1 E ! i
Series Name ‘@ Phases ; Depth Colour ! Yexture i Mott, ! CmS ; B
% (YR) | ; .
gerkawa Associacion - coarse to rine sand ratio is 3:1 g
Kadi G very shallow : 5/7.5 | sandy loam to sand - t 25 % 850
¥a$h; N shallow b//.b i sandy loam 20 l 30 § 50
Kufai N deep 5% 7.5 | loamy sand 1A 35 i 50
Gerkawa N very deep 5/ (.b i loamy sand 14 35 . 60
Dongwan I yery Gcep 10 | sandy clay loam to sandy loam 20 50 / 60
Mabudi and Karkasni Associations - coarse to r'ine sand ratio is about 1:1 ! 1
Chakai GG very shallow | 7.5/10 | sandy loam to sandy clay loam | - ; -
‘ralbut GG shallow i 10 | clay loam to loam VO3 jo . 60
Angwan G deep ¢ 10 g sandy clay to sandy clay loam  £C 35 ! 40
Wali G very deep i 5/ (.b | loamy sand 20 5 i up
Lintun N very dee i 5 { sandy clay 24 B - 5B
Wase N very deep | 2.5/5 | sandy c lay loam to sandy loam 2C 15 ¢+ 80
| Karkashi Association - coarse to rine sand ratio is 1l:3 to 1l:/ j
i
Kada G very shallow 10 { loamy sand - - i -
Bolgan NG ‘ shallow 10 2 loamy sand to sandy loam 20 00 : H0
Kuika . N i deep 10 § sandy clay loam e 30 |} 50
Karkashi N Z very deep 10 i sandy clay loam to sandy 1o;m 1o 40 i 50
; : R oo e s et ey S B SAA A  D et !
Mott: liottles 1., bSligntly mottled, 2, iioderately mottled, 5. oStrongly mottled,
A Below 3 I't. B: Below 2 ft, C: Below 6-1¢ in, oi tvnhe suriace,
(748 : goarse to 1'ine sand ratio,
CEC : cation kxchange vapability in meq/ 100 g clay.
Bs 5 Base saturation Fercentage,
ENLC @ rorthern iligeria [and vapability olasses (rable 3).

lvs
liis
1raw
Liw

1Iw

lvs
Llls
lle
11w

U UGPSR ———




Table 2 (contd,):

Sumnary of main series characteristics.

Phase Symbols

N

GG

G

-

normal

very gravelly

gravelly

no gravel or stones

commen or many gravels
within 1<. in, off the surilace

common ¥ many gravels
from 12-36 in,
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The soil association is the mapping unit used in this
report. A subdivision into soil consociations is accepted,
The following soil associations and soil consociations

have been recognised. They are shown in map L.

Gerkawa Association Ge
Mabudi Association Ma
Mabu Consociation Maa
Budi Consociation Mab

~ Karkashi Association Ka
Karka Consociation Kaa
Kashi Consociation Kab
Dutse Association Du
Benue Association Be

The Dutse and Benue Associations, corresponding with
respectively the Escarpment Region and the Floodplain
Region, and consisting of Raw Mineral Soils and Hydro-

morphic Soils will not further be discussed.

A description of the soil associations and the
definition of the series within each d the associations

is given below,

The Gerkawa Association

Highly cultivated, rolling and occasionally hilly
terrain, On hilltops erosion has stripped oif the solun,
leaving a thin layer of concretionary material overlying
strongly cemented lateritic ironpan, 7The solls have a
coarse sandy texture, Coarse sand to fine sand ratio
is about 3:1. They are normally well drained and tend
TO0 be deep., 1In the western part of the association tne

terrain becomes somewhat more level ana tiie soils more
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snallow, kost of tne older villages are located in thnis
association, A schematic cross-section of the Gerkawa

Association is given in Fig., 1.

Kadi Series
Very shallow, grey, sandy loam to sandy lithosol

overlying lateritic ironpan on coarse sandstone,

The series occurs on slightly rounded and rounded

hilltops. Average depth of the solum is 10 in,

Yashi Series

Shallow, reddish yellow to light brown (5/7.5 YR)
sandy losm Ferruginous Tropical Soil, moderately
mottled below one oot of the surface and overlying
strongly cemented lateritic ironpan and/or ferruginised

weathered coarse sandstone,

The series normally occurs on upper miaale and

upper slopes, Average depth of the solum is 30 in,

Kufai Series

beep, reddish brown to light brown (5/7.5 YR),
Ferruginous Tropical Soil with loamy sand texture and
slightly mottled below three feet of the surface, over-
lying strongly cemented lateritic ironpan and/or ferru-

ginised weathered coarse sandstone,
The series mainly occurs on middle slopes., Average

depth is 50 in,

Gerkawa Series

Very deep, reddish brown to yellowisn red (5/7.5 YR)
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Ferruginous Tropical Soil with loamy sand texture and

slightly mottled below 3 ft of the surface,

The series occurs mainly on lower slopes, but may
also occupy level hilltops where erosion is negligible
and drainage is somewhat impeded, Average thickness is

70 in,

Dongwan Series
Very deep, light grey to pale brown (10 YR), sanay
clay loam to sandy loam Ferruginous Tropical Soil

moderately mottled below one foot of the surface,

The series occurs mainly on bottom slopes and the
flatter parts of the area bordering rivers, Average

thickness of the solum is 60 in.

‘"he Mabudi Association

Moderately cultivated, undulating to ilat, but
sometimes broken and hilly terrain underlain by shales
and intercalated with fine sandstones. The solum of the
soils formed on the shales overly variably cemented and
strongly mottled lateritic ironpan. The solumn of those
formed on fine sandstones normally overly strbngly I'erru~

ginised and hardened weathered rock,

On the whole the soils of this association have a
fine texture, but the sandy nature seems to increase to
the east, T1ey tend to be shallow and the solwa usually
containsg various amounts of gravel which often consists
oi concretionary material. Because of the shallow nature
of the soils they are particularly vulnerable to sheet

erosion as the difficulf% permeable sub-soil holds up the
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water leading to a rapid saturation of the solum. Xkxcess
rainwater then tends to flow at the surface carrying soil

particles with it.

Deep and very deep soils normally occur on lower and
bottom slopes of pediments which slope away irom slightly
elevated table lands and other higher lying terrain,

Coarse to fine sand ratio is about 1l:1.

In the northeast the Mabudi Association borders on
the Basement Complex, A schematic cross-section of the

Mabudi Association is given in Fig, 2,

The t'ollowing series have been recognised: C(hakai,
Talbut, Angwan, Wali, Timfun and Wase. Tneir relation-
ship within the association is shown schematically in

Fig. 2,

Chakai Series (very gravelly phase)
Very shallow, brown to yellowish brown (7.5/10 YR)
clay to sandy c lay loam lithosol overlying strongly

cemented lateritic ironpan on shales,

The series occurs on slightly rounded hilltops or

ridge crests or level terrain,

Talbut Series (very gravelly phase)

Shallow, yellowish to pale brown (10 YR) clay loam
to loam Ferruginous Tropical So0lil strongly riottied belov
one foot of the surface and overlying strongly cemented

lateritic ironpan on shales,

The series occurs on upper slopes, ‘Ihe depth of

the solum is very variable,
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Lngwan Series ' (gravelly phase)

Deep, very pale brown (10 YR) sandy clay to sandy
ciay loam Ferruginous Tropical Soil moderately ﬁottled
below one foot of the surface and overlying moderately

cemented lateritic ironpan over shales,

The series occurs mainly on middle slopes.,

Wali Series (gravelly phase)
Very deep, reddish yellow (5/7.5 YR) loamy sand
Ferruginous Tropical Soil moderately mottled below one

foot of tne surface and overlying shales,

The series occurs on lower middle, lower and bottom
slopes., It is mainly formed by erosion and deposition
of sandy material from higher lying areas and elimination

of the finer material,

Timfun Series (normal phase)

Very deep, yellowish rea to redaish yeliow (5 YR),
sandy clay Ferruginous Tropical Soil moderately mottled
below 3 ft of the surface, overlying shales or fine sand-

stones,

The series occurs on almost level terrain.

Wase Series (normal phase)
Very deep, reddish brown (2,5/5 YR) sandy clay loam
to sandy loam Ferruginous Tropical Soll moderately motiled

below one foot of the surface and overlying If'ine sandstones.

The series occurs mainly on level or gently sloping

terrain,
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The Mabuoi Association is subdivided into two conso-
ciations., Their dirt'erentiation is based on the series

distribution within each consociation.

Mabu Consociation (Maa)

Moderately cultivated, undaulating and occasionally
hilly terrain, This consociation is presunedly a transi-
tion between the soils formed on coarse sandastones in tne
north and those Tormed on shales and fine sanusiones in
the south of the surveyed area, West of the River VWease
the soils are predominently formed on shales and fine
sandstones, whereas the amount of coarse material in the

solls tend to increase to the east,

Very shallow and shallow soils (Chakai, Talbut Series)
predominate in the west oi the consociation, Deep soils
(Angwan Series) may occur in the moderately sloping area
west of the River Wase, while very deep soils (VWase Series)
seem to be common in the east of this river, where the

terrain tendsto be level,

Budi Consociation (Mab)
Moderately cultivated, undulating to level terrain
overlying shales mainly. T1he amount of fine san@ymaterial

in the soils tend to increase to the east,

Deep and very deep strongly mottled soils occur in the
western part of the sub-unit (Lngwan, Wali Series); the
central part and the part east or the River Wase consist
mainly of very s hallow and shallow soils (Chakai, Talbut
Series), Very deep, slightly mottled and well drained soils
over incipient lateritic ironpan (Timfun Series) were found

in the Talgwan-Timfun~Dadin Kowa area avbout northeast cf
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Mabudi., *The sandy feeling and red colour of these soils
is presumably due to the aggregation and binding of the
clay particles by iron compounds (pseudo-sand formation)
which aissolved from the old and more extended erosion

surf'ace of which at present only parts are left, These

occur as "floating' boulders in the upper soil.

The Karkkashl Association

Undulating to rolling and occasionally hilly terrain

underliain by fine sanastones intercalatea with shale bands,

The soils of this association have a fine sandy
texture, Coarse to fine sand ratio varies between 1:3
and 1:7, The soils tend to be snallow and tne solum
normally overlies varilably rerruginised and nardened

weathering rock or lateritic ironpan,

Parts or the associavion is occupied by soils formed
on clayey material., The clayey nature of these soils may
be due to dirTerential erosion along planes of wWeakness
in the parent material, whereby the clay content in the
soilé is increased, giving it a heavier consistence and
thus making it comparable in characteristics to soils
formed on shales, ‘1he solum, Which contains a fair amount
of iron concretions, is moderately mottled and it is
normally underlain by a weakly to moderately cemented

lateritic ironpan,

adl
The following series have been recognised: Yemihi,

Bolgan, Kuka and Karkashi, Their relationship within the

association is shown schematically in ¥Pig, 3.

Xadi Series (gravelly phase)

Very shallow, pale brown to yellowish brown (10 YR)
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loamy sand lithosol overlying Iferruginised i'ine sand-

stone and/or strongly cemented lateritic ironpan,

The series occurs on hilltops and streccnes Oi' 1ow
lying areas underlain by shales or it occupies level

areas where the soill 1s enriched in clayey material.

Bolgan Series (normal and gravelly phases)

Shallow, pale brown to yellowish orown (10 YR) loamy
sand to sandy loam Ferruginous ‘‘ropical $oil moaerately
mottled below one oot of the surface and overlying ferru-
ginised fine sanastone and/or strongly cemented lateritic

ironpan.

The series normally occul's on Upper and middle slopes,

Kuka Series (normal phase)

Deep, pale brown to grey brown (10 YR) sandy clay
loam Ferruginous Tropical Soil moderately mottled below
one T'oot of the surface and overlying ferruginised r'ine

sandstones and/or moderately cemented lateritic ironpan,

The series occurs on middle and lower slopes but

may also OoCCupy upper slopes or level areas,

Karkashi Series (normal phase)

Very deep, pale brown to pinkish brown (10 YR) sandy
clay loam to sandy loam Ferruginous Tropical Soil slightly
mottled below one foot of the surface and overlying ferru-
ginised fine sandstone and/or moderately cemented lateritic

ironpan,

The series normally occurs on lower and bottom slopes,



but may also occupy hilltops. East of the River Wase in

Vladata area it occurs on level terrain.

Within the Karkashi Association two consocisations
have been recognised, A schematic cross-gscction ol this

eassociation is shown in Fig. 3.

Karka Consociation (Xaa)

Level to undulating terrain with very shallow and
shallow soils (Kadi, Bolgan Series) over fine sanéstones.
Deep and very deep soils (Iuka, Karkashi series) occur

in the northeastern part of the consociation.

Kashi Consociation (Kab)

Rolling and somewhat dissected terrain with pre-
dominantly very shallow and shallow soils (Chakai, Talbut
Series) on fine sandstones with a higher amount of fine
(clay) material than in the soils of Consociation Kaa,
Deep soils occupy small patches of more level terrain

(Angwan Series not indicated in Fig. 3).

PART TV, PRESENT AND PROPOSED LAKD USE

A. PRESENT LAND USE

The Gerkawa Association, of which the soills tena to
be very deep, is intensively cultivated and most of the
old villages are therefore located in the northern part
oI the area, whereas the newer villages were set up on
the shales (labudi Association) as these appear to be
more fertile than the fine sandstone sbvils furtner te the

south (Karkashi &ssociation), which are practically un-
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inhabitated. The reason may be due to historical factors,
sucn as the expansion or the Jukun kmpire and that of' the
Pulani during the last century. Further obstacles to
resettlement are the density of the savamma woodland, the
large areas of wet season land and the scarcity o1t water
during the dry season (Grove, 19 ). <he locel movement
of people from the over populated arecas in the highleand
north of the surveyed area to the plains has ih recent
years caused shifting cultivation in the plains reswlting
in so0il deterioriation s erosion takes place readily
where the natural vegetation is removed to clear the
ground for farming. T'he soils oi' tne Mabudl Lssociation
are moderately cultivated; cultivation is more intense in
the area northeast of labudi where the soils tend to be
very deep. The part of the Fajul Association consisting
of shallow soils on fine sandstones is sliightiy cultivated;
cpltivation secems to increase in the southeast of the area

and in localities where the soils are somewhat heavier and

decper,

In the surveyed area the Shendam Agricultural
Development and Resettlement Scheme is situated, The

objects of the scheme are:

a) To save, by the establishment of clemrly defined
Fescttlement arcem, the lakgse Ie€rtile pgXpanses of
uninhavited land, that lie in the Southern part
of this Division, and to prevent uncontrclled
immigration, with its resultant shifting culti-

vation.,

b) To settle within these areas, familiés from the

escarpment and hill lands, where tne fertility
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of the soil is low, and where the e¢xisting
S Lass

popwlation are finding it increasingly d¢.ifficult

to maintain a minimum standard oif living.'

c) ‘1o encourage, and if necessary to enforce,
improved agricultural practice, such as rotation
of crops, mixed farming and soil conservation,

etics

’he scheme was started in 1946 by Lowland Division
Native Authority, ard was established as Northern Hegion
Development Corporation Project in 1950, which provided

funds for the development of the scheme,

The scheme has included the construction of a new
road system which is connected with the Jos road, In the
Shemankar and Ajikemal river valley small scale experi-

ments in mechanical rice production are being carried out.

Associated with the resettlement scheme is the Low-
lands Experimental ¥arm, which lies 18 miles south of

Shendam and 10 miles south of Yelwa,

B. SOIL CAPABILITIES

To assess soll capabilities a system of capability
classifiication is used which is based upon tiie United
States Department of Agriculture Soil Conservaition Systen
&na adjusted to Ghanian environments, The figures
indicating the capability classes in Table 3 (column 5)
ref'er to the proposed land capability classiricafion now
in use in Northern Nigeria and shown in Table i, “The
rigures showing the percentage of each of the associations
covered by the constituent series must be regarded as very

approximate,



Table 3: Soil associations and capability classes of constituent series

Association Capabilit Percentage
and Parent Rock. Land Form Constituent Series P y of Topographic Position
o Classes 5 o
Consociation Association
Gerkawa (Ge) | coarse sandstone rolling Kadi IVs 15 Rounded hilltops and ridge
crests
Yashi [1le 15 Upper-middle and upper slopes
Middle slopes
Kufai Ile 20 Lower slopes, level hill-tops
Gerkawa I ) Bottom Slopes
Dongwan I ) 50
Mabudi (Ma) mainly shales, undulating Chakai IVs 10 Slightly rounded or level
Mabu (Maa) sandier to east terrain
Talbut lIs 60 Upper slopes
Angwan Iw 20 Middle slopes
Wase [Iw 10 Level or gently sloping terrain
Budi (Mab) Shales and free undulating to Chakai IVs 10 Slightly rounded or level
sandstone, more level terrain
course sand to Talbut IIIs 40 Upper slopes
east Angwan IIw 30 Middle slopes
Wali Iw 10 Middle and lower slopes
Tunfun I 10 Level terrain
Karkashi (Ka) | fine sandstones level to Kadi IVs 70 Hilltops and level terrain
Karka (Kaa) undulating Bolgan IIls 10 Upper and middles slopes
terrain Kuka Ile 10 Middle and lower slopes, but
also on level terrain
Karkashi ITw 10 Lower and bottom slopes, but
also on level terrain
Kashi (Kab) fine sandstones rolling terrain Chakai IVs 30 Round hilltops and ridge crests
and shales somewhat Upper slopes
dissected Talbut IIIs 50 Middle and lower slopes
Angwan IIw 20 ]




C. PROPOSED LAND USE

Natural erosion which maintains a balance between
weathering, erosion and deposition, is tne main |
contributary factor in building up the soil., In contrast
soll erosion or accelerated natural erosion is responsible
for removal and deterioration of the soil. With the high
rainfall in the wet season the soil, strippe¢ oi' its
.vegetation and often cultivated, is particularly sensitive
to erosion and when accelerated to excess erosion can
destroy in a single season an area o which The solum has
taken a long time to build up, An understanding o1 soil
erosion processes is therefore important in socund land

use planning.

The most important dinternal flactor promoting soil
erosion is the Tormation of an impermeable layer in the
soil, Depending on its depth below the so0il suriace it
will prevent rainwater from penetrating into the deeper
layers of' the soil., Excess rainwater tend to Ilow at the
surface carrying soil particle with it. Once this is
started it proceeds with increasing rapidity and eventually
the land is replaced by a bare surface, Rainfall is an
external factor and its effect consists of beating and
loosening the soil. Both these factors, single but mostly
is combination, lead to the loss of fertility and structure
of the soil. Maintaining these would therefore consist
of measures to protect the soil against raindrop impact
and preventing the formation of an impermeable layer in
the soil., The former would include mulching, the use of
organic manure and cultivation along the contours. <Yhe
prevention of an impermeable layer in the subsoil means

improving subsoil structure. This involves drainage and

(e
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deep cultivation to prevent the formation of' the imper-

meable layer or te break it Tp once-it is Tormed,

The improvement of fallow and the usc oi' livestock
shouwld also be considered, Farming practices which lead
to increased soil erosion like the construction of mounds
shoulda be discouraged and conservation farming techniques
adopted,

On the whole the porous and open texture or the
soils formed on the coarse sandstones {(Gerkawa Association)
are able to adsorb a fair proportion oi' the rainwater and

erosion is theref'ore not making rapid progress,

Fine sandy and silty soils, when deprived of organic
matter, seem particularly prone to pack ané trade (Brian
Wills, 1962). On the shales and fine sandstones culti-
vation has l1ed to gully and sheet erosion and the accumu-
lation of concretionary material in the solum, Because
of the lower permeability o1 these solls greater care is
made in the accurate alignment of drainage {(cor irrigation)
furrows than in the soils on the coarse sandstones (Brian

Wills, 1962).

0. SUMMARY

A soil survey of an area of 2,000 square miles
located south of the Jos Plateau and north oi' the kRiver
Benue, in Plateau and Benue Provinces, was carried out to
aetermine the extent and distribution of the soil types
in order to assess their suitability for agriculturel use,
This area comprises rolling terrain on coarse sandstones
in the north and gently undulating terrain on shales and

fine sandstones in the centre and south.
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The selimentary rocks are reckoned to belong to the
group of' Bima Sandstones, Rainiall varies between 4O in,
(1,040 mm) in the north and 45 in. (1,140 mm) in the

south of the surveyed area,

The soils on the shales are affected by waterlogging
due to a low permeability. T1he colour of these soils is
greyish ana mottling occurs in the lower horizons. Up-
Slope there may be?éccumulation of' coarser material on
account of the finer material being washed away, ‘1lhe soills
have usually been affected by vrocess of lateritisation.

The lateritic horizon is either heavily mottled and contains

variably cemented iron concretions.

The soils Tormed on the shales and Iine sandstones
tend to be shallow and the subsoil normally consists of
a lateritic ironpan or ferruginised weathering rock. The
shallow soils are particularly vulnerable to sheet erosion
as the dirficu1€§ permeable subsoil hold up the water
whereby the solum soon is saturated, Exéess rainwater
tend to flow at the surface carrying soil particles with
it. This process If ones started proceeds with increasing
rapidity and eventually the land is replaced by a bare

surface,

Deep, well drained and slightly mottled soils occur
on the coarse sandstones, Deep and very deep soils occur
in localities further to the south., They are mainly formed
by transport and deposition form higher lying areas, Very
deep, strongly mottled and seasonally inewo=reed soils

occupy the floodplains along the major rivers, These

have not been investigated,
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1he soils have been grouped into tie ciass of

=

Ferruginous Tropical Soils. A tair number oi' samples
however tend to show characteristics of Ferrisols., On the
wvhole the soils on the coarse and I'ine sandstone in the
north of the area are more favourable for farming than
those in the central ana soutnhern part. They are inten-

sively cultivated,

501l erosion is the most important factor leacing to
soll degradation and in view of the increasing populiation
pressure the maintenance of soil T'ertility and structure
is or prime importance, 501l conservation should consist
of'" protecting the soil &against rainarop impacti anwa
preventing the formation of a compacted horizon in the
soil, e.g. by mulching, application of orgenic matter to
improve tiltn, drainage ana deep cultivation to prevent

e

the formation of the impermeable layer or tc break it up

once it has been formed,



Brian Wills, J. 1962. Agriculture and land usc in

Ghana, Ghana Ministry of Food and ‘fgriculture,

garter, J.D.W., Barber, E.,4, PFait and G.r., dones, 1963,
The Geology of parts of Adamawa, Bauchi anc i#ernu

Provinces in North-Eastern iNigeria, Geolog ical

survey of Nigeria, Rulletin No., 30,

Clayton, W.D. #cological survey of Lowlands Lixperimental

Farm, Shendam (unpublished).

d'Hoore, J. 196L, Soil Map of Atfrica, Scale 1:500,000,

=

Publication 93, Commission for Technical Co-operation,

Grove, A.,T. 1952, ILand use and soil conservation on

the Jos Plateau, Geological Survey ol Nigeria,

Bukl sttt e .

A

Grove, A,l', 19b1. Lland use and soil conservation in

parts or Onitsha and Owerri Provinces, Geoliogical

Survey of Nigeria, Bulletin No.

Grove, A.T. TThe Benue Valley. Ministry of Iiatural

Resources, Northern Nigeria.

Jones, B, 194L&. The Sedimentary rocks oi' Sokoto Province.

Geological Survey of Nigeria, Bulletin No., 18.

Pullan, R.&. (unpublished report). A reconnaissance

soil survey of Sheet 253 (Wukari) and the southern

(O

part of Sheet 233 (Ibi), Renue Province, Soil Surv,

Bull., (Samaru) No. 29, Institute for Agricultural

Research, Ahmadu Bello University, Samaru, Zaria,

Northern Wigeria,



Tomlinson, P, R, 1965. ‘he soils of the southeastern

slopes of the Jos Flateau, Soil Surv. Report No. 1.

Institute for Agricultural Research, Ahmadu Bello

University, Samaru, zaria, Northern Nigeria,

okewu/16.3.68,




Lppendix A.

GLOSSARY OF ‘LERMS

Base=-saturation percentage - ‘I'he extent to which the
adsorption complex of a solil is saturated with
exchangeable cations other than hydrogen. It is
expressed as a percentage of the total cation exchange

capacity. 1)*

Erosion cycle - The hypothetical sequence of cnanges
or stages through wWiichh a land suriace would pass
in its reduction to base level by tne process or

soil erosion, 6)

Erosion surface - A landform planned by an erosional

process, e,g. peneplanation. 6)

Landscape (geomorphological) region - A derined portion
of' the zartih surrace, as Gistinguisned from othner
landscapes by contrasting physiograpnic f'eatures
(e.g. plains versus hills) or altitude (e.g. low-
land versus highlands)., The division of' an area
into landscape regions has practical implications
for agricultural systems as these shoula be adjusted
to specitf'ic factors prevailing in each o1 tne regions.

Four geomorphological regions can oe recognised:

(a) Highland Region - Undulating rolling high-
land plateaux over 2,000 ft. Cool climate
and high precipitation as compared with the

lowlands.,

x) Numerals refer to the references,



(p) ©Escarpment Region - Dissected or hilly
terrain at widely variable altituces, 3Serious

erosion hazard and variable precipitation.

(¢) Lowland Region - Undulating, rolling and
occasionally hilly terrain below 2,000 ft.
Warm climate and less precipitation as compared

to the highlands,

(@) Floodplain Region - ¥lat terrain consisting
or alluvial plains alonzg the major rivers,
normally at low levels, ‘Waterlogging or

flooding or both,

Landscape (geomorphic) System or Land System - A sub-
division oi the Landscape Region, Its recognition
is based on a combination and recurrence or patterns
oT topograpny, Soils and vegetation, The boundaries
oif a landscape system normally correspond with those

of the so0il associlatiomn.

Lateritic ironpan - Used in the same sense as the term
laterite proposed by Du Preez (1949) ane defined by
him as "a vesicular, conféetionary, cellular, vermi-
cular, slaglike, pisolithic and concrete-like mass
consisting chiefly of ferric iron oxides with or
without mechanically entangled gquartz anc minor
gquatities of alumina and manganese; it is of varying
hardness but 1t is usually easily scattered when

struck a sharp blow with a hammer, 3)
Lowland(s) - Low anda relatively level land at a lower
elevation than adjoining, hilly or mountainous areas,

Kottling (mottled) - Spots or blotches of different

colour or shades of colour. %)



Pediment (washslope) - Gently or moderately sloping plain

with or without detritus that borders hills and ridges.

pd - The negative logarithm of the hydrogen-ipn activity
oi a soil., The degree of acidity (or alkalinity) of
a so0il as determined by means of glass, guinhydrone,
or other suitable electrode or indicator or a specified
moisture content or soil-water ratio, anu cxpressed

in terms of the pH scale, 1)

Plain - An extensive area of level, rolling or undulating

land, usually of low altitude, L)

Plateau = An extensive level or mainly level area of

elevated land, L)

Soil - The unconsolidated mineral material on the immediate
surface of' the earth thzt serves as a natural mediunm

for the growth of plants, 1)

S0il association - A group of defined and named taxonomic
soll units occurring together in an individual and
characteristic pattern over a geographic region,

comparable to plant associations in many ways. 1)

Soil Consociation - The constituent parts of a soil
association are provisionally calied soil consocilations,
They nave iaentical soils, out tnese occur in diiferent

proportions.,

So1l norizon = Soil layer with Tfeatures produced by soil-

forming processes, 2)

A horizon - The uppermost layer of soil profile where
accumtdation of organic matter and eluviation commonly

occur,



5 norizon - Part of the soil profile below the A horizon;

usually ijluvial,

Soil phase - A variation in content of stones and/or

gravel within the series, 1)

Soil profile (pit) - A vertical section of the soil through
all its horizons and extending into the parent material.

1)

So0ll seriles = The basic unit of soll classif'ication being
a sub-division of a Tamily and consisting of soils
which are essentially alike 1in all major prorile

By

characteristics except the texture ot the fL-horizon., 1)

So0il texture - The relative proportions oi the various

soll separates in & so0il as described by tnc classes

of soil-texture described in the figure below, 5)
l, Clay
2, S1lt glay
3, 8ilty clay loam
L4, 8ilt loam
By Sanlit
0., Sandy clay
7. Clay loam
6. Sandy clay loam
9. Loam

10, Sandy loam
11. Loamy sand
12, Sand
Solum - The upper and most weathered part of the soil

profile; the 4- and B-horigons. 1)
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ADDENGLX

DESCRIFIION OF AUGHRLITS

Soil Survey ieport vo. 39 - Via

se=1ibi Area

(Location of &augerlines and profile pits, whicn were

sampled and analysed, are shown on kap 3).

-‘h--—-—- — N —— . Wl B ﬁ
| Number and Location ol Augerlines seriali:io. oi prorile :
l | it 20 !
e e et . o . AL\ Pt 5 AN A - — i e S+ A3 o Uy B W 0 e e . —— o . B o O et - - e e——- e— )
WI 1 Inshar RrRest House - Gerkawa- T; o [ Dok sy 19, 22}
Wase 25y 2oy B7; 28, 29, 30 )}
VI 2 Inshar Rest House = Inshar 30 ;
Wi 5 Inshar - SEhemanker - Yamini Lo, L1, Ui, 47 [
WI 4 Inshar - Sabon Gida - Dorowa 53, 5L :
; -Takalafia _ :
'WI 5 Inshar - Shendan * 65 !
IWI 6 Inshar - Lakushi Makat 66, 67, 70, 79, 80, 81, |
f g2, 83, 8L, 85, 87 g
yWI 7 Sabon Gida - Lkabuai - Wadata 90, Y5, 97, 98, 99, !
| (861) 100, 162 |
{Wi 8 mabudi = Gerkawa 107, 110, 113 ?
| (c1) :
i
'WI 9 TNagane - Gamakai-Takalaria 115, 1li6, LLY f
?(ml) |
i
{w1 10 oJunction near seamvan to Fajul '
(12) |
i
Wii 11 ©Northsouth korest trace approx, 128, 122, 8% 5
(Ialr) 2 miles from Sabon Gida on the g
road to Mabudi and pits along :
road to Timbol. ;
tWWI 12 Road junction near Dorowa- 124, 125, 128, 129, E
b (1)  karkashi 150, 132
|
Wl 13 Karkashi in direction of 133, 134 :
(¢T1l) Nasarawa 1
YW1 14 Karkashi - liagama 138 i
(k1) |
YW1 15 Karkashi in airection of liagama 140 E
{ (KK5) (repeated) 1
éWI 16 lagama - Gidan Bowa 143 !
| (Kuil) !
!%WI 17 Riyam in direction of' Gidan Bowa | 1h4, 15, 1u6, 147
(R1) along footpath }
W1 18 Riyam along road to Sarkin Kudu
(R2)
WL 19 Riyam - Kuka - Yamini
(R3)
| WI 20 wase - Wadata 168, 169, 172
(Vi)
i WI 21 Gerkawa = Viase bflg 7D, L6, LEI
P (sW) 184, 185, 186, 189
X) See sShendam file containing proifile descriptions

and analyses.



Appencix

DESCRIPTION OF AUGIRLINES

Soil Survey Report No, 39 = Wase=Ibi Area

(Location of augerlines and profile pits, which were

sampled and analysed, are shown on Map 3)..

Number and Location of Augerlines Serial No, of profile
pits x)
WI 1 Inshar Rest Housz = Gerkawa- iy 2, Vg IO, diLy 15y 82§
‘.:/-ase 23, 26’ 27, 28’ 29) 30
WI 2 Inshar Rest House = Inshar 36
WI 3 Inshar - Shemankar - Yamini 40, 41, L4, 47
WI 4 3Inshar - Sabon Gida - Dorowa 53, 54
~Takalafia
WI 5 Inshar - Shendam 65 2
I & Inshar - Lakushi Makat 66, 67, 76, 79, 80, 81,I
82; &5, Sli; 89; 87
TI 7 CSabon Gida - Mabudi - Wadata 90, 95, 97, 98, 99,
Wl \8 Madbudi - Gerkawa 107, 1X0; 113
Lrd)
WI 9 Nagane = Gamakai-Takalafia 1154 136; I8 1
(11)
WI 10 Junction near Zamban to Fajul
(u2)
wWI 11 DNorthsouth Forest trace approx, 121y &2, 125
() 2 niles from Sabon Gida on the
road to Mabudi and pits along
road to Timbol,
WI 12 Road junction near Dorowa=- 12, 125, 128, 129,
(f1l) Karkashi 130, 132
WI 135 Karkashi in direction of 1554 T34
(TT1) Nasarawa
WI 14 Xarkashi - Magama 138
(X1)
WI 15 Karkashil in direction of Magama 140
(KK5) (repeated)
WI 16 Magama = Gidan Bowa 43
(K1)
WI 17 Riyam in direction of Gidan Bowa hlly L5 WiGy BT
(R1) along footpath
WI 18 Riyam along road to Sarkin Kudu
(r2)
WI 19 Riyam = Kuka = Yamini
(R3)
?1)20 Wase = Wadata 168, 169, 172
W
VI 21 Gerkawa = Wase 1Vhs~ 278, 1765 L85,
(sw) 18L, 185, 186, 189
X) See Shendam file containing profile descripticns

and analyses,
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