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ABSTRACT

Hydrogeological and geotechnical investigations around Bagchi area have been carried ou?. The
results of the investigations indicate the occurrence of two aqun‘_er umt.s namely, thg _un_consohdated
weathered overburden aquifer unit and the fractured basement ‘aqun'er unit. The hydrgth parameters o_:f
the aquifer units indicate-a hydraulic conductivity value that ranging between 0.93 x 10 m/s to 8.93 x 10
m/s and a mean value of 3.47 x 10° m/s. An average linear groundwater vel_ocnty of_3.‘80\m/yr and a
specific discharge of about 1.71 m/yr were recorded. The geotechnical inves’ugatlon indicates a mean
plasticity index of 17.2%; mean optimum moisture content of 9.30% and a mean ma2x§mum dry density o;
2.5 glem®. The shear strength test indicated a mean cohesion value of 0.25 l;g/m in a mean angle 0
internal friction of 30.1°. From the results of this study recommendations that will serve as useful guide in

erosion control arid-groundwater prospecting in the area were made.

INTRODUCTION

The study area is located in high relief
area and is underlain by the weathered basement
rocks. As a result run-off is relatively high and
infiltration rate is low. The groundwater storage,
which is limited by geologic factors, is further
reduced by adverse climatic condition. Thus soil
-erosion has become problematic and is ravaging
the landscape of the study area. It has also
affected the agricultural, infrastructural and socio-
economic aspects of both urban and rural
development in the area. It was this exigency that
prompted the carrying out of soil test analyses on
the study area where erosion is devastating with a
view of providing lacking ~geotechnical and
hydrogeological information about the genesis
and expansion of gullies. The study area Bauchi
and environs, falls within (atitudes 10° 00" N and
10 30" N and Longitudes 9 30" E and 10" 00’ E
(Fig.1). Alkaleri bounds it to the east, to'the west
it is bounded by Tafawa Balewa; to the south by
Alkaleri and to the north by Ganjuwa. It is easily
accessible by Bauchi-Jos, Bauchi-Kano Bauchi-
Maiduguri  link roads. There are numerous

footpaths and tracks that provide access to hilly
and other remote areas within the study area.

The study area is characterized by
highlands and flat topography. The low lying
areas are characterized by patches of granite
outcrops while the entire western parts are
characterized by chains of mountains with
elevation ranging from 675 meters to 1025 meters
a.ms.l isolated outcrops of Bauchite granites,

fayalite-quartz-monzonite and undifferentiated
migmatites and gneisses occur in the eastern,
western and northern parts of the study area.

It'is drained by network of streams, which
take their source from the mountaineus area and
flow to join rivers Gongola and Hadejia in the
eastern and northern low piain areas. These
streams include rivers Delimi and Zaranda, which
drain the south extreme and flows northwards to
join  Hadejia whereas Rivers Ran, Waya
Rakyamro, Rafin Lugge and Rafin Bagel drain the
western highlands and flow eastwards into River
Gongola around the study area. Rambaya River
draining the northern part flows towards the
northwestern part to join River Zaranda that
subsequently flows northwards to join River
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Hadejla Most of the rivers are seasonal except
rivers Gongola and Hadejia, which are perennial.
They exhibit trellis and dentritic drainage patterns,
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GEOLOGY OF THE STUDY AREA

Rocks of the Crystalline Precambrian
Basement complex rocks of Nigeria underlie the
iudy area. The major lithologic. units are: the
nite (fayalite-quariz-monzonile), the biotite-
hmm, lende granite, the p porphyroblastic biotiis-

3 nulites and undifferentinted

25 and gneisses (Fig. 2. In most parts of

he areaﬁ unuonsolidated weﬁn::m@d averburden
mal {ing of lalerites, clays, sands and
qravels cover these rocks. The nnconsolidated
waathered overburden materiais are of two ypes
namnely: - tha g2 5guwfuvv and  the Eluvium.
However, vutcrops of Fayaiite- Guaiz-monzonite
{Bauchite) and Biotite-hombilen granite ocour at
iwo locations such as Idi and Lush hills, QOutcrops
of these rocks show that they have been fractured
i tonism. Thus fractures, fissures, joints

urest Zones  exist n claces. The
prominent faull zones trend towar+ the NE-SW

and N-5 zonzs (Oyawoye 1970).

Undifferentiated Migmatite and Gneisses,
fhese ore W‘?Md rocks of mainly two
sources-the cre-existing host rock and a rather
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{ .
Table 2. Hydraullc properiles of some samgpies of the unconsclidated weathered overburden aquifer of the study area

S/No Hydraulic Conduciivity (mfs) x 10° Transmissivity (m” /s) x 107
Location 1 2 3 4 5 1 2 3
sample /
No.
1 Dumi 1057 6.78 0.40 591 i 2055
AA1 5.00 52.85 B0 200
2 Tiruwn 344 2.21 013 1.93 1351
AA2 700 2408 15.47 [sX:1]
3 New GRA 8.66 554 033 485 194
AA3 400 34.64 22.16 1.3
4 Zaranda {471 9.43 056 8.23 8230
AA4 1000 | 147.10 | 8430 5.60
g Dajin 8.34 53 032 467 121.42
AAS 2600 | 21684 | 13910 | 832
[ Durum 7.11 455 027 368 31.84
AAS 8.00 55.88 36.48 2.16
7 Treidil 741 458 0.27 368 , %552
FAT 240 17064 | 1944 | 648
& Wunti 597 283 023 334 65.46
AAB 1860 | 11701 | 7507 451
g Yaiva 385 2.47 015 215 25
AAQ i "l 1500 |[&7.78 37.05 2.25
10 Guni 1.66 106 006 0953 558
AAID 60 9.96 8.36 0.368
x| Dango 331 212 013 1.85 1758
AAL1 . 950 3145 20.14 1.24
12 Min aTi 238 014 208 330
AAT2 . 11.20 | 4155 26.66 1.57
13 Nasarawa | 2.16 138 [aYv) 1.21 15.13
AA13 1250 | 27.00 17.25 1.00
14 Total 8090 | 5165 306 | 4510 12766.0 4828 | 711678
j 15710 | 2 815037 | 7
15 Mean 6.22 397 024 347 : 547.44
1214 | o8200 | e2695 | 37.14

1. .Hazen method (1893)
4. Average values

A

indefinite diffusion-of otner rock materials which
are granitic in composition through the host rock.
The host rock is usually the metasedimentary
schists and the intruded materials include mostly
granites, pegmatites and quarizites. Tﬁ{ey occur
mostly around the northwestern and southeastern
portions and are less weathered than the schists:
Quartz-Hypersthene Diorite.

This unit consists mostly of quartz in
association with hypersthene and olivine. It has a
subhedral granular texture and outérops at
northeastern extrerne.

Biotite-Hornblende Granites

In this rock unit the dominant minerals are
biotite and hornbl:nde. Other minerals found
associated with tham are muscovites, algites,

2. Harleman et al method (1963)
S. Aquifer thickneas (in meters)

3. Uma et al method (1989)

sodium rich amphiboles, pyroxenes and minor
quartz or olivines. The biotite is often dark colored
and hornblende is green colored. This can be
found in areas around Lush and Inkil hills. It
covers parts of southeastern, northern and
northwestern sectors of the study area (Fig2).

Fayalite-Quartz-Monzonites (Bauchite)
Fayalite-bearing quartz monzonites have
been described in Bauchi area (Oyawoye, 1970).
It contains quartz (72%), K-feldspar (14-72%) and
plagioclase (4-52%). This unit is characterized by
almost equai amount of alkali feldspars and
plagioclase. It has dominant accessory minerals
such as biotites and hornblende. In others,
augites are present and are normally
accompanied by hypersthene and olivine. The K-
feldspars in monzonite is. usually orthoclase
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Table 3. Chemical analyses of water sampies from the
 Unconsolidated weathered overtitivden groundwater

SMNe.\ | Location Suiphate (50,%) Chioride CI” pH
. mg/l

1 HW1 %5 150 700
Yelwa

2 HwW2 5] 145 7.10
New GRA

3 HW3 o8 166 6.70
Government
House "

4 Hw4 o4 175 7.40
Nasaraws

5 HWS 100 170 7.10
Wunti

6 HW6 105 1% 710
Raitway Quarters

7 HW7 110 140 6.90
Gombe Road
{opp.FGGC)

8 HwW8 85 185 7.00
Military Barracks

9 HW9 85 180 72
Tirawn

10 Mean 95.78 158.89 71

(rarely microcline). Quartz occurs I minor essentially mantled by lateritic pebbly - soil

amounts. This unit is found around Guni, idi and
Dumi hills in the central and northeastern area
and some to the western portion (Fig.2).

EHuvium

The elluvium consists essentially of
gravels and sands which are very good aquifers
and have given very high yields to wells. The
processes in the formation of deep weathering led
to .the development of lateritic profiles as the
overburden forms the elluvium. The parent
materials migmatites, gneisses that are cut by
pegmatite, apitite and quartz veins are weathered
to varying degrees with depths. The depth of
weathering varies from 34m to 129m. It was
found that water bearing zones are mainly found
in the fractures of the poorly decomposed rock;
inter-granular  permeability in  moderately
decomposed coarse-grained igneous and
metamorphic rocks and fractured pegmatites,
aplite and quartz = veins - within highly and
moderately decomposed gneisses and
migmatites.

River Course Aliuvium
The low-lying plains of the study area are

resulting from weathering of the crystalline rocks.
Where exposed by erosion, the soil profile
consists of laterite topsoil underiain by clay

horizen, which in turn is underlain by partially
weathered parent rock materials. Talus and
deposits of alluvial pebbles and sands are
abundant. The talus is found on the alluvial

deposits on river channels and riverbanks. '
The Hadejia valley around the northern part and
its tributaries have alluvial flood plains and the
Gongola valley around the eastetn part are also
underlain by unconsolidated coarse to medium
grained sandy materials, clays and silts. From
careful observation it was found that at higher
altitudes these sediments are coarse grained and
fine towards the low lying plains.

Structural Trends in the Study Area.

’ All the rocks of the area are affected to
varying extent by joints. In some instances the
joints cut through the rock mass. In others, the
joint planes run parallel of the roeck mass. This
results in onion weathering irt which slice of the
rock exfoliate and fall off the mass. In many
places huge blocks of rocks fall off from the huge
granite hills and ridges- and settle at the lower



HYDROGEOLOGICAL AND GEOTECHNICAL STUDY OF BAUCHI AND ENVIRONS, NORTHEAST NIGERIA

193

i

Kafin Mocoki
862" .

{
BRG

330 J—j

Lima Xatogum

so :
: £
T %107 . -s20
- c
2
_% 20 o s g
E — (a) N
“ 3004 : | 300
Bejoi 2aranta
A . R
. Mirt Wanti
@0 4 K2 813
sy
L ss0
=30
A6
50 4 {b) L 536
=0 ° v 20 0 eow r &0
Vartical scole | 4 P 3
\ ©. 3 1w 0o z0m o
80 4 Moditentol scale & = " et
LEGEND
Exses - Decomposad Gearites -Frcs\ Granites
[ stionty weotherad Gronites - Froctured Geanites :

Fig.3a,b. Correlation of borehole lithologic logs in the study
area (modified after Nur and Obiefuna (2003)

levels of the slopes or at the foot. The joints have
different orientation but the most prominent
directions are E-W and NE-SW. Most of the joints
are closed and so are healed fractures on the
rock mass. Others are however, open and so
represent openings through which water
percolates through the rocks bringing about in
them the chemical weathering. Around the
granitic rocks at Lush and Inkil hilis, the joints

seem not to go deep into the mass. The closed

joints are filled essentially with quahzntes

pegmatites, dolerites and matenals of gramtlc
composition.

Dolerite dykes are a prominent structure in
the area and are observed to have intruded into
probably pre-existing structures in the rocks: They
have the same composition as basalts but differ
only in the coarser textures. In some places they
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appear as swarms giving an impression of a fault
zone. The most conspicuous directions of the
dykes are also E-W and NE-SW, the former
being the direction of flow of the main rivers.
However, there are a number of observations that
point to the possibility of faults being present.
Firstly, the alignment of the main sireams and
river segments in the direction of the major
structural trends. Rivers draining hilly terrains as
in the study area readily exploit zones of
fractures. The trellis drainage pattern of the wo
main rivers iends credence to this. Secondly, the
presence of swarms of dolerite dyke is probably

due with fauii-like displacement of the host rocks
in the courss of intrusion.

HYDROGECLOGY OF THE STUDY AREA
The meieordiogical data from the Upper

Benue River Basin Development Authority Bauchi
shown in Table 1 include the rainfall data for the

area. Average annual precipitation occurring
almost entirely as rainfall over a seven water year
period (April to March) amounted to 3.11 x 109 m®
volume of water. The value of actual
evapotranspiration estimated from Turc (1954)
formula from the mean annual rainfall is about
243 x 10° m¥yr or 78 % of atmospheric
precipitation. An estimate of the surface run-off of
435 x 108m°yr or 14 % of atmospheric
precipitation was achieved employing Veisman
(1272) rational formula. Bell (1983) has noted that
infiltration can be estimated if the amount of run-
off and evapotranspiration -are known by
subtracting these from the total precipitation.
Accordingly when this is done for the study area
an average infiltration value of 2.49 x 10® m*/yr or
8.0 %.

" Potential sources of surface water supply
are rivers Gongola and Hadejia and their
tributaries such as Rivers Delimi, Jauro and
Zaranda. Others  include Rivers Ran waya,.

Table 4. Summary of results of soll tests

Compaction Shear Strength Atterberg Limit
Gully Depth | Wicth | Optimum | Maximum | Angle of Caohesion Permeabilit! Plastic | Liquid | Plasticity | Sivclay | Soil
Location | (m) (m}) rncisiure dry density | Shearing kgim? m/sec x 107 | limit% | Hmit index % content | classifi-
: content % | mom’ razistsnce % % cation
@ ‘ ‘
Dumi 50 30 8.1 24 330 027 572 28 24 | 032 121 Sandy
AA1 | ! Grave}
Tiruwn 70 25 138 28 BO 029 0.19 45 240 | 175 444 Gravelly
AA2 ) ) sand
New 40 1.6 100 24 e 025 475 408 17.7 29 2.43
GRA sand
AAZ : —
Zsranda 20 21 058 24 285 024 807 288 000 286 a.0e Gravally
ALY { sand
Dafin 1.8 23 5.7 28 276 0.28 458 241 176 065 3.90 Gravelly
AAS o sand
Durum 458 32 {81 25 34.0 028 390 343 163 18.0 275 Gravelly
AAB ! sand
Inddl 25 18 g 25 R0 023 3490 283 oo | 83 253 Gravelly
AAT i sand
Wt 4.7 15 105 25 00 025 327 338 177 161 4.02 Gravelly
AA8 ) sand
Yalwa 22 28 06.2 25 28 027 241 234 00.0 234 3.35 Sand
AAD .
Guni 29 A7 11.4 24 30 0.26 0.91 335 16.2 173 491 Gravelly
AAIG ! sand
Dango 22 1.4 facs: 25 260 024 1.81 260 165 0as 406 Gravelly
AATY : : sand
Miri 24 13 150 23 2540 022 204 255 173 8.2 294 Gravelly
L AM2 i . sand
Masarawz | 2.0 1.z 9.2 24 270 0.3 1.19 375 188 18.7 387 Sand
AATS
Mean 33 20 0.3 25 301 0.25 327 315 143 | 1712 311 Gravelty
: | sand
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kyamro, Rafin Lugge, Rafin Bagel and Rambaya.
River Hadejia takes its rise from the western
highlands and flows northeastwards and
discharges into Lake Chad. It has its peak
discharge between the months of August and July
with minimum discharge in the month of March.
There are two main aquifer units that have been
identified based on hydrolithologic analyses of
borehole logs, the nature of water table and
geociogical reconnaissance. These are the
unconsolidated weathered overburden aquifer
and the fractured basement aquifer units. The
unconsolidated weathered overburden aquifer
unit is dernived from the complete weathering
and/or decomposition of pre-existing granitic
rocks. They consist of residual soils such as
graveis, sands, silts and clays and extend from
Bajai to Tirwun and from Liman Katagum to Kafin
Madaki. The thickness varies from 2m at Liman
Katagum to 5m at with an average thickness of
about 4.4m {Fig 3). The depth to static water level
varies from 2.33 to 6.42m with an average of
about 4.12m. The fractured basement aquifer unit
varies from 14m at Liman Katagum to 52m at
3auchi with an average thickness of about 26.6m.

t directly underiies the unconsolidated weathered
werburden aquifer unit. This investigation is
sonfined to the unconsolidated weathered
werburden aquifer since ail the gullies identified
e located within this aquifer. The hydraulic
sroperties as determined from statistical methods
Hazen 1893, Harleman et al 1963 and Uma et al
1989} indicate a2 mean hydraulic conductivity, K,
of 3.47 x10°° m/s and a transmissivity, T, of 5.47 x
10" m%s (Table 2). Comparisons were made for
K to the Todd (1980) and T to the Gheorghe
(1978) classifications. The values of K and T are
relatively high.

An average storativity value of 8.6 x 10°
was computed. The specific discharge is
developed in overcoming iriction on the joint
surfaces and in pore spaces. it is called the Darcy
Velocity (Vd) and equals the product of hydraulic
conductivity and hydraulic gradient (i). It is based
o Darcy's law and expressed mathematically as:
Va = Ki 1)
where Vd = specific discharge

i = hydraulic gradient
The mean hydraulic conductivity value for the

unconsolidated weathered overburden aquifer is
computed as 3.47 x 10° mis. This value when
multiplied by the average hydraulic gradient,
which was computed as 0.0057, gave a specific
discharge value of 1.71 m/yr. The average linear
groundwater velocity is a measure of the speed
with which water moves through the pores or
joints; and is obtained by dividing the specific
discharge by the real or volumetric (average)
porosity. The average linear groundwater velocity
(Va) as given by Todd (1980) is:

Va =Vd/n 2)
where n = porosity
Va =  average linear groundwater

velocity.
Vd = specific discharge

The porosity of the unconsolidated weathered
overburden aquifer is estimated based on
Pettijohn (1975) at a value of 0.45. Thus using
equation (2) an average linear groundwater
velocity of 3.80mfyr was calculated, which
confirms high seepage fluxes and pore pressures.
There are two main groundwater flow systems
that are identified in the study area. These include
the local flow system occurring in the
unconsolidated weathered overburden aquifer
unit and the intermediate flow system occurring in
the fractured basement aquifer unit. The first type
of flow (unconsolidated aquifer unit) receives
direct recharge from rainfall over its permeable

soil cover. The flow comes from areas of higher
elevation such as the undulating ridges and hills
to areas of lower elevation such as rivers or
stream valleys to the north and eastern side of

-the area. The distribution of hydraulic head in the

unconsolidated weathered overburden aquifer
indicates that a localized recharge area occurred
towards the western portion around Zaranoa Nur
and Obiefuna (2003).

The calculation of available groundwater
reserve can be obtained through the following
formula:- '

Qa=bx Sy x A 3)
Where b = average saturated thickness of the
aquifer

sy = specific vyield at 19% for

unconsolidated weathered overburden

aquifer and 23% for fractured basement

aquifer after Johnson (1967).
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Qa = groundwater reserve,

A = area.
Thus using equation g3) average groundwater
reserves of 1.64 x 10 m® and 2.09 x 10" m’
were .obtained for the unconsolidated weathered
overburden aquifer and fractured aquifer units
respectively. Cementing materials can be affected
by pH values (acidity), Chloride and sulphate
contents of the groundwater that comes in contact
with them. The pH values of the groundwater
obtained range from 6.7 to 7.4 (Table 3). The
chloride and sulphate contenis indicate average
values of 159 mg/l and 96 mg/l respectively. This
is relatively high and capable of causing corrosion
and incrustation of metallic objects and
structures.

GEOTECHNICAL PROPERTIES OF THE
WEATHERED BASEMENT

Incipient gullies were observed in different
parts of Bauchi and its environs, which are
underfain by the Basement complex rocks. The
menace of devastation was found in the New
GRA, Yelwa, Miri, Zaranda and Tiruwn (fig.4).
The Basement complex rocks of the area have
undergone  considerable  weathering or
decomposition leading to about 4 to 7 meters
thick unconsolidated weathered overburden layer
consisting of loose sands, gravels, silts and clays.
The average depth of incision of these gullies
ohserved is about 2.2 m to 7.0 with width ranging
from 1.2 m to 3.2 m. It is the geotechnics of these
areas that determine their susceptibility to gully
~ erosion or their erodibility.

Therefore, to determine the causes and to
suggest solution to the problem the geotechnical
parameters or characieristics of the sois at the
thirteen locations using soll mechanic laboratory
tests such as the fiquid and plastic limits, the
grain-size analysis, moisture content, specific
gravity and shear strength tests were carried out.
Table 4ab summarizes the results of the tests
conducted on soil collected from the sites. The
liquid and plastic limits were used to obtain the
plasticity index, which is a measwe of the
plasticity of the soil. The values obtained ranged
from 6.5% to 28.6 % indicating slight to medium
plasticity. Thus the soil samples are soft and

could be crushed by fingers and hence erodible.
Shear strength of the soil samples was
also determined. Shear strength is the maximum
internal resistance of the soil to movement of its
particles by sliding or slipping. The forces that
resist shear are the intergranular friction and the
cohesion.
According to Coulomb’s law, the shear strength is
given by;

S=C+Ptane 4)
Where S = Shear Strength
C= Cohesion

P = Effective pressure
Tan 6 = Coefficient of friction

) 6 = Angle of internal friction.

The shear strength test indicated values of
cohesion ranging from 0.22 kg/m® to 0.29 kg/m®
in an angle of internal friction ranging from 25° to
35°. The significance of the shear strength test is
that the force due to run-off and the seepage flux
are only resisted by the angle of interna! ‘riction
since the value of cohesion is low. The
compaction test shows that the optimum moisture
content ranges from 3.8% to 19.2%, while the
maximum dry density ranges from 2.3 mg/m’ to
2.6 mg/m’. This is done to know the weight of soil
samples and to determine the amount of water in
which the soil particles can resist without losing
their shear strength and its stability to load and
water absorption. The maximum dry density
values are generally low signifying that the soil is
not compact but loose. As earlier pointed out the
hlg_h hydraulic conductivily measurements
indicate high permeability. Permeability is =
measure of the capacity of a scil to permit the
passage of water and it has the dimension «f
velocity (cm/sec). The environmental setting in
the area such as highlands flat topography and
scarp slopes make the rainwater not taken up by
the soil as infiltration to flow as run-off thereby
detaching particles because of their low shear
strength (Onwuemesi 1590). The sparse vegetal
cover exposes the soil surface to diret impact of
rainfall as well as viscous drag of run-off

CONCLUSION.

Hydrogeological and e
. 4 geotechnica
ﬂﬂ;vesmgamf@ns of the weathered basement rock-
of Bauchi area were made for the purpese
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inferring the surface and sub-surface processes
that contribute to the formation of gullies.in the
area. Specific discharge vaiue of 1.82 m/day and
average linear groundwater velocities of 4.21
m/year were computed for the two-aquifer units.
These values indicate moderate seepage force
which is however in conformity with moderately
high hydraulic conductivity (K) and transmissivity
(T) values recorded. Most of the waters tested
indicate pH ranging from 6.7 to 7.4. The water is
of the chioride type and is generally of good
quality and alsc suitable for both agricultural and
industrial proposes. The results from of the.
investigation have shown that the control of
gullies in the area must be done through an
integrated approach. The approach involves
agronomic or massive aforestation effort aimed at
protecting the soil from the direct impact of
raindrops a3 a first step. The second step
requires some engineering methods, which can
be used to modify the slope characteristics in an
attempt to check the amount and velocity of run-
off. Finally drainage is an important factor in
reducing the high pore pressures and seepage
forces associated with this area. Draining the soil
using appropriate methods can help to increase
the shear strength and reduce the susceptibility of
the soils to erosion.
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