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hstrocet

e rocks .;mf .~.(n|.5. u'n(fcrlymg L'umhum-Minnn rond and the neighbourhood in central Nigeria
g mapped and subjected to various analyses in order to determine their impact on the stability
the road they underlay. Vertical electrica) soundings were done along lhfroud lo determine
e ~oil profile of the road. The geoclectric studies revealed that the soil profiles of the road are
mposed of laterite, sond and clayey soils. Road traffic statistics revealed that the traffic
nsity road is within the permissible limit. A total of 5 rock samples were collected and each
piected o thin section, XRD and XRF analyses. Groundwater table of wells along the road
b observed 10 determine the variation in seasonal groundwater variation. 35 water samples
i collected from wells along the road and subjected to hydrochemical. A total of 47 soil
mples were collected and subjected geotechnical analyses. The ficld mapping, thin section and
RD) revealed the road is underlain by migmatites, gneisses, graniles, marble, granodiorite and
hist. The groundwater occurring within migmatite terrain has higher ionic concentration and
ysical properties, The soils are gravely soils, Low permeability ranges from 4.73 x 10™cm/s to
4+ 10"cm/s were obtained. Optimum moisture conlent ranges from 18 1o 27%. The soaked
B of soils ranges from 0.9 Lo 70% while the unsoaked CBR ranges from 5 to 70%. The soils
derlying the granites are generally more competent than those underlying the migmatite. The
wistent failure of the Lambata-Minna road portion underlain by migmatite gneiss and granite
e ause the soils occurring within those terrains have poor geotechnical propertics (o serve as

e sub-grade, sub-base or base material in their natural state.

ywords: Geology, Stability, Minna-Lambata road, North-central Nigeria

me have been spent by the Nigerian government on the maintenance of
the road is still unstable. The road condition is worse where it
d to clay minerals. Adequate attention on the

lo! of money and i
mhata- Minna road. Yet,
rlay crystalline rocks that arc partly weathere
rstanding of the geology thal underlics this roa | | s bex

pavement requires sound and durable support from 15 3u‘bsurlucc material .(undcrlay
Mogic material) (Okogbuc, 1988). In choosing the route for the highway, onc of the ‘lmpon;jm
is the geotechnical propertics of the sub-base and subgrade material. When
J matenals used for road are adequate, and the road

d is therefore necessary. This is because the

ors considered
by 1cchnigue, construction procedure an
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The pH of the water samples ranges from 5.4 to 9.64; the electric conducﬁmgesn‘
1,113uS/cm; the total dissolved solids (TDS) ranges from 8.71 to 754.7mg/].and the | \
ranges from 10 to 502mg/l. It can be seen from Figure 2d that the concentrationg of g
and cations vary with the underlying lithology. Water samples collected from the schigy %
(metamorphic) terrain have higher ionic and cation concentrau'.on than those collecteq
granitic terrain. This is attributed to the higher weatherability ?f these me
relative to the granitic rocks as well as to their high composition of mineryjg like b
cordierite, hornblende and epidote that are rich in Mg**, Ca** and/or Na®. This agrees With oy
of Gidigasu (1974), Transport and Road Laboratory (1974) and Offodile (2002) thay
occurring in groundwater of basement rocks result from the weathering of the basemen oy

is generally believed that the nature of the parent rock controls the pH in the soil ang
(Kovalevsky, 2004).

tamorphjc

These higher concentrations of these cations (Mg?*, Ca®*
samples have higher electrical conductivity and hardness.
most of the studied groundwater supports the weathering
values as well as higher concentrations of magnesium,
recorded in the waters from the migmatitic than from the gr

and/or Na®) clearly explain why g
The neutral to acidic medium Nature

anitic environment.

Parent rocks.

The results of the ic: i ‘
geotechnical analyse 'S Superimposed on, the geology and shown in figure

....................

in the study area. Higher EC ang ™
calcium, sodium angd potassium g

RS —

e S——



d underlying geology-
nderlain by gravelly (

GW and

al distribution of the soil type
e road underlain by
Ily soils while
composed of

geowchnica] results an

tudied road is generally U

also be seen that the spati
y. The portions of th
sty composed of grave

gure 3; Comparism of

Fom Figure 3 it can be seen that the s

E"li”d sandy (SW and SP) soils, it can
i extent controlled by the underlying geolog
oarse grained rocks, are mo
st, which are medium grained rocks, are

ally residuals that originated

Faite and gneiss, which are €
are actu
ithin the i gmatite have

& vorc:
m:]’;“uns underlain by marble and schi
y . :
" ind sandy soils, These indicate that these soils
onderlvi . ) ]

ther o T]du;'\'”":' lithology of the studied road. The soils occurming W!

plimum 1oisture content (OMC) and lower maximum dry density (MDD) than soils

( there is no clear difference 10 the permeabilily of the soils derived

the road. Soils deriv . > have higher California Bearing
also show that

U the d:
h:f‘qlf’;’jd”‘rtru“! rock UIOI‘]'I

“HCBR) "’ i
) than of soil collected from the migmatite (. The results

g |, J rolled by the geology: The possible causes of failure of the
i OMds are i R i . ,
ey litt llrL discussed based on the suitability of analyzed soil samples. U"df’;'ﬂ‘;,“ 2
3 Wwlogies, f . . L ork
o Mhologies, for the stated road sections 4 specified by the Federal Mmlstry;o 4

| samples are summu.rized in Tables 28 10 2b.

‘,‘.\uw,&. ( H -
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)). The suitability of the SO

K
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f i _runites bu
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v OMe
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Fabbe Zu. Suiabulity of sxuls undc

|.|£

g - e ———
rlain by grarmite and granodiorite along Lambata-Minna ro

ad (assessed Dased on Federal Moy Ty ok
Waorks and Housing (FMWH. 1970) specification) for different road sections
Road Fropermy Soil samples underlain by Granite Granodiorite Suamibiy
SACTan i3 15 16 18 19 21 24 27 30 3 33 36 ¥y percent
Soil hype GW-GC SM-SC GP-GM  SM-SC SM-SC GP SP-SM SW-SsM  Gw SC-SM GW GC (scale ol
(USCS) 100.00)
®olfines  Suimble  Swvitable  Suitable  Suitable  Suitable  Suitable . Suitable Suitable  Suitable  Not Suitable  Suitable 91.67
suilable
For Liguid Surtable  Suitable  Not Not Not Not Not Suitable  Suitable  Suable  Not Not 41.67
& Limit (%) suiteble  suitable  suitable  suitable  suiable suitable  suitable
road  Plasticry  Not Not Not Not Not Not Not Not Not Not Not Nol 0.00
Sub- mdex (%) suiable  suitable  suitable  suitable  suitable  suitable  suitable  suitable  suitable suitable  suitable  suitable
grade  Saaked Suntable  Not Suitable  Suitable  Suitable  Suitable  Suitable  Suwable  Suitable Suitable  Not Not 75.00
CBR (%) suitable suitable  sunable
OMC (%) Not Not Not Not Not Suitable  Suitable  Not Not Sunable  Not Not 25.00
suitable  suitable  suitable  suitable  suitable

suitable  switable

MDD(mg/  Suizble  Suiable  Suiable  Suitable  Suitable  Suitable  Suitable  Suitable

suntable  suitable

Suitable  Suitable  Swuable  Suitable  100.00
o)
Liguid Suntzble  Suitable  Not Not Not Not Not Suitable  Suitable  Suitable Not Nol 41.67
For :nm., (%) suitable  suitable  suitable  suitable  suitable suilable  suitable
sub- Plasnowy  Not Not Not Not Not Not Not Not Not Not Not Not 0.00
base index (%) switable  switable  suitable  suitable  suitable  suitable  suitable  suitable  suitable suitable  suitable  suitable
course  *Spaked Suitzble  Not Suitable  Not Not Suilable  Suitable  Suitable  Suitable  Suitable  Not Not 58.33
CBR (%) suitable suitable  suitable

suitable  suitable
% of ines Suitable  Suitzable  Suitable  Suitable  Suiable  Not

Not Suitable  Not Not Sutable  Not 5833
suitable  suitable suitable  suitable suitable
Liquid Suiable  Not Not Not Not Not Not Suitable  Suitable  Suitable Not Not 333
For hmit (%) suyitable  sumable  suitable  suitable  suitable  suitable svitable  suitable
bae Plasticity  Not Not Not Not Not zﬂ zm.; 24_ zn.: ZE z@_ zﬂ.: 0.00
course  ndex tw.- suitable  suitable  suitable  suitable  suitable  suitable  suitable  suitable  suitable  suitable z.:EEn %_:E_u_n
Unsoaked  Not Not Not Not 24_ Not Not Not Not Not Not Not 0.00
CBR (%) suitable  suitzble  suitable  suitable  suitable  suitable

suitable  suitable  suitable  suitable  suitable  suitable

USCa=L mufied Seoil Classification System. MDD=Maximum Dry Density; OMC=Optimum Moisture Content; *=West African Standard; CBR=California Bearing Rano:; % of
JSCS=Unifie :
fines=% less than 75um
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Table 2a shows that none of the 12 analyzed soil samples occurring within the . |
granodiorite terrain along Lambata-Minna road have plasticity index (PI) suitap), for an._p"“
the road sections (sub-grade, sub-base or base) while less than half (4167, 41.671
33.33%) of the analyzed samples have liquid limits (LL) a‘dequate 19 SErve as roaqg Sub.g,.;
sub-base or base material. Only 25% of samples have optimum moisture conten, Suitzhj l
sub-grade. 75% of the samples have California bearing ratio (CBR) suitable fo, b l
58% have CBR suitable for sub-base while none (0.00%) have CBR suitap)e for b%;
material. About half (58.33%) of the samples contain the propcr amount of fipes "cededp
base materials. It implies that the soils occurring at this portion of the road (g"‘"i'emd
granodiorite terrain) cannot satisfactorily serve as sub-grade, sub-base or base coury
materials in their natural state. This explains the cause of the constant road failure g s
portion of the road.

The non-suitability of the soil for any of the road section may be due to the weathering ¢
orthoclase and plagioclase feldspar content of their parent rocks (granite and granodiorite)
during the soil formation, to less stable minerals. As it can be seen from Table 2a that the)
soil sample, occurring in granodiorite terrain, showed non-suitable CBR relative 1o those
occurming in granite terrain, it suggests that residual soils forming from sodic plagioclase-ric
rocks (granodiorite) are less competent than those forming from orthoclase/microcline-ich
rocks (granite). This is reflecied inthe poor geotechnical properties of soils that formed from
migmatite gneiss (see Table 2b) that is rich in plagioclasc. Only 5 samples (50%) ir
migmatite gneiss lerrain along Lambata-Minna road have CBR suitable for road sub-grak
while none (0.00%) have CBR suitable for either road sub-base or base. Only | sampk
(10%) each have LL suitable for road sub-grade, sub-base or base. The PI of the soil is al#
inadequate for any of the road sections. Again, the soil underlain by migmatite gneiss cannd
satisfactorily serve as road sub-grade, sub-base or base in its natural state which also explain
the cause of the road portion underlain by migmatite gneiss along the studied road Gidigs
(1972), Federal Ministry of Works and Housing (1970).

The soil occurring within the migmatite gneiss can serve belicr as sub-grade on the addi®

of stabilizers like lime, marble dusi or limestone ash (Okagbue and Yakubu, 1997; Okag®*
and Onyeobi, 1999) in correct proportions to improve the CBR. LL and P of the soil ¥3¥
the addition of the stated stabilizers to soil underlain by the granites will enable the %91"
serve better as sub-grade and sub-byge Stabilizing the soils within the migmatite gnet®

of replacing the soil.
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