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Abstract

Earth and rock-fill dams are designed to operate under
steady state but geological defects may lead to failure of
the dam, especially in unconsolidated or fractured ter-
rains. Integrated geophysical and geotechnical investi-
gations were undertaken to assess the vulnerability of
a proposed dam site, South-western Nigeria. The study
area is underlain by undifferentiated schist.

The field investigations involved use of Very Low Fre-
quency (VLF) electromagnetic and Vertical Electrical
Sounding (VES) using the Schlumberger array to gen-
erate curves and 2D-imaging lines. Geotechnical inves-
tigation entailed establishing points for Standard Pen-
etrometer Test (SPT).

The VLF-EM result revealed localized regions of anom-
alous conductivity/resistivity. The VES result deline-
ated topsoil, weathered basement and fractured/fresh
bedrock. The geotechnical results revealed low stabil-
ity for the proposed dam axis.

The uneven nature of the basement topography is a po-
tential threat to the stability of engineering structures.
As a result, the site was considered unsuitable for con-
crete dam but suitable for earth dam. If the dam will
however be constructed, proactive measures, such as
deep excavation and grouting must be taken against the
structural and geological defects.

Key words: Geophysical and geotechnical, Damsite,
Clayey overburden, Poorly drained, Proactive measu-
res.

Izvlecek

Zemljinske in nasute kamninske pregrade so projek-
tirane za obratovanje v normalnih okolis¢inah, toda
neugodne geoloske lastnosti, zlasti nekonsolidiranost
in razpokanost kamnine, utegnejo privesti do okvar. S
kombiniranimi geofizikalnimi in geotehniSkimi razi-
skavami smo ocenili ranljivost neke predlagane lokaci-
je pregrade v jugozahodni Nigeriji. Podlago raziskova-
nega obmocja tvorijo nerazclenjene skrilave kamnine.
Uporabljene terenske metode so obsegale zelo niz-
kofrekvencno (VLF) elektromagnetno in vertikalno
elektricno sondiranje (VES) po Schlumbergerjevem
razporedu z izdelavo krivulj in 2D-linij. V okviru geo-
tehniskih raziskav so opravili v izbrani mreZi standarni
penetrometri¢ni preizkus (SPT).

Glede na rezultate preiskav VLF-EM smo omejili ob-
mocja anomalne prevodnosti/upornosti. Z VES smo
lo¢ili v podlagi tla, preperelo kamnino in razpokano
svezo kamnino. GeotehnisSki preizkusi so nakazali po-
manjkljivo stabilnost v osi predlagane pregrade. Ne-
ravna oblikovanost podlage je potencialna nevarnost za
stabilnost predlaganih objektov. Kot rezultat raziskave
smo ocenili, da lokacija ni ugodna za betonsko pregra-
do, vsekakor pa je primerna za zemljinsko pregrado. Ce
se bodo odlo¢ili za gradnjo, bo treba predhodno izvesti
primerne ukrepe, kot so globoki vkopi in injekcijske
zavese, da zavarujejo objekte pred strukturnimi in geo-
loSkimi nevarnostmi.

Klju¢ne besede: geofizikalne in geotehniske preiska-
ve, lokacija za pregrado, glinasta tla, slabo odvodnjava-
nje, predhodni ukrepi
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Introduction

Dams are among the largest and most import-
ant projects in civil engineering!l. They are
major engineering structures that are designed
and constructed with long life expectancy® 3.
Due to the fact that dam constructions serve
tremendous purpose to the human community,
the design and construction of a dam is expect-
ed to create a stable structure that will last for a
very long period of time. Out of the various nat-
ural factors that directly influence the design of
dams, none is more important than the geolog-
ical, not only do they control the character of
the foundation but they also govern the mate-
rials available for construction™. For geologic,
hydrologic and topographic reasons, there are
limited numbers of ideal sites for dams’ place-
mentPl. It is therefore very important to in-
tensely scrutinize any proposed dam site. There
are many problems which give a broad variety
of special tasks to the geophysicist, beginning
with prospecting for geological near-surface
structures and ending in the determination of
the properties of soils and rocks by geophysical
methods. Concealed fractures are structures
which pose great difficulties in public works
and their non-localization may lead to failure
of otherwise well planned projects. The pros-
pects of surface water development through
the construction of a water dam in crystalline
basement complex area are considerably en-
hanced by carefully planned and well execut-
ed preliminary geophysical investigations®-1°l.
Pre-construction site study is a prerequisite for
the construction of dams and other hydraulic
structures in order to avoid locating such struc-
tures on undesirable subsurface features such
as buried stream channels, near-surface frac-
tures, joints, fissures etc.?l. The unpredictabili-
ty of the near-surface ground often complicates
site investigations and budgetary constraints
may limit the number of boreholes. Geophys-
ics can provide powerful tools to complement
other forms of site investigation. Geophysical
studies carried out prior to the intrusive inves-
tigation in form of borings and trial pits may
locate anomalous areas associated with signif-
icant subsurface features. The identification of
anomalies allows borings and trial pits to be
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appropriately targeted. The appropriate loca-
tion of borings on the basis of prior geophysical
surveys may result in borehole data being more
representative of site conditions. Essentially,
geophysics may enhance the value of borehole
data. On a complex site, geophysics may be uti-
lized to determine the geology between bore-
holes, since interpolation between borehole
logs may be ambiguous. Comparison of geo-
physical survey results with directly obtained
geological information permits the extrapola-
tion of geophysical results into areas where lit-
tle or no borehole information is available %,
On large sites in particular, the design of the
spatial location of direct sampling points may
be contentious and important underground
targets may be missed completely. However, in
order to reduce the duration and cost of inves-
tigation, geophysical techniques are often em-
ployed and small number of boreholes are then
drilled to yield subsurface information that
could serve as control on the geophysical inter-
pretation!® %151, Hence, an integrated geophys-
ical (electrical resistivity and electromagnetic
surveys) and geotechnical (borehole drilling/
coring) investigations were carried out at the
proposed Obafemi Awolowo University Teach-
ing Hospital complex mini earth dam intended
at supplying potable water to the College of
Medicine community in OAU Ile-Ife Southwest-
ern Nigeria. This study was aimed at evaluat-
ing the geo-structural setting of the concealed
bedrock along the proposed dam axis and the
flanks of the proposed dam site. Dam transmits
and exerts tremendous forces on the founda-
tion, including the thrust of the impounded wa-
ter which can be of the order of millions of tons,
in addition to weight of the biggest man-made
structures. The stresses generated from these
two main factors, water pressure and dead-
weight are further aggravated by dynamic forc-
es and other influences. The interaction of dam
and foundation is compounded by a third force,
that of the impounded water acting both on the
foundation and in the foundation, compressing
the valley bottom and the flanks, producing up-
lift, seepage and percolation forces in voids and
pores which can result in instabilities, erosion
and leaching of supporting strata.
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Site description and geologal
setting of the proposed dam site

The proposed Dam site is to be erected across
the Opa Stream that flows approximately east
west of [le-Ife town. It falls within the geograph-
ical coordinates of latitudes 07° 30’ 59.1” N to
07° 31" 13.0" N and longitudes: 04° 33’ 03.7" E
to 04° 33" 11.0"” E (Figures 1, 2 and 3). The study
area is an area of undulating topography with el-
evation ranging from 250 m to 270 m above sea
level with isolated outcrops. The drainage of the
shallow valley is poor, with conspicuous pres-
ence of stagnant water bodies in the flood plain.
The largest parts of the flood plain are essential-
ly swampy. On average, the rainfall and tempera-
ture of the area respectively are 1 260.23 mm
and 26.6 °C, this is in accordance with the tropi-
cal annual rainfall of 1 262.38 mm and tempera-
ture of range between 26.6 °C and 28.8 °C[*°,

The area is underlain by the basement complex
terrain of Nigeria. The main lithological units
in the dam site environment are pegmatite and
schist (Figure 4). The pegmatite and undiffer-
entiated schist rocks are highly weathered and
this result into the preponderance of clay hori-
zons upon which the dam will be erected. The
basement rocks are concealed in most parts of
the site. However, very few isolated outcrop rel-
ics were encountered along the stream channels.

Materials and methods

The geophysical investigation involved the
WADI VLF electromagnetic (EM) and the elec-
trical resistivity methods. Horizontal profiling
(Wenner) and Vertical Electrical Sounding (VES)
techniques were employed.

EM measurements were made at every 10 m in-
terval along the dam axis and 5 m interval along
the left and right abutements.

The VES measurements were made at 15 loca-
tions along the dam axis, the two abutements
and the upstream using the Schlumberger array
with electrode spacing, AB/2, varying from 1 m
to 75 m. VES were carried out at 50 m interval
along the dam axis and the two abutements.
The Wenner profiling utilised a fixed electrode
spacing of 5 m and an expansion factor (n) varies
from 1 to 5.
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Figure 1: Location map of the study area showing the
boundary of proposed OAUTHC dam site (Google Earth 2014).
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Figure 2: Location map of OAU and the study area showing
the proposed OAUTHC dam site ( Google Earth 2014).

\ - Study area

Figure 3: Administrative map of Osun state showing the local
Government and the study area.
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The geotechnical investigation involved soft
rock boring and hard rock coring. The Stan-
dard Penetrometer Test (SPT) was conducted
in four boreholes along the dam axis. The field
layout of the geophysical and geotechnical tra-
verses and measurement stations are shown in
Figure 5.

Figure 4: Geological map of the area around lle-Ife showing
the study Area.

The Very low frequency Electromagnetic Meth-
od (EM) data are displayed as profiles while the
Vertical Electrical Sounding (VES) data are pre-
sented as depth sounding curves. Geo-electric
sections, isopach, bedrock and resistivity con-
tour maps were prepared from the VES data.
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Figure 5: Spacial distribution of VES points, SPT Test locations
and Boreholes in the study area.
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2D-resistivity model for deeper depths of up to
13.5 m were prepared from the Wenner data
for the dam axis and the two abutments. Quan-
titative (1D) interpretation of the VES curve
involved partial curve matching and computer
iteration techniques. The VES modelling was
aided by the availability of borehole lithologi-
cal logs.

Results and discussion

The EM profiles, Schlumberger and Wenner
inverted sections showed the inhomogeneity
in the subsurface. Very Low Frequency electro-
magnetic survey of the dam site revealed the
conductive and the resistive nature of the sub-
surface, the resistive materials predominate
the subsurface while the subsurface materials
are generally of low average conductivity. There
are however, localized regions of anomalous
conductivity /resistivity, distributed along the
profiles. The Karous-Hjelt contour for the dam
axis (Figure 6a) shows a varying resistive sec-
tions, pockets of highly resistive unit and highly
conductive unit were embedded within the low
resistive background, the conductive (Siemen/
metres) pockets occur between 320 m to 340 m
and 360 m to 400 m up to 40 m deep, similar
pockets of high conductive unit occur along a
veinlet like structure, dipping approximately
45° N and cutting across the section at offset
220 m at the base and 280 m at the top of the
profile. The abutments (Figures 6b and c) are
characterized by alternation of conductive and
resistive materials from left to right.

The VES curves are mostly the H and A-types,
characterized by three geoelectric/lithologic
layers consisting of topsoil (sand or sandy clay)
weathered layer and fractured/fresh bedrock.
The summary of the layer model interpreta-
tion and the inferred lithologies are presented
in Table 1 while representative VES curves are
presented in Figures (7a, b). The electrical re-
sistivity contrasts existing between geoelec-
tric layers in the area enabled the delineation
of lithologic units, occurring at varying depths
with variable thicknesses. The results of the
interpretation were used to construct three
sections on the dam axis, the left and the right
abutments, taken in the north-south, and east-
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Figure 6a: Frazer Graph and Karous-Hjelt Contour for the Dam
axis.
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Figure 6b: Frazer Graph and Karous-Hjelt Contour for the Left
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Figure 6c¢: Frazer Graph and Karous-Hjelt Contour for the Right
Abutment.
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Figure 7a: Computer Iterated Graph for VES 7.
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Figure 7b: Computer Iterated Graph for VES 12.
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west directions (Figures 8a, c). The sections
show three geoelectric/lithologic layers.

Geoelectric sections

Dam axis

The resistivity of the dam axis ranges from
18 0 m to 32 Q m (Figure 8a) while thickness
varies from 0.4 m to 4.8 m in the first layer (top-
soil). In the second and third layers, resistivity
varies from 11 Q m to 333 QO m and 447 Q m
to 1 386 Q0 m respectively while the weathered
basement thickness ranges between 0.3 m to
12.1 m. The topography of the dam axis is un-
even the basement with competent bedrock is
closer to the surface at the central part of the
dam axis and deepening towards the two abut-
ments.
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Figure 8a: Geo-electric section for the Dam axis.

Left Abutment

The left flank is underlain by three layers rep-
resenting the topsoil, the weathered basement
and the bedrock (Figure 8b). The first two
units is the overburden comprising the topsoil
and the weathered basement with resistivity
and thickness values ranging from 340 Q m
to 635 QO m / 3.7 m to 4.6 m and 55 Q m to
81 O m /8.1 mto 16.2 m respectively. The top-
soil and weathered basement interface have a
near horizontal geometry. The basement resis-
tivity is relatively high, ranging from 512 Q m
to 1 378 Q m. Its thickness increases progres-
sively towards the centre of the profile from
both ends.
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Figure 8b: Geo-electric section for the Left abutment.

Right Abutment

The right abutment is underlain by three geo-
logic layers comprising the topsoil, the weath-
ered basement and the bedrock (Figure 8c).
The layer parameters from the VES interpreta-
tion show that the topsoil and the weathered
basement have resistivity and thickness values
ranging from 432 Q m to 804Q m /3.3 m to
41mand 450 mto 580 m /13 m to 14.9 m
respectively. The topsoil and weathered base-
ment interface have a near horizontal geom-
etry. The basement resistivity is relatively low,
ranging from 268 () m to 673 Q m, with gently
undulating topography.
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Fractured basement
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SCALE
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Figure 8c: Geo-electric section for the Right abutment.

Fence diagram

This represents two dimensional views of the
geo-electric sections. The basement relief as
revealed from the fence diagram (Figure 8d)
slopes from the dam axis to the abutments.
This aids groundwater flow as it was not en-
countered at boreholes BH1 and BH4 but was
seen at borehole BH2 and BH3. The bedrock is
closer to the surface along the dam axis with
thin overburden. However, at the abutments,
the overburden is relatively thick.
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Figure 8d: Fence diagram of the study area showing the dam
axis and the abutments.

Isopach map of the overburden

Figure 9a shows the contoured map of the
overburden thicknesses for the proposed dam
site. This encompasses all materials above the
presumably fractured/fresh bedrock. The over-
burden is relatively thick around the northern
and southern part of the dam axis (abutments),
with thickness values ranging from 16 m to
19.9 m while the overburden of the remaining
part (middle part of the proposed dam axis) is
relatively shallow (2.3 m to 14.5 m). Generally,
the overburden of the study area is relatively
shallow when compared to the range given by
some authors,['7-'% for the southwest basement
overburden thickness. They ranged overbur-
den thickness less than 30 m as thin overbur-
den and overburden greater than 30 m as thick
overburden.

Bedrock relief map

The bedrock relief map (Figure 9b) is a contour
map of the bedrock elevation beneath all the
VES stations of the survey area. The significance
of this is the reflection of the bedrock topogra-
phy and its structural disposition. Depressions
are characterized by thick overburden while
ridges are noted for thin overburden cover.
Ridges are characterized at the middle portion
of the dam axis due to the closeness of the bed-
rock to the surface at this portion. Hence, there
is poor drainage along the dam axis. The left
and the right abutments are characterized by
depression.

Resistivity of the bedrock

The resistivity values of the bedrock vary from
268 Q m to 1 483 Q m. According to> % 2%, the
resistivity values that exceed 1 000 Q m is fresh

Oladunjoye, M. A., Babatunde, I. O., Oshoko, O. A.
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Figure 9a: Isopach map of the study area.
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Figure 9b: Bedrock relief map of the study area.
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Figure 9c: Resistivity contour map of the study area.

bedrock and for a value below 1 000 Q m, the
bedrock is fractured and saturated. From the
resistivity contour map (Figure 9c), higher re-
sistivity values (1 007 @ m to 1 483 Q m) are
typical of the dam axis while the abutments
are characterized with low values indicat-
ing fractured bedrock. It can be deduced from
(Figures 8a, c) that the dam axis with thin over-
burden thickness corresponds to area with
high resistivity values which invariably corre-
spond to area with bedrock ridges. Generally,
the fresh bedrock along the dam axis can be
said to be poorly saturated (low porosity and
permeability) while the overburden is highly
saturated (poor drainage).

2D-resistivity models

From the inversion of field data using RES
2DINV, the two-dimensional inverse resistivity
models for the subsurface terrain underlying
the dam axis, the left and right abutments gen-
erally indicate relative uniformity in the values
of resistivity along the horizontal direction, es-
pecially beneath the two abutments.

Integrated geophysical and geotechnical investigations of a proposed dam site, Southwestern Nigeria
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2D-Resistivity model for the Dam axis

The complete resistivity inversion model along
the dam axis is shown in Figure 10a. Low re-
sistivity zones in the inversion sections are
prevalent across the entire topmost layer of the
dam axis, however the resistivity increase with
depth. The thickness of this very low resistive
(high conductive) region decreases from about
7.4 m at the extreme left down to about 2.4 m at
160 m offset. Similar phenomenon was noticed
towards the extreme right of the dam axis. The
second horizon, interpreted as a weathered
water-saturated layer with resistivity ranging
from 50 QO m to 300 0 m has an average thick-
ness of about 3.5 m. The value of resistivity
increases with depth. The regions with high
values of resistivity, which is an indication of
the basement rock, are closer to the surface at
(160, 280 and 330) m offsets. This is indicative
of the variation in thickness of the overburden
as revealed by the isopach map of overbur-
den and the basement relief map in which the
thickness of the overburden is much reduced
at 160 m offset. The thickness of the overbur-
den is however, much higher around the left
extreme at zero offset (abutment), around the
central region at 200 m offset and around the
right extreme at 400 m offset (abutment). The
resistivity of the third layer is over 3 000 0 m
interpreted as competent basement.
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4] L) 1 n o "
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Figure 10a: Inverse resistivity model for the Dam axis.

2D-Resistivity model for the Left abutment

The model resistivity values generally decrease
with depth (Figure 10b). The uppermost layer
that is relatively dry and sandy on the left abut-
ment shows consistently high resistivity values
of between 472 Q) m and 780 2 m, the down-
ward decrease in resistivity result in the occur-
rence of a thicker layer when compared to the
uppermost horizon with very low resistivity
values from a depth of about 6.8 m down to the

RMZ - M&G | 2014 | Vol.61 | pp.257-267

base of the section at a depth of 13.4 m around
57 m to 60 m offset. This horizon corresponds
to the water saturated region of the clayey
weathered basement material. High resistive
(780 Q2 m) basement rock was found gradually
intruding the second layer at distance 25-35 m
and 65-70 m. This was not conspicuously re-
vealed in this section because the overburden
is very thick.
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Figure 10b: Inverse resistivity model for the left abutment.

2D-Resistivity model for the Right abutment
Resistivity image interpretation shown in
Figure 10c indicates that the resistivity values
are decreasing gradually downward in the sec-
tion from surface to bottom of the section and
are uniform in nature. A highly (769 Q m) re-
sistive lithology (dry and sandy) was revealed
at the uppermost layer to a depth of 5 m on the
right flank of the proposed dam site. The down-
ward decrease in resistivity, result in the occur-
rence of a layer with very low resistivity values
(18 2 mto 50 & m) from a depth of about 6.5 m
down to the base of the section within a depth
of 13.4 m, at 45 m offset. This horizon corre-
sponds to a region with water saturation, with-
in the clayey weathered basement material.
High resistivity value is evident at the bottom
of the section with offset distance 60-75 m be-
yond 13 m depth.
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Figure 10c: Inverse resistivity model for the Right abutment.
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Geotechnical characterization

The stability of any engineering structure is
primarily dependent on their supporting foun-
dation which is largely a function of the nature
and condition of the underlying soil materi-
alsf. A correlation of the lithologic section
penetrated at position of BH1, BH2, BH3 and
BH4 (Figure 11) suggests that the depth to bed-
rock vary between 3 m to 6 m with an increase
in depth at the two extreme boreholes (BH1
and BH4) along the dam axis. Groundwater was
not encountered at boreholes BH1 and BH4,
but it was encountered at depth of 3.5 m and
2.5 m in boreholes BH2 and BH3 respectively.
The Standard Penetrometer Test (SPT) inves-
tigation was undertaken between 1.5 m and
6.0 m depth range (Figures 12). The SPT blows
range between 12 and 50. At depth of 1.5 m, the
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Groundwater was encounteredin boreholes2 and 3 respectivelyat depths 3.5mand 2.5m

Figure 11: Boreholes lithologic correlation along the dam axis.
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Figure 12: SPT plot for BH4.
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SPT number of blows (N) for BH1 and BH4 was
respectively 35 and 48 and decreases for BH2
and BH3 along the proposed dam axis. At depth
of 3 m, the trend of the SPT number of blows
are low at BH2 and BH3 indicating the type of
clay present is very soft (easy penetration) and
the region is marshy but the number of blows
increases for BH1 and BH4 towards the edges
of the proposed dam axis and showing a well
drained portion. This shows proportional rate
of penetration with the nature and hardness of
rock encountered when correlated with bore-
hole log and geoelectric parameters.

Conclusions

The results from Very Low Frequency electro-
magnetic method indicated that the host rock
is generally of low conductivity with pockets of
highly resistive and highly conductive units em-
bedded within the low background. From the
geoelectric sections, the thickness of the over-
burden is relatively thick at the dam abutments
and shallow along the dam axis with the lowest
thickness at the central part of the dam axis. It
can be deduced from the Isopach, Bedrock relief
and Resistivity contour maps that the dam axis
with thin overburden thickness correspond to
area with high resistivity values which invari-
ably correspond to the area with bedrock ridges,
more so, the bedrock (fresh) along the dam axis
is poorly saturated (low porosity and perme-
ability) and the overburden is highly saturated
(poor drainage). However, at the abutments, the
reversed was experienced and the bedrock is
fractured. Uniformity in resistivity values along
the horizontal direction and variation in resistiv-
ity values in the vertical direction was revealed
from inverse resistivity 2-dimensional models.
The geotechnical results revealed that the sta-
bility of the proposed dam axis is lowest at the
central part of the axis and increases away to the
two extremes.The uneven nature of the base-
ment topography is a potential threat to the sta-
bility of engineering structures. As a result, the
site was considered unsuitable for concrete dam
but suitable for earth dam. If the dam will how-
ever be constructed, proactive measures, such
as deep excavation and grouting must be taken
against the structural and geological defects.
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Table 1: Summary of VES data interpretation

S/N Layers Rei;;t:;lty Thlal:)less D(elg;h Curve Type g:gfgiti?,i Probable Lithology

L 594 3.3 33 Topsoil

VES 1 1L 58 13.0 16.3 Htypep,>p,<p, 0.642 Weathered basement (clayey)
ML 268 - - Fractured basement
L 804 3.7 3.7 Topsoil

VES 2 II. 45 14.9 18.6 Htypep,>p,<p, 0.874 Weathered basement (clayey)
I1. 673 - - Fresh basement
L 432 4.1 4.1 Topsoil

VES 3 II. 46 14.0 18.1 Htypep,>p,<p, 0.812 Weathered basement (clayey)
1L 447 - - Fresh basement
L 326 2.6 2.6 Topsoil

VES 4 1L 35 8.0 10.6 Htypep,>p,<p, 0.933 Weathered basement (clayey)
ML 1007 - - Fresh basement
L 18 1.0 1.0 Topsoil

VES 5 1L 11 1.3 2.3 Htypep,>p,<p, 0.981 Weathered basement (clayey)
1L 1187 - - Fresh basement
L 178 0.4 0.4 Topsoil

VES 6 II. 23 5.9 6.3 Htype p,>p,<p, 0.967 Weathered basement (clayey)
I1. 1385 - - Fresh basement
L 52 3.0 3.0 Topsoil

VES 7 IL. 333 11.5 14.5 A-typep,>p,<p, 0.549 Weathered basement (sandy clay)
1L 1146 - - Fresh basement
L 71 4.8 4.8 Topsoil

VES 8 1L 188 5.1 9.9 A-typep,>p,<p, 0.731 Weathered basement (clayey)
1L 1213 - - Fresh basement
L 387 3.3 3.3 Topsoil

VES 9 1L 87 8.3 11.6 Htypep,>p,<p, 0.677 Weathered basement (sandy clay)
I11. 450 - - Fractured basement
L 340 4.6 4.6 Topsoil

VES 10 IL. 55 13.1 17.7 Htypep,>p,<p, 0.923 Weathered basement (clayey)
1L 1378 - - Fresh basement
L 453 3.7 3.7 Topsoil

VES 11 1L 81 16.2 19.9 Htype p,>p,<p, 0.849 Weathered basement (clayey)
ML 995 - - Fresh basement
L 636 3.8 3.8 Topsoil

VES 12 1L 68 8.1 119 Htypep,>p,<p, 0.766 Weathered basement (clayey)
ML 512 - - Fractured basement
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