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Abstract: A study of the efficacy of the integration of remote sensing and geophysical data sets, with
geological/geomorphologic data serving as ancillary information, in engineering site characterization was
carried out. The aim of the study was to demonstrate an innovative result-oriented approach to site
characterization involving these methods. Landsat-7 ETM+ image data were processed and interpreted to
generate the relevant data sets. The geophysical investigation involved the acquisit ion and interpretation of
vertical electrical soundings (VES) and magnetic total field data at 949 and 1050 locations, respectively. The
resultsof the remote sensingand the geophysical surveys were then integrated in a GIS so that the regional and
local geology, subsurface lithologic layering, slope magnitude/aspect, bedrock structural features, depth to
bedrock, bedrock relief, aquifertypes/water resources, subsoil competence and soil corrosivity withinthe target
sitecould be obtained. The study concludes that the natural (biophysical) environment canbest be studiedusing
inter- or multi-disciplinary approaches. For this, a four-stage order of activities involving analysis of remotely
sensed data; followup ground truthing of theremote sensingdeductions; subsurface investigation using surface
geophysical methods; andintegration of the resultsfrom the preceding three stages,has beenfound very helpful
and it is therefore proposed.
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INTRODUCTION

Remote sensing and geophysical techniques have
been used for investigation in the environmental sciences
with remarkable success. Remote sensing techniques are
used because of their cost effectiveness, their ability to
access areas that are difficult to access and because the
data can be collected frequently and rapidly on a large
scale[1,2] . Geophysical techniques, on the other hand, are
non-invasive and can furnish broad, composite images of
thesubsurface over largeareas at relatively lower cost and
higher speed [3,4,5,6]. In the extant age of geoinformation
technology, it is almost becoming the norm to combine
remote sensing and geophysics in environmental
studies[7,8]. This is usually done with a view to harnessing
the advantages inherent in both techniques.

However, in engineering site investigations, remote
sensing and geophysical techniques are rarely integrated
despite the obvious fact that, like in other investigations
in which they are integrated, so much could be gained by
sodoing. This study aims to outline a methodology for the
integration of these genetically related disciplines in site
testing undertakings. This would be done with a case
study example after taking a look at the so-called
‘environmental inventory’ and the suitability of remote

sensingand geophysical techniques for the environmental
question.

Environmental Inventory: According to[9], a general
‘environmental inventory’ (i.e., a complete description of
the environment as it exists in an area where a particular
proposed action is being considered) would incorporate
the following factors:

 The physical-chemical environment - soil, geology,
topography, surface and underground water
resources, water quality, air quality and climatology;

 The biological environment - flora (trees, grasses,
etc.) and fauna and herpatofauna (fish, birds,
mammals, reptiles/amphibians, etc.);

 The cultural environment - historic and
archaeological sites and aesthetic resources (visual
quality); and

 Socio-economic environment- population trends and
distributions, economic indicators of humanwelfare,
educational systems, transportation networks, water
supply and wastewater/solid-waste management,
public services (police, fire protection and medical
facilities), etc.
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Table 1: Specialists related to the environmental characterization problem (modified after 15).
Natural resource Subcomponent Specialist
Air Air quality/Wind directions and speed/Precipitation Air quality and pollution analyst/Air pollution control engineer/

and humidity/Temperature/Noise Meteorologist/Remote Sensing expert
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Land Land capability/Soil resources structure/Mineral resources/ Agronomist/Soils engineer/Soils scientist/Civil engineer/Geologist/

Tectonic activity/Unique features Geotechnical engineer/Mineralogist/Mining engineer/Engineering
geologist/Seismologist (Geophysicist)/Remote Sensing expert

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Water Surface waters/Groundwater regime/Hydrologic balance/ Hydrologist/Water pollution control engineer/Water quality and

Drainage and channel pattern/Flooding/Sedimentation pollution analyst/Marine biologist engineer/Chemist/Civil and
sanitary engineer/Hydrogeologist/Geophysicist/Remote Sensing
expert Hydrogeologist Geophysicist Remote Sensing expert

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Flora and fauna Environmentally sensitive areas: wetlands, marshes, Ecologist/Forester/Wildlife biologist/Botanist/Zoologist/

wildlands, grasslands, etc. /Species inventory/Productivity/ Conservationist/Remote Sensing expert
Biogeochemical and nutrient cycling

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Human Social infrastructure and institutions/ Social anthropologist/Sociologist/Archaeologist and Geophysicist/

Cultural characteristics/Physiological and psychological Architect/Social planner/Geographer/Demographer/Urban planner/
well-being/Economic resources Transport planner/Economist/Remote Sensing expert

The physical-chemical and biological environments
are usually collectively referred to as the ‘natural
(biophysical) environment’, while the cultural and
socio-economic environments are grouped together as
‘man-made environment’[9].

A cursory look at the above inventory would
suggest that inter- or multi-disciplinary teams of
experts in different fields of knowledge or a
combination of both would be required to
adequately address the multifaceted problem of site

characterization [10]. Table 1 shows a suggested list of
specialists that may be recruited to form inter- and/or
mult i- di sc ip li na ry te am s fo r envi ro nmen ta l
characterization.

EngineeringSite Characterization: Ingeneral parlance,
the word ‘site’, derived from the Latin word situs
(meaning position), denotes the position on which an
entity is, has been or is to be situated, especially as to its
environment. In geographical space, such an entity could
be a building, undeveloped land, a settlement, etc. in
which case the environment would be composed of
natural and/or man-made features.

There are various discipline-specific definitions of
site characterization [11,12] . So, in the geotechnical and
engineeringsciences, sitecharacterization is a location- or
area-specific survey conducted to characterize (describe)
the physical, chemical and/or biological attributes of that
area, presumably intended for some engineeringpurpose,
e.g., infrastructural development[13,14]. The amenabilityof
different engineering site characterization problems to
remote sensing and geophysical methods is considered in
the following sections.

Environmental Site Characterization Problems
Amenable to Remote Sensing Methods: Airborne
remote sensing techniques yield aerial photographs
(panchromatic or multispectral) and other aerial sensor
image products (e.g. SLAR and thermal infrared
linescanner images), whereas the space-borne
techniques generate mainly multispectral image
products. As a rule, the target spatio-temporal
phenomena determine the most appropriate image
product to be used for a given application. However,
in practical terms the availability and cost of data are
the cardinal factors in making the choice of the
image data to be used. On this premise, it may be
noted that, although airborne image products
(especially aerial photography) have been used
extensively for the production of detailed thematic
maps (geologic, pedologic, etc.) and provided much
information that was not apparent on satellite

images, it has become the standard practice in
environmental investigations to use satellite imagery to
tackle problems that were hitherto handled with aerial
images. This trend has occurred because satellite
imageries provide synoptic views, have uniform
illumination and tonal quality, are acquired in
multispectralbands, have repetitive coverage, are readily
available and are cost effective[16]. The problem of poor
spatial resolution that bedeviled early satellite image
products has beensolved; for satellite images (e.g. Ikonos
with 1 m resolution) now exist that compete favourably
with image products from airborne sensors on this point.
Nevertheless, when a given investigation requires
multistage approach, data from both techniques are
integrated.
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Table 2: Important areas of application of geophysics in site characterization.
Application area Technique
Geological structures (fault, fractures, shear zones, etc.) Seismic, resistivity, magnetic, EM, gravity, GPR
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Landfills/waste dumps Seismic, resistivity, magnetic, EM, gravity, GPR
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Archaeology Magnetic, resistivity, EM, GPR gravity, magnetics, seismic, EM
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Depth to and constitution of bedrock Seismic, resistivity, EM, GPR
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Integrity of existing civil engineering structures investigation EM, resistivity
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Salt water intrusion Resistivity, IP
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Landslides, sinkholes, subsidence, cavities Resistivity magnetic, gravity
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Nature of soil and soil corrosivity Resistivity, EM
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Groundwater location and hydrogeological characteristicsof aquifers Seismic, resistivity, borehole geophysics, magnetic, gravity, EM, GPR
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Mapping of subsurface geologic layers and their geophysical characteristics Seismic, resistivity
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Pipes and metal detection EM, magnetic, resistivity, SP
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Weapons inspection EM, magnetic, gravityNote: EM = electromagnetic, GPR = ground

------------------------------------------------------------------------------------------
penetrating radar, SP = self potential, IP = induced polarization

In environmental characterization remote sensing
techniques can be used for

 Regional geological mapping, which can provide
frameworks for more detailed studies;

 The tracing of main and local pipelines,
telecommunication routes, power lines and
transportation system for engineering estimation;

 Demarcating areas that are prone to environmental
hazards such as floods, volcanic eruptions,
earthquakes, landslides, etc.;

 The production of digital elevation models for
topographic analysis; and

 The investigation of water resources.

Environmental Site Characterization Problems
Amenable to Geophysical Methods: Geophysical
methods encompass a wide spectrum of surface and
down-hole measurement techniques, which provide
means of investigating subsurface geologic and
engineering conditions. The techniques that have been
devised for use detect discontinuity in some physical
property[3,4,5]. In order to be able to countercheck result
and provide basis for investing some reasonable degree of
confidence in the interpretation results, the use of
complementary techniques is always preferred to using
only one technique. The factors that determine the
suitability of a particular technique or a combination of
techniques include the dependent physical property
contrast between the target and the surrounding, depth
extent of the target, nature and thickness of the
overburden and cost. In view of the inherent ambiguities
or non-uniqueness in their interpretations, geophysical
results and their interpretations are usually controlled by
selective drilling information[4,17] .

Listed in Table 2 are important areas of application of
geophysics in site characterization. Although all the
geophysical techniques are relevant in this field, it is clear
from the table that the electrical resistivity method can be
applied to virtually all the problems encountered in
environmental characterization. For this reason, it was
adopted as one of the geophysical techniques used for the
present study. The magnetic methodis the complimentary
geophysical technique used is this research, because the
field measurements are easily made, cheap and simple
compared to the other geophysical techniques and
corrections to readings are few and simple[18]. Besides,
magnetic field anomalies are invariably diagnostic of
manyenvironmentalcomponents suchas metallic objects,
mineral and regional structures.

Integration of Remote Sensing and Geophysical
Methods in Environmental Characterization: Remote
sensing and geophysics are genetically related[19]. The
scope of geophysics, however, is mainly devoted to the
investigation of the interior of the solid Earth, whereas
remote sensing studies the natural and man-made
environmental factors, in so far as these lie on the surface
of the Earth or in the atmosphere. Thus, if it is desired to
characterize the environment comprehensively (i.e. from
the air, the ground surface and below the ground surface),
so much is to be gained by a close integration of remote
sensing and geophysical techniques.

Against this backdrop and from the consideration of
Table 1, it goes without saying that the combination of
expert knowledge from geophysics and remote sensing
would translate into a very robust and an all
encompassing tool in tackling the environmental
question.



J. Appl. Sci. Res., 2(9): 541-552, 2006

544

Fig. 1: Location map of the study area within Nigeria

Proposed Order of Activities in Engineering Site
Characterization using a Combination of Remote
Sensing and Geophysical Techniques: On the basis of
the foregoing, the following four-stage order of activities
is proposed for routine engineering site characterization
investigations:

Stage 1: Use of remote sensing techniques for the
generat ion of regional environmental

parameters (e.g. floral distributionand density,
soil types, geology, etc.) that may help to
provide a framework for further investigation
at the next two stages.

Stage 2: Generation of information on the lithology,
tectonics, geomorphology and drainage
character, etc. of the area of interest from
surface investigations. This would also serve
the purpose of ground-truthing the remote
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Fig. 2: Geophysical data acquisition map for the site

sensingdeductions obtained from the activities
in Stage 1.

Stage3: Subsurfacemappingregarding the natureof the
Earth materials making up the subsurface,
groundwater occurrence, shallow and deep-
seated geological structures, etc.

Stage 4: Integration of the results realized from the use
of the expert knowledge involved in the first
three stages. Spatial data analysis tools
involving measurement, spatial query and
classification functions, overlay operations,
neighbourhood functions and network
functions[20] may be used in a Geographic
Information System (GIS) environment to
this end.

A Case Study Example:
Background to the Study: A site located to the south of
Ikare, southwestern Nigeria, was investigated using
remote sensing and geophysical techniques (Fig. 1). The
basic aim of the investigation was to evolve a detailed
engineering characterization of the site, to determine the
geomorphologic, geological and near surface/subsurface
factors that may affect the location, design, construction,

operation and maintenance of engineering constructions,
in so far as these were amenable to solutions by the
methods of investigation used and to proffer suggestions
for solutions to problems that wouldhave beendelineated
in the course of the site testing.

Data Acquisition and Processing:
Remote Sensing Investigation: Two Landsat-7 ETM+
imagescoveringan area measuring 55×55 km centered on
Ikare town were acquired for the study. After the
necessary geometric and radiometric correction of
the image data, they were enhanced using techniques
such as edge enhancement, colour composites formation
and band ratioing, using ILWIS 3.1 software. The
resultant data sets were then interpreted together with a
suite of ancillary data (geological, soil, topographic and
drainagemaps of thearea). The interpretation resultswere
verified during a ground-truthing exercise in the area and
then used to construct a regional geological map.

Geological andGeomorphologic Investigations:During
the ground-truthing of the remote sensing interpretation
results, detailed geological investigation of the site in
question was also carried out. A complementary
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geomorphologic study based on the existing topographic
map of the site was also carried out. Slope and slope
aspect map of the site were also generated from the
topographic map data.

Geophysical Invest igations: The geophys ical
investigationsof the site involved the electrical resistivity
and magnetic methods. The 949 electrical resistivity
measurementstaken at 50 m interval were made along 58
N-Straverses shownin Fig.2, using the vertical electrical
sounding technique (VES). The VES curves were
quantitatively interpreted by partial curve matching
methodand computer iteration with theRESIST program.
The interpretation results were correlated with the
available lithologic logs.

Magnetic total field measurements were made at
25 m interval along alternate traverses in Fig. 2, leading
to the occupation of 1050 stations. After the necessary
diurnal and offset corrections wereeffected, the residual
magneticvalues were used to produce a magneticmap for
visual (qualitative) analysis. Magnetic profiles for semi-
quantitative analysis were also generated.

Integration of Data Sets: This involved the combined
analysis of the remote sensing, geological,
geomorphologic and geophysical data sets using the GIS
vectordata overlayapproach in the ArcView 3.2 program
environment. In this way the required engineering site
characteristics were deduced.

RESULTS AND DISCUSSIONS

The following site characteristics were inferred from
the data sets integration operations:

Regional Geology: The regional geological map
generated from the Landsat image data shows that the site
is located on coarse-grained migmatite–gneisses with
varied styles of occurrence. The structural trend in and
around the site is generally E-W.

Site Geology: In a field survey within the site, it was
observed that the migmatite-gneiss rocks have local
preponderance of certain styles of occurrence. Based on
this observation, two variants of the migmatite-gneiss
rocks were mapped in the site. These include gray gneiss
and granite gneiss/augen gneiss (Fig. 3). These variants
presumably resulted from the differing relationships
among the styles of occurrence of the three basic types of
gneiss (early gneiss, mafic-ultramafic bands and
granitic/felsiccomponents)already observed elsewhere in
the Basement Complex of southwestern Nigeria[21,22].

Site Slope and Slope Aspect: Figure 4 illustrates the
slope disposition in the site. The general slope of the
ground surface ranges between 0 and 5o. The highest
range of slope (15o – 20o) is found around the prominent
ridge located in the south-central part of the site. Figure5
showsthe aspect of the slopes. The predominant aspect is

Fig. 3: Geological map of the site
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Fig. 4: Slope map of the site

Fig. 5: Slope aspect map of the site
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Fig. 6: Coloured magnetic anomaly map of the site

Fig. 7: An E-W geoelectric section across the site.
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Fig. 8: Depth to the competent bedrock map of the site

Fig. 9: Basement relief map of the site.
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Fig. 10: Apparent resistivity distribution map at depth level of 8 m in the site.

south. Thus, the ground surface is eroded southwards,
which phenomenon has given rise to a dissected
topography expressed by the alternation of ridges and
furrows that have a N-S orientation.

Site Bedrock Structural Features: The patterns
(signatures) of geological significance are easily
discernible in the magnetic map (Fig. 6). The narrow,
long anomaly patterns with obvious E-W orientation in
the map (Bands A-D) are suggestive of dykes or tectonic
faults/shear zones[3,23]. On the strength of the knowledge
of the regional trend of lineaments in the area hosting the
site, these patterns are interpreted as diagnostic of shear
planes and/or shear zones. Three of the zones correspond
approximately with the suspected shear planes/zones
indicated in the site geological map (Fig. 3). The results
of the semi-quantitative interpretation on the profiles
along the traverses [3] indicate that the depth to the
suspected structural features is between 8.2 and 41.9 m
and that the structures have dip values ranging from 40oS
to 82oS.

Site Subsurface Layers: An E-W geoelectric section
tyingall the 58 N-S oriented geoelectric sections is shown
in Fig. 7. The section indicates three main geoelectric
layers, namely the topsoil (clay, lateritic clay, sandy clay,
clayey sand/sand and sometimes pure laterite), the
weathered layer (clayey sand and sandy clay) and the

fresh bedrock. A fourth layer (the part ially
weathered/fractured basement) was also delineated at
some locations within the site, but could not be
represented in the geoelectric section because of the
scantiness of the points of occurrence.

Site Depth to Bedrock: The depth to the competent
bedrock is given by the total overburden thickness resting
on the bedrock. In the site, it was found to vary between
0(in areas of rock outcrop) and 48.2 m with a mean depth
value of 8.9 m (Fig. 8). The contour loops have an
approximate E-W trend mainly.

Site Basement Relief: The undulating nature of the
basement surface has given rise to depressions and ridges
(Fig. 9). Three main depressions (D1-D3) and three main
ridges (R1-R3) were identified. The drainage in the site is
to a great extent controlled by the configuration of the
basement. The same could be said of the outcrop
distribution in the site.

Site Aquifer Types: Five classes of aquifer types have
been recognized in the Basement Complex terrains of
Nigeria[24]. These include the weathered/fractured
(unconfined) aquifer and the weathered/fractured
(confined) aquifer. Others are the weathered/fractured
(unconfined) / fracture (confined) aquifer and the
fractured (confined) aquifer. All these aquifer types are
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represented in the site. The H/QH- and the HA/QHA-type
curves respectively representing the weathered layer
aquifer and the weathered/fractured (unconfined) aquifer
are, however, the commonest.

Site Water Resources: River Alatan that skirts the
southern boundary of the site and its tributary streams
constitute the surface-water bodies in and around the site.
The tributaries do not contain water during the terminal
months of the dry season. As a consequence, the only
viable prospect for surface-water development in the site
lies in the impoundment of water along the course of
River Alatan. But remote sensing data indicate that this
river may be structurally controlled.

The VES points were all evaluated for groundwater
potential of the site. The evaluation indicates that 20, 53
and 6 locations are expected to have low (0-1.49 l/s),
medium (1.5-2.49 l/s) and high (> 2.5 l/s) yield,
respectively. Most of the points with goodprospects lie in
the western half of the site.

Site Subsoil Competence: Raw apparent resisitivity
values for three theoretical depth levels (0.5 m, 3 m and
8 m)[25] were evaluated in terms of earth materials and
their competence. Clayey sand and sand/laterite/bedrock
materials (>750 ohm-m) predominate at all the depth
levels. Figure 10 shows the situation at the 8 m depth
level. With particular reference to the eastern half of the
site, sandy clay materials occur in restricted areas.
Materials underlying the site are judged to be generally
competent.

Site Soil Corrosivity: Electrical resistivity values of the
topsoil in the site have been used to assess the corrosivity
of the soils in that site[26,27]. Corrosive soils with resistivity
value of 1 0 ohm-m are practically absent from the site.
Accordingly, the soils in the site are not aggressive and
may host metallic materials without serious danger of
corrosion.

Conclusions: The natural (biophysical) environment has
many variables. An integration of remote sensing and
geophysical techniques could be used to satisfactorily
characterize the environment. This is because such an
integrated approach is capable of furnishing information
from different dimensions, namely from the air, from the
ground surface and from the subsurface. For this purpose
a four-stage order of activities has been proposed in this
study to include remotely sensed data production and
analysis; follow up ground truthing of the remote sensing
deductions; subsurface investigation using surface
geophysical methods; and integration of the results from
the preceding three stages.

To demonstrate the robustness of the proposed
approach, remote sensing and geophysical data sets,

complemented by geol og ic al /geo morp ho lo gic
information, were used to investigate the engineering
characteristics of a site located within a basement terrain.
The basic aim of the investigation was to determine the
geomorphologic, geological and near surface/subsurface
factors that may affect the location, design, construction,
operation and maintenance of engineering constructions
and to proffer suggestions for solutions to problems that
would have been delineated in the course of the site
testing.

The obtained characteristics of the site (geology,
competent surface/near surface soil, relatively shallow
depth to bedrock, practically non-corrosive near surface
horizons, etc.) are such that would not adversely affect
normal civil engineering structures that mightbe founded
on the site. However, the water resources prospects were
generally poor.

The study concludes that a combination of remote
sensing and geophysics constitutes a result-oriented
composite approach in site characterization. The multi-
disciplinary approach is capable of generating a wider
spectrum of results than would be possible by using either
of the techniques exclusively.
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