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preparation of lineament density map of fractured rock aquifer
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Abstract
The lineament density map derived from remote sensing data of the fractured rock terrain plays an important role in the
evaluation of the groundwater resource in the associated fractured aquifer. Application of the lineament density map
frequently encounters the problems of whether the density map is representative of an area and whether the map can be
effectively applied at a regional scale. Lineament data captured from Landsat ETM+ imagery in 7 domain areas in the Table
Mountain Group (TMG) sandstone terrain were used to compute and analyse lineament densities. Methods of determining
representative elementary area (REA) on a domain-area scale and on a study-area scale were developed, respectively, based
on the power law relationship of lineament densities with computing cell sizes, linear relationship of REAs with domainarea sizes, and the power law relationship of REA percentages with domain-area sizes. Using the function convergence
criterion of curve slope less than 1º and measuring dimension in units of area (L2) other than units of length (L), the REA of
each domain area can be accurately determined. REA scale-effect analysis helps to optimise the determination of REA in a
study area, and the optimisation of REAs may in turn improve the lineament density map generated for regional groundwater studies.
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Introduction
Lineament mapping from satellite imagery or aerial photography
is an important approach to regional groundwater investigation and exploration. With the increasing availability of highresolution imagery of the earth, more and more hydrogeologists
have been making use of remote sensing techniques for studying
hydrogeological conditions (Schowengerdt et al., 1979; Mabee
et al., 1994; Kresic, 1995; Drury et al., 2001), site investigation
(Sander et al., 1996; 1997), groundwater monitoring (Rodell and
Famiglietti, 2002), and groundwater protection and resource
evaluation (Koch and Mather, 1997; Bressan and Anjos, 2003).
As groundwater is not readily perceptible from remote sensing
data, surface indicators have to be used to infer the subsurface
condition which controls groundwater occurrence. Lineaments
captured from imagery often provide a crucial clue on the interpretation and analysis of groundwater flow regimes. The main
assumption that underlies all lineament analyses is that the linear
features (O’Leary et al., 1976; Waters et al., 1990), when properly
identified, represent the surface manifestations of transmissive
fracture framework of low permeability rocks (Degnan et al.,
2002). Lineaments are usually characterised by azimuth and
length distributions, length density (Ld, total length of lineaments
per unit area), frequency (Lf, total numbers of lineaments per unit
area), and intersection point density (Lc, total number of lineament intersection points per unit area). Lineament density maps
are hence important for the study of groundwater in fractured
aquifers, especially when they are incorporated
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other pertinent maps via GIS integration.
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Many efforts have contributed to the application of lineament densities to aquifer properties (Bracq and Delay, 1997;
Edet et al., 1998) and borehole productivity (Gustafsson, 1994;
Owen et al., 2003). They all seemed to conclude that lineament
densities have relations in different degrees to the occurrence
of groundwater in areas with well-exposed bedrocks. However,
the results can seldom be practical if density maps are not
properly prepared or not representative of a study area. Usually,
preparation of a lineament density map is done by segmenting lineaments with squared or circular grid cells. The Ld, Lf,
and Lc are computed for each cell, after which the density map
can be generated through various interpolation techniques.
The theoretical basis of lineament segmenting was discussed
in detail by Mostafa and Qari (1995). No matter which type
of grid cell is used, the choice of cell size is not arbitrary but
obtained through a statistical study of the spatial properties of
lineaments (Bracq and Delay, 1997; Casas et al., 2000). The
necessity of estimating a best-fitting cell size for lineament
densities leads to the application of representative elementary
area (REA), which is derived from the concept of the representative elementary volume (Bear, 1972). The concept of REA
was coined by Beven et al. (1988) and has been used to analyse
spatial heterogeneity and scale-dependent problems by Wood
et al. (1988) and Woods et al. (1995) in studies of catchment
hydrological response, aiming to determine a minimum area of
catchment at which the hydrological response keeps relatively
stationary along with the increase of catchment areas.
There has been no consensus over the criterion for the
determination of REA under the scale of consideration, and it
is mostly based on visual analysis (Tam et al., 2004), depending
on the objective of a given study. In this respect, Bygaart and
Protz (1999) and Kim et al. (2004), in their studies of pedo-features and lineament densities, respectively, suggest that the size
of REA can be determined when a level of value change is not
beyond ±10% in 3 successive measurement points. However, a
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