Application, advantages and
limitations of high-density
gravimetric surveys compared
with three-dimensional
geological modelling in
dolomite stability investigations

| J Breytenbach, P J A Bosch

The article discusses the nature of the gravimetric survey as applied and used in dolomite
stability investigations on areas underlain by the Chuniespoort Group in South Africa. A short
discussion is given on the gravimetric survey procedure along with its uses and alternative
methods. Finally, two case studies illustrate the application of the method on a high-density
survey grid spacing in comparison with three-dimensional geological modelling based on

the lithology and karst weathering horizons of the Chuniespoort Group deduced from rotary
percussion borehole data and limited rotary core borehole data. The two different case studies
highlight the advantages and limitations of the high-density gravimetric survey.

The first case studies shows that the high-density gravimetric survey can be applied to
great effect to sites with a complex, variable profile, provided the grid spacing of the survey is
adequate to identify the sub-surface features. Simultaneously, the findings of the second case
study illustrate how the method has exactly the same limitations as regular gravimetric surveys
if the scale of the grid is not compatible with sub-surface conditions.

INTRODUCTION

Development on dolomitic land in South
Africa has been a topic of much discussion.
The procedure of investigation and revision
by authorities is constantly evolving and

is periodically updated and improved to
appropriately address matters of concern. A
pivotal part of current investigative practice
is the execution of a gravimetric study. The
method is widely acknowledged to be the
most applicable geophysical method for
assessment of dolomitic sites. The applica-
tion of two high-density gravimetric studies
and comparative geological modelling are
discussed to highlight the advantages and
limitations of the high-density gravimetric
survey. The two examples considered were
researched as part of commercial investiga-
tions and are compared here in theoretical
terms.

DISCUSSION

Background on dolomite
stability investigations

Much has been discussed throughout
the last few decades concerning the

dolomite-related problems in South Africa.
In recent times more emphasis has been
placed on the risks associated with devel-
opment on dolomitic land (Kirsten et al
2009), whereas in the past, the formation
mechanism and influencing factors were
researched (Brink 1981; Kleywegt — date
unknown (a); Brink & Partridge 1965).
Many catastrophic dolomite “events”
have been discussed and recorded, the
most famous of which are arguably those
described by Brink (1981).

Current practice in the industry is to
conduct a dolomite stability investigation by
means of a gravimetric survey, percussion
drilling, surface investigation and reporting.
Reports are reviewed by the Council for
Geoscience and, based on the comments,
additional investigation may be required
or a proposed development may be sup-
ported or not. Whilst many individuals feel
that this process is overly conservative, a
number of authors have emphasised that
developments on dolomitic land must be
thoroughly investigated, and have observed
that in the past, investigative steps were
not completely sufficient; hence the con-
tinually evolving guidelines for dolomite
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investigation. Yet, despite thorough inves-
tigation, not every cavity or potential karst-
related problem can be identified (Brink
1981). The matter is not only restricted to
South Africa, as discussed by Patterson et al
(1995). A general observation is that results
of a gravimetric survey should be calibrated
and verified by means of exploratory drill-
ing (Brink 1981; Botha & Mouton — date
unknown; Trollip 2006; Kleywegt — date
unknown (a); Enslin & Smit 1955) to verify
the prevailing conditions and develop a
model of the prevailing geology (Bosch
2008).

The South African geotechnical industry
has adapted the use of rotary percussion
drilling for dolomite stability investigations.
The method was applied in the past and
drilling resistance and air loss were identi-
fied at an early stage as parameters which
serve as good indicators of sub-surface
conditions (Kleywegt — unknown date (b)).
Under general conditions, percussion drill-
ing for dolomitic investigations in South
Africa is halted at a pre-established depth
(e.g. 60 m or 100 m, depending on the
geological nature and the results required)
or when six successive metres of hard
bedrock are encountered. In other countries
the required depth of drilling is often
more lenient. For example, Zisman (2001)
describes that drilling in Tampa, Florida,
is halted 1,5 m into bedrock. Though it is
not the purpose of this article to discuss
such matters, the occurrence of floaters
in the South African dolomite profiles
would render such limited bedrock drilling
pointless.

Geophysical methods and
dolomite stability investigations
A number of geophysical methods have
been applied and tested to aid in assess-
ments of dolomite terrain and it is clear that
selection of an effective method is not a
simple task (Van Schoor 2002). The limiting
factor is not an unsuitable or ineffective
geophysical method, but rather the com-
plexity of dolomite and karst profiles (Roux
1981), resulting in a highly variable and
unpredictable survey target (Van Schoor
2002). Whilst some of these methods were
promising, few delivered sensible results
that could be applied consistently. Articles
have been written in the past which com-
pare various geophysical methods with one
another (Roux 1981; Kleywegt — unknown
date (b)). A short, simplified discussion on
methods (other than gravimetric) applied to
dolomite stability investigations and their
associated limitations follows:
B Ground penetrating radar (GPR) is

a promising method for surveying

near-surface conditions (Van Schoor
2002). The depth that the method can
survey is its main limiting factor. Zisman
(2001) indicates that the method is
limited to depths between 30 feet and

40 feet and it is unable to penetrate clay
zones. Van Schoor (2002) also indicates
that cavities in the sub-surface are nearly
undetectable in the presence of conduc-
tive overburden, whilst the presence of
pinnacles or boulders could produce
reflections that interfere with the data,
thereby obscuring other data.
Electromagnetic surveys were found to
have limited potential in the investiga-
tion of dolomitic areas, due to a lack of
resolution in highly variable conditions,
and are more suitable for areas of shal-
low dolomite (Botha & Mouton — date
unknown). The method is better applied
to the identification of faults and dykes
according to Enslin and Smit (1955).
Seismic surveying is theoretically a
good method for the investigation of
dolomitic areas, as the expected high
velocity through bedrock materials and a
much lower velocity through overburden
should provide good contrast. However,
Formanek (1981) pointed out that the
method is limited by the fact that low
velocities cannot be detected below high
velocities (e.g. a cavity below overburden
or within thin bedrock cover). The
author also stated that the accuracy

of the method is affected by a rugged
sub-surface, such as typically associated
with a dolomitic, pinnacle-rich profile.
Further limitations of the method
include the fact that it does not discern
small features clearly. Zisman (2001)
concluded that the seismic method

is more suitable to profiles in which

the material density and subsequent
sounding velocity increase with depth, a
property which is frequently reversed in
a dolomite profile.

Resistivity surveys focus on the differ-
ence in electrical conductivity or resis-
tivity of different strata (Zisman 2001).
According to the author, the method is
capable of surveying to a depth roughly
equivalent to 20% of the line length uti-
lised for surveying. In general, though,
the method is useful for surveying
depths of up to 30 metres (Zisman 2001).
Enslin and Smit (1955) also indicate that
the resistivity method was abandoned as
impractical in application to dolomitic
terrains. However, the method (multi-
pole resistivity) can be applied with
success to map slots and intrusions in
shallow dolomitic bedrock.

Review of the gravimetric survey
The gravimetric survey is a multi-phase
procedure. The method consists of initial
fieldwork and measurements (preferably on
a grid) of small variations in the prevalent
gravity field (Enslin & Smit 1955), followed
by data processing and correction (e.g. for
instrument drift). The initial results are
generally utilised as a guide for percussion
drilling. Thereafter the drill data is used to
calibrate the gravimetric model. The size of
the grid spacing on which the gravimetric
survey is conducted is usually selected

after reviewing the purpose and scale of
the project. For example, surveys for large
areas (regional) can be conducted using a
30 metre grid spacing, whilst medium-sized
projects may utilise a ten metre grid spac-
ing (Botha & Mouton — date unknown).
Guidelines provided by the Council for
Geoscience (2007) also indicate that the
grid spacing of the survey should not exceed
the overburden thickness (i.e. the grid
should be roughly the same as the vertical
distance to bedrock), though this is given
as a rough guide and can only be confirmed
once drilling has commenced.

The ultimate aim of the residual grav-
ity survey is to indicate dolomite bedrock
topography by estimating the thickness of
the overburden (Trollip 2006; Kleywegt —
date unknown (a), Roux 1981). In doing so,
potentially safe and dangerous zones can be
identified which are to be investigated by
drilling (Enslin & Smit 1955). A simplified
explanation is that shallow bedrock will
result in a higher gravity reading than deep
bedrock, if measured from the same horizon-
tal plane.

The method is not without limitations,
though. The equipment used is fairly sensi-
tive, and as such excessive ground noise (e.g.
drilling, blasting etc) will adversely affect the
survey (Patterson et al 1995). Roux (1981)
also indicates that the residual gravity survey
will not present accurate readings over bed-
rock with steep gradients or structures which
are narrow. Keeping this in mind, structures
such as grikes or pinnacles may not be iden-
tified by gravimetric results (Trollip 2006)
and may have a profound effect on the preva-
lent dolomite stability. The scale of features
which may not be identified by a gravimetric
survey may depend to a large extent on the
grid spacing used for the survey compared
with the size of the feature (e.g. a survey on
30 metre grid spacing will not recognise a
five metre diameter cavity).

The results of gravimetric surveys are
dependent on density contrasts between
materials in the profile (Van Schoor 2002).
A typical survey would reveal areas of high,
low and intermediate (or transient) residual
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gravity. Whilst one may hastily assume that
areas indicated as having a “low gravity”
would be the best target for cavities and
adverse conditions, some authors do not
agree. Enslin and Smit (1955) state that an
area of closely spaced gravity contours (i.e.
areas where a steep gravity gradient occurs)
is likely to be problematic. To further com-
plicate the matter, Trollip (2006) emphasises
that different mass distributions may be
associated with a single anomaly.

Another critical element of the gravi-
metric method is the reproducibility of data.
Though it is not the aim of this article to
discuss the matter, the gravimetric survey
is subject to recording errors and must
therefore be analysed to ensure accuracy and
reproducibility.

As a point of interest, the equipment used
for the gravimetric surveys conducted in this
study was kindly subjected to reproducibility
testing at the request of the authors. Upon
discussing the matter of data reproducibility
with Mr Richard Day of Engineering and
Exploration Geophysical Services cc — the
company which conducted the gravimetric
surveys used in this discussion — data meas-
urements were repeated on an independent
site to assess reproducibility. The results
were found to be satisfactory after data
refinement had been completed. Critically,
the data refinement included adapting data
according to base station readings and
removing trends.

Principles of the high-density
gravimetric survey

As can be deduced from the name, the
high-density gravimetric survey is a gravi-
metric survey conducted at a short interval,
using smaller grid spacing. In the context
of this article “high-density” grid spacing
was accepted as five metre grid spacing. In
comparison, Patterson et al (1995) discusses
a project using “microgravity”, based on eight
metre grid spacing.

The high-density method uses the same
equipment and principles as a regular
gravimetric survey, with the fundamental
difference being that a larger number of
points are observed which provide more
detailed data at closer spacing. The more
detailed data, in turn, can be manipulated
to give a higher resolution model of the
sub-surface. The biggest negative aspect of
the high-density survey is its cost, though
execution of a high-density gravimetric sur-
vey remains more cost effective than closely
spaced exploratory drilling, which may not
necessarily yield a representative profile of
the bedrock distribution (Brink 1981) and
may also fail to intercept anomalies in the
profile.

Principles of three-dimensional
geological modelling

The three-dimensional geological models
may be formulated according to the geo-
logical information requirements of the
engineering geological investigation, and
this may include the classification of rock
types into formal lithostratigraphic units or
combination of rock types with engineer-
ing geological parameters. It is therefore
important to log (or describe) the material
obtained from rotary percussion drilling or
rotary core drilling in sufficient detail to
enable the interpretation and conversion of
data into engineering geological or lithos-
tratigraphic units. Examples of parameters
to be described which prove most useful in
this regard include the degree of weather-
ing, the hardness of the rock, density of the
rock, deformation of the rock, rock types,
formal geological units or any combination
of these. Subdivision of rock strata into
formal geological units requires specialised
knowledge of the regolith horizons, rock
types and structures related to the dolo-
mitic hazardous land.

The complete compilation of the three-
dimensional geological models is a lengthy
process. The entire method and steps per-
formed can therefore not be included in this
article due to space constraints.

CASE STUDY ONE:
IRENE, CENTURION

Introduction

The first case study concerns a commercial
development in the Irene vicinity. The study
area falls within a larger area which was
previously investigated on a regional level on
two occasions.

The area under investigation was
roughly 5,7 ha in size and made out a small
portion of the area previously investigated
on a regional level. The region is located on
the weathered and unweathered chemical
sediments (mainly dolomite, chert, chert-
residuum and wad) associated with the
Chuniespoort Group, and bedrock in the
area is extensively intruded by erratically
distributed syenite. The geology of the
dolomitic land may be highly complex, due
to various lithological changes, chemical
changes in the rock, variable weathering
periods and associated karstic materials.
Also, geological structures such as folding,
faulting, jointing, igneous intrusions and
karstic features are to be considered.

The project commenced with footprint
drilling on the layouts of the proposed
structures and trial-hole inspection after
consulting the available reports. The

boreholes were placed after consulting the
results of the regional gravimetric survey
executed for previous (regional) investiga-
tions. However, drilling soon revealed
extensive sample and air losses, along with
rapid to intermediate drill rates and irregu-
lar drilling. In addition, hard bedrock was
encountered at variable depths across the
study area. In short, conditions appeared
challenging and variable over short inter-
vals and could not be suitably refined with
the existing gravimetric survey, done on a
regional scale.

It became apparent that pinnacles were
present on a portion of the study area, but
a lack of sample recovery left uncertainty
regarding the remainder of the property.
Also, a lack of sample recovery limited the
identification of overburden materials, a
critical aspect considering that the dolomite
stability of the study area was being evalu-
ated. In order to evaluate the materials
of which no samples could be retrieved
by percussion drilling, four rotary core
boreholes were drilled through the relevant
depth intervals in an attempt to obtain
representative samples from the profile.
The materials recovered by the core drilling
comprised unconsolidated chert residuum
and (limited) dolomite residuum which
showed signs of extensive low temperature
hydrothermal activity. Both bedrock and
residuum contained evidence of very fine
(low temperature) hydrothermal crystal-
lisation. The unconsolidated nature of the
materials explained the sample and air
losses encountered by percussion drilling,
as chips and air pressure simply dissipated
into the small voids between the residuum
clasts.

High-density gravimetric survey
Whilst the state and nature of the materials
in the profile were explained by the core
drilling, the distribution and intervals of
the residuum and bedrock were still not
clear. After consulting Mr Richard Day of
Engineering and Exploration Geophysical
Services CC and discussing the matter with
the client, it was decided to perform a more
detailed gravimetric survey over the entire
site. Where the previous geophysical survey
was done on 30 metre grid spacing, the new
(high-density) survey was done on five metre
grid spacing. The survey was performed
using a Scintrex Autograv gravimeter, taking
readings at points set out by GPS. The results
were processed using Surfer (version 9.9.785)
software and refined using the existing bore-
hole data. Figure 1 illustrates the residual
gravimetric results.

After refining the data using the exist-
ing borehole information, the data was
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Figure 1 Results of the residual gravity, case study one
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Figure 2 Three-dimensional representation of the gravimetric survey results, case study one

manipulated to produce a three-dimensional
representation, as illustrated in Figure 2.

Three-dimensional

geological modelling

For the purposes of direct comparison
between the three-dimensional geological
modelling and the depicted gravimetric

results, the three-dimensional model based
on borehole data had to be simplified. As
the gravimetric survey is concerned only
with estimating the depth to bedrock (or
conversely the thickness of overburden),
the borehole data was drastically simplified
into two classes, namely overburden
(comprising all non-bedrock materials) and

Figure 3 Three-dimensional geological model,
case study one

bedrock. Based on the current requirements
for dolomite investigations, bedrock was
assumed to be hard bedrock, as defined

by drill times exceeding three minutes per
metre drilled.

Borehole locality information, col-
lar altitude and borehole depth intervals
of the defined units were compiled in a
Microsoft Office Excel® spreadsheet. These
spreadsheets were then imported into the
RockWorks15 (a product of RocWare®)
software which was used to compile isopach
maps of the thickness of the various units.
The results of extensive isopach modelling
were then manipulated to produce cross-
sections and three-dimensional solid and
transparent block diagrams that display the
architecture of the various chosen units.

In the case of the studies at hand, though,
the extensive isopach comparisons will be
omitted due to publication constraints and
only the three-dimensional representa-
tions compiled from borehole data will be
compared with the results of the gravimetric
survey to ascertain the ground truth of
the predicted bedrock profile. The model
derived from the borehole data is illustrated
in Figure 3.

Discussion

The results of the high-density gravimetric
survey enabled the engineering geolo-

gist to piece all the information obtained
together and derive a hypothesis of the karst
profile investigated. It is emphasised that
this is merely a hypothesis, as verification
would require intensive further regional
investigation.

It is speculated that vertical displace-
ment occurred on the site, presumably along
a normal fault, resulting in one portion
having bedrock at a significantly deeper
interval than the remainder of the site. As
time passed, chert residuum backfilled the
vertically displaced area to produce a near
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uniform ground level. The intrusion of syen-
ite in the vicinity was most likely the cause of
hydrothermal activity, which forced thermal
fluids to move through both the dolomite
bedrock and the residuum. This is evident
from the fact that the crystallisation was
encountered in both residuum and bedrock
materials.

In this case study the high-density
gravimetric survey proved to be adequate
in interpreting the prevailing site condi-
tions and profiles. Though costly, proving
the same results by means of additional
(exploratory) rotary percussion drilling or
rotary core drilling would have resulted in
considerably bigger expenditure and most
probably would not have yielded as clear a
model as had been delivered by the gravi-
metric survey.

From the observations made by compa-
ring the three-dimensional model derived
from borehole data with the gravimetric
results (and subsequent model) it appears
that the geology of the area is complicated
and not readily explained. As an example,
the modelling of boreholes presented a
second possible hypothesis in that the
dolomite profile may be explained in terms
of structural geology as an anticlinal ridge,
rather than a vertically displaced fault
system. Nevertheless, detailed investigation
showed that the distribution pattern of
the gravity signal is representative of
the geological strata, the structures and
the extent of weathering resulting in the
bedrock profile.

In summary then, on this site the
gravimetric survey conducted on 30 metre
grid spacing for the regional investigation
could not be effectively utilised to interpret
the karst topography for small areas, as the
results of the survey are scale-dependent.
The results of the high-density survey,
though, proved pivotal in explaining the
prevailing conditions and correlate well
with the ground truth model produced from
borehole data.

CASE STUDY TWO:
HIGHVELD, CENTURION

Introduction
As with case study one, this project involved
a proposed commercial development. The
larger surrounding area had also been
investigated on a regional level in the past
and, as in the first case study, the area is
also underlain by dolomite and chert in
addition to karst weathering products of the
Chuniespoort Group.

The study area consisted of only the
footprint area of one proposed building

- —0,30

- —-0,35

Figure 4 Three-dimensional representation of the gravimetric survey results, case study two

and its immediate peripheral area, and is
significantly smaller than the area investi-
gated in case study one, covering an area of
some 5 400 square metres. The investigative
procedure again commenced with trial-hole
inspection and rotary percussion drilling,
after consulting the existing report and
results of the regional gravimetric survey.
Again, it was realised that conditions within
the footprint area were inconsistent and
erratic, as dolomitic bedrock appeared to be
incised and filled with variable materials,
and therefore the regional gravimetric survey
was not sufficient.

It was deduced that the site was underlain
by bedrock which had been incised by (what
is now) the Sesmylspruit — a perennial water
course in close proximity of the study area.
The incisions in the bedrock were subse-
quently most likely backfilled by alluvial
materials (i.e. river deposits) comprising a
material mixture which includes both fine
sandy alluvium and massive transported
boulders. Such mixed alluvial materials are
frequently encountered in the flood plain of
the Sesmylspruit.

Gravimetric survey

It was once again decided to conduct a high-
density gravimetric survey on the site, using
five metre grid spacing, as opposed to the
30 metre grid spacing used for the regional
survey. The survey was performed using the
same equipment and methodology indicated
in the first case study. The data from the
boreholes already drilled was used to refine
the model produced by the gravimetric
survey, and the results of the calibrated
model were indicative of the complexity of
the sub-surface, as illustrated in the three-
dimensional depiction of the gravimetric
survey (see Figure 4). Based on this model,
additional percussion boreholes were drilled
at key points in an attempt to gain further
insight into the profile.

The additional drill samples that were
obtained, confirmed the initial findings of
a highly irregular bedrock profile. However,
upon considering the information obtained
from all the boreholes drilled, compared
with the results of the high-density
gravimetric survey, the results were not
entirely sensible. Occasional air and sample
losses were recorded whilst cavities were
encountered in areas of low and intermedi-
ate “gravity”, which is in accordance with
the current understanding and application
of the method in dolomitic environments.
However, a cavity was also intercepted in a
“gravity high” area. This borehole contained
(what is interpreted as) a succession of dolo-
mitic boulders in an alluvial matrix, with
hard bedrock encountered at a depth of 25
metres. In comparison, another borehole
located on a “gravity high” area revealed
hard bedrock from a depth of six metres.
The converse was also encountered in a
borehole in a “gravity low” area revealing
hard bedrock at a depth of seven metres.
Simply stated, the borehole data contra-
dicted the gravimetric survey in a number
of occasions.

Three-dimensional

geological modelling

The geological model compiled for case
study two was produced using the same
assumptions made for case study one; hence
borehole data was divided only as bedrock
or overburden to simplify the model. The
geological model compiled from borehole
data depicts a significantly different image
than portrayed by the gravimetric results.
That being stated, however, it is anticipated
that, due to the highly variable sub-surface
conditions, the amount of data obtained
from boreholes is not sufficient to produce
an entirely representative model. The model
based on borehole data is illustrated in
Figure 5.
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Figure 5 Three-dimensional geological model,
case study two

Discussion

Both the ground truth model (based on
borehole data) and the model resulting from
the gravimetric survey show that the area is
geologically and structurally very complex.
The area has a complicated sub-surface
topography of ridges and valleys. These
features were interpreted as incisions and
pinnacles that were influenced by flow chan-
nel erosion and differential (and preferential)
weathering by the adjacent Sesmylspruit.
Such erosion occurred in the geological
history of the area. Regardless of this, some
features identified by the gravimetric survey
could be related to the geological model,
though the correlation was poor, at best. In
addition, the limited accuracy of the geologi-
cal model must also be anticipated.

Conditions were simply too variable over
very small intervals to allow accurate depic-
tion by the gravimetric survey alone, even
one executed on a five metre grid. The high
variability of the area exceeds the potential
of the grid spacing applied. As such, pin-
nacles or cavities may be misinterpreted
or even missed. Even large structures were
not easily identified with the gravimetric
survey and these only became apparent with
the aid of the three-dimensional geological
modelling, which is also considered to be
of very limited accuracy. It also appears
that large dolomite boulders set in alluvium
may deliver false representation as bedrock
or pinnacles by the gravity survey, but this
interpretation may be corrected if boreholes
penetrate these boulders and are drilled into
the underlying lithologies.

All things considered, the gravimetric
survey that had been conducted at a higher
density failed to provide sufficient additional
insight into the bedrock profile, a limitation
also suffered by the model that was produced
based on the borehole data. In this case,
it is anticipated that the only manner of
identifying the true bedrock profile would be

to conduct exploratory drilling — most likely
on one metre grid spacing — followed by
intense stratigraphic modelling. This never
materialised though, as the adverse condi-
tions encountered (i.e. large cavities in the
profile) resulted in an unfavourable inherent
risk classification, disqualifying the site from
use for the proposed project. The project was
ultimately abandoned.

CONCLUSION

The high-density gravimetric method proved

to be an excellent and potent tool under suit-

able circumstances, but also failed to be of
notable use on its own under intensely vari-
able (variation from one metre to the next)
conditions. It was found that the results of
this method compared well with true condi-
tions encountered on site one. However,

the predicted model failed to show notable

correspondence with the model produced for

site two. The real life model produced for the
latter site is also expected to be of limited
accuracy, due to the high degree of variabi-
lity in the sub-surface profile.

The high-density gravimetric method
(with verification drilling) therefore serves
as a very powerful alternative to exploratory
drilling on challenging sites, but essentially
suffers the same limitations as conventional
gravimetric surveys:

B The method is susceptible to a scale
factor. As such, conditions with high
variability over very short intervals may
not be accurately depicted by the method,
as proved by case study two. The method
is known to depict rapid changes such as
steep gravity contours (e.g. incised chan-
nel walls) inaccurately.

B Large boulders in the profile may deliver
misleading results, as proved by case
study two.

B The method requires verification (e.g.
drilling of boreholes) and may not be
accepted as a representative model
of actual conditions without such
verification.

B The grid spacing at which the survey is
done must be appropriate to the nature of
the ground conditions in the study area,
and critically, to the underlying profile.
This grid size of a high-density gravimet-
ric survey cannot be estimated until an
initial survey and drilling has been done.

On the other hand, the method holds some

major advantages when the grid spacing that

is utilised complements the underlying study
area. Amongst these are:

B The application of a high-density gravi-
metric survey, though costly, will prove
more viable when compared with the
costs of exploratory drilling on similarly

sized grid spacing and subsequent intense

modelling.

B The method delivers a wealth of informa-
tion which, upon verification by drilling,
enables the investigator to derive a model
of the sub-surface and explore key areas.

In conclusion then, the high-density gravi-

metric survey is a method worth considering

on sites which prove challenging as far as the
prevailing profile is concerned. The method
can serve as a potent aid in understanding
the prevailing conditions and formulating

a geological model in the same way that

surveys on a larger grid are used to verify

regional scenarios. Due to the costs related
to such a survey, the method should prefer-
ably only be applied to sites where the only
remaining alternative is exploratory drilling
on a fixed grid. However, the method still
suffers the same limitations as conventional
gravimetric surveys, and as such must be
interpreted and considered within its
limitations.

Finally, the comparison between the
models predicted by the gravimetric study
and the three-dimensional models depicting
real life conditions, emphasises the extent
to which the modelling and characterisation
of borehole data can benefit the investiga-
tion and understanding of the karst profile.
Whilst current practice requires the use of
gravimetric analyses only, the additional geo-
logical modelling considered in conjunction
with gravimetric data can be manipulated
to produce sub-surface models of greater
accuracy in a complex geological environ-
ment than can be produced by a gravimetric
survey or even high-density gravimetric sur-
vey. However, the greater accuracy of such a
model would necessitate additional explora-
tory drilling resulting in amplified costs.
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