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EXECUTIVE SUMMARY

1. Background

The Department of Water Affairs and Forestry has identified the provision of sustainable
water and sanitation services 10 all as being one of its top priorities (DWAF. 1993). The
challenge of providing developing rural areas in South Africa with sufficient potable water is
substantial, especially where settiement is not densely concentrated and the ability 10 pay is
low. The water requirements of these settlements can be met most cost-effectivels from
groundwater. The provision of these regions with sufficiemt potable water is complicated by
the large backlog in water delivers. which results in pressure for rapid senice deliveny at the
expense of time-consuming groundwater exploration methods.

Previous studies (King. 1997) have shown that some of the greatest water needs occur in
regions underlain by fractured basement aquifers with complex hyvdrogeology and where the
exploitation potential of groundwater has been thought 1o be low due 10 historically low
drilling success rates or the high frequency of low yvielding boreholes.  Groundwater
exploration success rates in these environments have been relatively low due to inappropriate
exploration or interpretation methods resulting from an incomplete understanding of the
geohyvdrology

The current paradigm of groundwater exploration in South Africa, as well as in many other
places in Africa. 1s based on a geophysical approach. where most boreholes are sited on
anomalies idemified from magnetic or clectromagnetic traverses. often with linle or no
understanding of the structural geology of the target area.  In many areas of complex
hydrogeology this technique has proved to be unsuccessful for a variety of reasons. Specific
causes that have been identified include:

. an inadequate understanding of the occurrence of groundwater and the factors
affecting permeability in these 1errains, leading 10 inappropriate exploration planning:

- siting of borcholes on geophysical anomalies without a conceptual understanding of
the geological framework and how it affects the geophysical response, or siting
boreholes without an adequate interpretation of the geophysical data:

. the use of only one geophysical method. which makes the interpretation of anomalies
difficult or unsubstantiated:

* the use of imappropriate geophy sical methods for the specific terrain: and

. inappropriate or insufficient quantification of the sustainable vield of borcholes due to
inadequate test pumping procedure or analyvsis methods.,

As the demand for groundwater grows and the more obvious aquifers and targer features
become increasingly exploited, it can be expected that further development will have w0
consider alternative targets in such problematic and complex fractured geological
environments. Significant savings in exploration and especially drilling costs can be realised
if success rates could be improved. However, it is essential not to consider exploration in
isolation from resource cvaluation. If these complex terrain’s are 10 be developed in a
sustainable manner, the imponance of quantifving groundwater resources will be magnified
due 10 the their low potential.
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- cvaluate the ability of currently used geophysical methods to distinguish or delineate
target features.
quantify the explonation potential of groundwater and evaluate methods for
estimating sustainable aquifer and borehole vields:

- and to develop guidelines for groundwater exploitation in these environments.

The geological evaluation of target features and the guidelines for groundwater exploration
will assist water practitioners with siting boreholes and interpreting geophvsical data.
Furthermore it will reduce the use of inappropriate geophysical methods and or the siting of
boreholes based on an incorrect geophysical interpretation. This will reduce the frequency of
incorrectly sited boreholes and increase the drilling success rate.

The evaluation of methods 1o estimate sustainable vield will assist consultants and

implementing agents with planning pumping tests and recommending pumping rates so that
groundwater abstraction does not exceed sustainable vield of the aquifer.

3. Research Areas

Field data is provided from 4 study areas in South Africa. The four research areas were
selected on the basis of the following criteria:

The area is densely populated rural region with underdeveloped infrastructure and services
and has been identified as a critical water deficit area by DWAF.

W ater scarcity is a serious problem and the area and relies mostly on springs. rivers, hand-dug
wells and some boreholes. Groundwater would be a preferred water option in the area because
of its generally availability even in drought situations and its relatively good quality.

I'he areas are underlain by fractured bedrock aquifers where success rates and borehole vields
have been historically low. vet high vielding holes are present suggesting that suitable
hydrogeological target features do exist.

The areas which have been studied include: the Natal Metamorphic Province of the KwaZulu-
Natal south coast in the vicinity of Mapumulo: regions underlain by thick Dwyka Group
rocks inland of the south coast in the vicinity of Harding: the greenstone belt of the Barberton
Supergroup in the vicinity of Tjakastad. and the basement rocks and greenstones of the
Limpopo Mobile Belt in the vicinity of Alldays,

4. Dwyka Group

The area of investigation is situated immediately north of the Transkei border, about 12 km
southeast of Harding in KwaZulu-Natal. Water demand 1n the study arca is primarily for
domestic purposes and parthy for small-scale agricultural activity. Currently, water supply
needs are met mostly from upland springs, rivers in the valley bottoms, and boreholes
equipped with hand pumps. However, groundwater could play an important role. as it is a
reliable water source, even in drought situations, and is generally of good quality compared 1o
other water sources in the arca. Water supply provision is complicated by the fact that
settlement is concentrated on hill tops and extremely limited access exists 1o low Iving areas,
where 2 more assured water supply could be located. The extreme topography, however,
would create static pumping heads of over 300 m: hence, groundwater exploration is
predominantly restricted to the hill top regions.




Fhe nllite has a vers low permeability and forms 2 cover of up 10 450 m thickness in the area.
which prevents drilling through the formation into a more consistent aquifer. This fact is
reflected in the vers poor historical success rate in the area, with 84 %5 of the holes being dn
These unfavourable hydraulic properties explain the relatively low vield of the aquifer. An
average blow vield of (.14 I's can be expected in wet boreholes: however. this is not
sustainable on a continuous basis since fractures in the arca are seldom imerconnected. Hence
long-term sustainability is limited for all but very low pumping rates. The investigations
suggest that high yvielding boreholes can only be found at sites where several interconnected
fractures exist to enlarge the general low permeability of the formation. The massive nature of
the rock and the brintle calcite filled fractures suggest that the formation may be a candidate
for hydrofracturing to increase vields and fracture connectivin

The research study showed that successtul groundwater exploration for the area is possible.
but should be limited to establish hand pump schemes. In addition, the water quality of the
Dwyka tillites is suitable for domestic consumption. An evaluation of the structural geology
and the hydrogeological conditions of the area together with a suitable geophysical method
for the environment pushed the drilling success rate up from a historical 12 % to 50 %. The
unfasourable hyvdraulic properties of the tillite however, limit the vield of holes and median
vields of successful holes could not be increased. Therefore, groundwater abstraction in the
area will mostly be restricted to explontation through hand pumps 10 support small
communities. High vielding boreholes are seldom encountered and can only be found at
major fault zones where interconnected fracture zones are present to distinctively enlarge the
permeabdility of the subsurface. These are located at the margins of the Dwyka Group.

5. Natal Metamorphic Province

I'he Natal Metamorphic Province underlies 13% of all rural areas in KwaZulu-Namal and
therefore underlies more of the rural arcas than any other Ithological province. It is also
relatively densely settled. The rescarch area is situated in the Mapumulo District of KwaZulu-
Natal. about 30 km northwest of Stanger and 75 km north of Durban and extends over
approximately 1300 km~ The area is bounded by steep sandstone cliffs to the east and west.
while the Tugela thrust belt forms the northern boundary.

Water in the study arca is used for domestic purposes and parth for small-scale agricultural
activity . Currently. water supply needs are mostly met from rivers and springs, with boreholes
equipped with hand pumps playing a secondary role. However, groundwater could play an
important role. as it is a reliable water source, even in drought situations and is generally of
cood qualinn compared 1o other water sources in the area. Settlement varies from dispersed
and isolated kraals to dense settlements in communities

The rocks of the Natal Metamorphic Province are characterised by negligible priman
porosity and groundwater movement is primarily within hard rock aquifers and controlled by
zones of deep weathering, faulting, fracturing and jointing. Accordingly. water strikes or
scepage encountered in the exploration boreholes drilled during the investigations are either
associated with the conmtact between weathered and sohid bedrock, or deep-seated fracture
zones of low permeabiliny but high confining pressure. There is no evidence of any additional
aquifers at contacts between different lithologies. suggesting that tectonic contacts are more
relevant than lithological contacts. Lithological variations are more significant in terms of
water gualits, with poorer water quality having been recorded in schists and granites (King.
1097




The area exhibits a poor historical success rate with about 46% of the holes being dn.
Borehole vields are generally low with only 23% giving a vield greater than | I's, however in
this study greater than 75% of boreholes vielded more than | 1s. These reported borehole
vields are mainly derived from blow tests and seldom from a long duration test. Therefore the
percentage of boreholes with a sustainable yield exceeding | I's is likely 10 be much lower.
Dry boreholes as well as high yvielding holes have been drilled into al! lithologies and are not
restricted 10 any specific rock type: poor and high vielding holes occur within the same
lithology and give evidence that structures of tectonic origin are a major factor influencing
groundwater occurrence,

During the Critical Imervention Programme, where only geophysical siting was used. 37% of
27 borcholes drilled in the study arca were dry and only 2 had blow vields exceeding 1 1's
I'he median vield of successtul holes was 0.1 I's. This study achieved an 89%% success rate.
with 7 of 9 boreholes exceeding | I's and a median yvield of between 1.8-3.3 Vs, This suggests
that the aquifer can be reconsidered in terms of reticulated water supply if a scientifically
appropriate exploration strategy is adhered 10

I'he research showed that successful groundwater exploration for the area is possible. An
evaluation of the structural geology and the hydrogeological conditions of the area together
with a suitable geophysical method for the environment pushed the drilling success rate up
from a historical 34% (NGDB) and 63% (Critical Intervention Program) 10 89%. Beside the
improved success rates. the research did result in significantly improved vields. Whereas the
median vield for the NGDB and CIP records is 0.11s. a median vield of 1.81's was achieved
with the applied exploration method. which accordingly lowers water production costs
considerably. The average vield of all boreholes was pushed up from a historical 0.961's 10
2.55V's

6. Limpopo Maobile Belt

The rescarch arca is situated near the northern border of the Northern Province in the
Limpopo River catchment and is underlain by rocks of the Limpopo Mobile Belt (LMB). This
geological province is an E-W elongated low Iying belt straddling eastern Botswana, southem
Zimbabwe and the northermn parnt of the Northern Province in South Africa. Two study arcas
were selected within the belt, one situated in the northern Bochum District west and
southwest of Alldavs (study area 1), and the other (study area 11) is located in Messina District
east of Messina (Figure 6-1). Study area | is characteristic of the western part of the LMB.
where a quaternany sand cover overlies the metamorphic basement rochs. Rock outerops are
few and the topography is level. Study area 11 represents the situation in the eastern pant of the
LMB. where the basement rochs are exposed at surface. with rare occurrences of quaternan
cover

The arca exhibits a poor historical success rate with <40%0f boreholes vielding water
vielding more than 0.1 | s. Borehole yields fall mainly in the categony between 0.01 and | I's
(69% study arca | and 45% study area 1), with the median vield of successful boreholes being
only 0.39 1's Only 13% of boreholes vield more than 2 I's. Dry boreholes as well as high
vielding boreholes have been drilled in all lithologies and are not restricted to any specific
rock tvpe.

The aquifers of the Limpopo Mobile Belt are predominantly structurally controlled and
significant water movement is restricted to major fracture and fault zones, primarily related to
recent (Post Karoo) geodynamics. These structures can be extremely high vielding and can
generate blow vields in excess of 20 I's. In many instances the distance 10 streams and rivers
is indicative of a fault zone. since many rivers tend 10 follow structures when they deviate or
dogleg from the northerly surface topographic gradient. The highest vielding boreholes are
drilled into ENE striking features. the oriemation considered as exiensional in nature
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ground-based geophysics. with the EM-34 and magnetometer being the most widely used
methods. This approach has been widely used in the study arcas investigated. and has been
shown 10 be relatively unsuccessful and uneconomical when compared to the results that
could be achieved by a more integrated and geologically focussed approach. However. using
data from the Critical Imervention Programme in KwaZulu-Natal. where the above mentioned
geophysical approach was adopted. the geophysical approach has been shown to be more
economical than historical success rates. however. median vields were NOT increased. The
major disadvantage of this method is that the nature of the hydrogeological targets is rarely
understood. neither are the structural and geological stress conditions that control the
orientation of structures. which in tun control the distribution of groundwater yield.
Consequently. the method is commonly no more than “anomaly hunting”. with geophy sical
anomalies being attributed 10 potential weathering profiles, intrusive contacts, or potentially
water bearing fracture zones that are assumed 0 be hydrogeological targets. Often lintle is
known about variations in rock mineralogy. the presence of clay gouge in shears. or the
existence of complex folding of the rock fabric. all of which could result in geophysical
anomalies. These conditions result in geophysical anomalies over features that are not
hydrogeologically significant or even water bearing. In addition. little is known about the
regional extensiveness of potential targets or current structural stresses that determine whether
the feature is hydrogeologically significant.

The addition of remote sensing to the exploration toolbox allows the regional extensiveness of
targets 1o be identified. LANDSAT TM images or aerial photos assist with identifving
potential geological lincaments that are regionally significant so that ground based geophysics
can be more intelligently directed towards the location of specific targets. However, such
lincaments are not always structurally significant. and the geological stresses responsible for
the features are not understood. hence their ultimate water bearing potential is unknown.

A study of the tectonic history and the geodynamics of a region offers the advamage of
providing a framework for identifying targets that are hydrogeologically significant based on
the understanding of curremt stress conditions. Consequently. structurally  significant
lineaments can be identified and geophy sical exploration restricted to targets considered to be
of greatest potential.

Hydrocensus

Objective

The objective of a hydrocensus is 10 hadrogeologically characterise a region in terms of the
physical and economic feasibility of meeting water demands through groundwater by
quantifying:

Eapected borehole vields and their variability by geological domain
Historic dnilling success rates and probabilities of exceeding specific yields
Proximity of boreholes 1o geological structures and their yvield

Depth to water strikes

Static water levels

Groundwater chemastry

Potential hydrogeological targets

These investigations should attempt to determine the number of boreholes that will be
required 10 meet water demands. the role of geological structures on vield. the depth 1o which
boreholes should be drilled. and the suitability of water quality for the desired usage.

The location of high vielding borcholes may also assist in identifying targets that are
potentially high vielding.

vii
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Geodynamic investigations aim to develop a conceptual model of pre- post- and syntectonic
geological exolution that describes historical extension. compression and shear orientations in
geological time. The objective is to define a chronologically expected pattern 10 explain
observed faulting by strain analysis using a strain ellipse. The potential rejuvenation of such
structures by subsequent tectonic events can then be identified and the present strain on
existing structures can be identified. Existing structures considered 10 be under extension
present hydrogeological targets.

Strain analysis conducted during geodynamic investigations also permits an understanding or
classification of obsenved lineaments and joint pattems in terms of their origin and present
strain conditions. hence allowing the identification of preferred structures.

Methodology
The process involves investigations into:

e Identification of geological domains based on lithology. geochronology and structural
setting

e Pre-depositional environment to identify aquifer boundaries and their nature

(depositional-lithological versus post depositional or tectonic)

Plate tectonics and its impact on geological strain in the region

Metamorphism and ductile deformation episodes and their expression in the

lithologies

Intrusive and volcanic history

Recent tectonic history and processes

Mapping of faults and shears

Application of strain analysis based on historic strain and stress to derive a pattem of

faulting. folding. thrusting and shearing

e Verification of predicted faulting against observed fault pattern

Structural Analvsis

Objective

A structural analysis attempts to dentify  strain conditions in rocks by identifving
compressional and tensional orientations by mapping the strike and dip of joints and plotting
the data on stereonets. The objective is 10 identify the orientation that is extensional, so that
geological structures aligned perpendicular 1o extension can be identified. These targets are
then assumed 10 be open and are targeted as preferential targets.

The nisk of using this methodology is that in many cases rocks have been exposed to several
tectonic evemts, perhaps with different stress orientations, hence jointing from several
generations may be superimposed in joint patterns. Consequently. joints may be aligned in
many oriemations and the resulting structural analysis would be meaningless unless
conducted on subsets related to a specific event. Identifving joint patterns from specific
events requires a geodynamic analysis 1o identify stresses originating at various periods in
time. A specific example can be obsenved in the Limpopo Mobile Belt. where joints are the
result of late Archean shear, with post Karoo extension superimposed. For this reason. it is
often necessary 10 conduct joint mapping in the most recent lithological formation present.
even if outside the study area. 10 identify stresses originating from the most recent tectonic
event. This process allows coarse dating of joint sets.

Methodology
The investigations conducted include:

e Identifyving the age relationship of various formations present in the region

[T
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at locations where drilling and water abstraction are physically. economically, socially and
legally acceptable.

A field survey is also required 10 evaluate the effect of constraints on target site selection.
These constraints may include:
* topographic and access constraints affecting drilling rig mobilisation
e water demand location and topographical constraints on reticulation or distribution
® quantitative water demand and its impact on target location in terms of large regional
structures versus smaller local structures
access to propertics and water rights
comamination potential and v ulnerabilin
Acceptance of drilling site by stakeholders

These constraints impact on the point at which specific linear 1argets may be targeted and
ultimately determine where the boreholes can be sited.

Methodology
Field investigations include:

e  Observation of land use and geology 10 identify the nature of lineaments and ensure
that they are structurally significant

e  Observation and evaluation of constraints in terms of drilling rig accessibility,
topographic constraints between source and demand location, distance from demand
points. contamination

e Field geophysics to pinpoint the structure in the field at potential target points

9. Conclusions and Recommendations

The results obtained in the 4 selected study arcas show that the methodology employed results
in increased borehole success rates compared 1o previous drilling. as recorded in the National
Groundwater Database and the Critical Intervention Programme. which utilised a geophysical
approach:

Borehole Success Indicators
Geology Success Rate Median Yield

i - 3 | 2 3
Dwyka Tilline 12% 27%  350% 0161s0.11s 0.1Vs
NMP 50% 63% 89% 011s 011s 181s
LMB 0% 38%  66% 0391s011s 3915s
BGHB S0% £9% 041s 1.01s
Financial Indicators
Geology R successful borehole Rls

1 a 3 | P ki

Dwiyka 99373 £2100 28600 621706 21000 286000
NMP 22990 20710 18370 229000 207100 10206
LMB 30250 348358 24390 77564 348550 6254
BGB 24200 198738 60300 1837
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by DWAF where the approach is prescribed and standard rates are defined. as
occurred during the Critical Intervention Programme as well as subsequent
programmes such as BOTT.

The above-mentioned conclusions suggest that there is a significant need for a fundamental
paradigm shift in groundwater exploration in South Africa. All of the above lessons can be
considered as being opposed or contradictory to the currenmt practice of groundwater
exploration for rural water supply.

10, Recommendations for Future Research

The major shortcoming encountered during the project was that the current situation in South
Africa has resulted in a fundamental split between geological mapping and groundwater
exploration. Geological mapping has been lithologically and petrologically oriented. with
little antention being paid to structures other than mapping the location of major faults. Little
or no anention has been paid 10 joint mapping 1o permit a structural analysis. In addition,
tectonic evolution, where it has been considered, has often ignored more recent post-
deposition deformation. For example, resulting strain and stresses on Archean rocks resulting
from the break-up of Gondwanaland is rarely described and the geological community has
concentrated on Archean tectonics and unravelling the complexities related to the ages of
metamorphic episodes. As a result, a hydrogeologist considering a structural analysis of target
features must go through a mapping exercise. This project has shown that structural analyvsis
usually requires 2 days 10 complete 4 1:50 000 sheets. however, a tectonic interpretation may
require extensive literature review and the application of strain analyvses 10 an observed fault
set since the required information on recent tectonics is rarely available. This shortcoming
requires that the scope of geological mapping be broadened if the results are 1o be of greater
value to the hadrogeological community. A programme of structural mapping is urgently
required if groundwater targets are to be regionally identified.

In contrast. the hydrogeological community has paid scant if any attention to the imponance
of geodynamics and structural analysis in groundwater exploration. Consequently. exploration
has not been focussed and has been relegated to an exercise in anomaly hunting that adds
little 1o the idemification of future targets. A structural understanding of the aquifer is rarely
built up and mistakes are commonly repeated. This shortcoming may reflect a lack of
training in structural geology in South Africa. which is fundamental to groundwater
exploration in fractured aquifers. This lack of awareness has resulted in minimal anention
being given 1o structural models in hydrogeological investigations.

Urgent antention also needs to be given 10 cost-benefit analyses of past and current

groundwater exploration strategies, as it is only by using the language of economics that the
voice of hydrogeologists calling for a revision in exploration strategy will be heard.

A
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Chapter | -~ Dwyka Group - KwaZulu-Natal

1. DWYKA GROUP - KWAZULU-NATAL

1.1 General Setting

1.1 Site Locality

The arca of investigation is situated immediately north of the Transkei border, about 12 km
south-cast of Harding in KwaZulu-Natal (Figure 1-1)

Figure 1-1 Locality map of the study area

The research area covers abow 600 km’. The four 1:50 000 topographical maps 3029 DB
Harding, 3029 DD Bizana, 3030 CA St Faith's and 3030 CC lzingolweni are covering the
arca. which extends over approximately 1200km”. To the south the area extends to 31 00
latitude, whereas the north extends to 30 30 latitude. The cast and west boundanes are
represented by 30 15 and 29 45 longitude respectively,

The border between Kwazulu-Natal and the Eastern Cape is located in the south of the study
arca, where the Mtamvuna River marks the boundary. In the north of the study area, the
border parallels the N2 highway. Two major access roads, the N2 Kokstad - Port Shepstone
in the north and the R61 Kokstad - Port Edward in the south serve the region. from which a
fair number of din roads diverge. The area is essentially rural with a high population density

Harding in the north and Bizama in the south are the two important villages in the area
containing schools, stores and hospitals.

1.1.2  Topography

The area is characterised by a highly undulating topography of rounded hills and deeply
incised valleys. The steep topography vanies in elevation beween 130 m and 990 m and

11
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defines the surface drainage panern. The soft and easily eroded Dwyka Group rocks do not
support large roch outcrops or the formation of rock cliffs in the study arca

1.L1.3  Drainage

Fhe most important watershed of the area runs from the N'W 10 the SE ditviding the area into
™Mo major drainage systems. To the north. surface water drains into the Mzimkhulwana,
whereas in the south small streams drain into the Mtamvuna river. Both rivers running from
the NW 10 the SE and draining into the Indian Ocean just south and north of Pon Shepstone
'n;‘;\':n.’]-. (Figure 1-1). The nvers are perennial. whereas the numerous small streams in the
area are most erratic dL.L to the scarcity of flow regulating alluy ium and the fact that rain falls

nainly during thunderstiorms (DWAF, 1993

1.1.4  Climate, Vegetation and Land Use

I'he climate 1s charactensed by the mean annual precipitation (MAP) of about 874 mm with
précipitation occurring mamnly in the summer months and much of it falls in heavy ~‘-..\ucr~
during thunderstorms. The data originates from the Computing Centre for Water Research
(CCWR)

The climate accounts for a vegetation dominated by thom sgru*v and grassland. Around
Harding and Bizana nawural vegetation is replaced by large-scale afforestation for commercial
purpeses. Besides that. agricultural activities in the arca are limi 'gd 1o subsistence cattle and
goat rearing. together with dry-land maize subsistence farming. Industrial activity within the

ral 15 non-existent. Rural villages are mostly located on the hilltops, where basic

infrastructure 1s available

1.2 Regional Geology

1.2.1 Introduction

The research area is underlain by the Dwyvka Group. which covers large tracts of ground in a
belt stretching from the northeast of [xopo, southwards to Inzingolwen: and into the Eastern
Cape. Here, the Dwyka Group comprises a 330 m thick succession westerly dipping of
slacio-marine sedimentary rochs ( Thomas et al., 1990). The Dwyha Group covers nearly 9%
f all rural arcas in KwaZulu-Natal, henge is of significance for r ..‘.:1 water suppls

e basal sequence of the Dwyka rests unconformably on the Natal Group arenites. whereas

the uppermost part of the Dwy ha succession is succeeded abruptly I'_\ the Ecca Formation

2.2 Geological History and Lithology of the DwyKka Group

During the Permo-Carboniferous South- Africa, within the Gondwana continental assemblage.
migrated from E to W across high south-polar latitudes. Extensive e caps developed on
clevated regions in the southwestern Gondwana (Figure 1-2) The palaco-topography
primarily consists of & basin, w hich was bounded to the north by a highly dx\\gd;d hig "‘ land.

-

termed the Cargonian highlands, that was open towards the west and extendad easmw u',.~ N

Antarctica. up to an elevated region located over the East Antarctic Plateau. A third highland
1s postulated 1o the south near !h-. palaeo-pacific margin of Gondwana (Visser. 1989)

The present reconstruction of the palaco-iceflown. based on striated pavements. fabric
analyses. palseo-valleys and lithofacies chan;cs in the Dwyka Group, shows a complex
. that can be attributed to diachronous ice sheets L‘”.'..""“_.' the basin mainly from the

h. but also from the ecast and south (Figure 1-2) (Visser, 1989)
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I'he initial wce advance was grounded. as indicated by deformation of the bedrock. The basin
floor was subsequently isostatically depressed by the weight of the ice and rising sea levels
led 10 the decoupling of the ice sheet. This was the major depositional phase of the basin with
sedimentation primarily by rainout from ice shelves and icebergs. During the final stages of
aciation a sharp nse in sca level led to 2 rapid break-up and evental collapse of the ice-

heet (Visser. 1989)
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Figure 1-2 The late Carboniferous Dwyka Basin in southwestern Gondwana (source:
Visser, 1989),

The Dwyka Group can be subdivided into two major facies (Figure 1-3) (Visser et al., 1990)
The northern facies of the Dwyka Group predominantly represents valley and inlet fill
deposits left on the dissected Cargonian highlands. The southem facies represents thick
platform deposits of diamicton left by marine ice lobes entering the basin. This platform
facies pinches out northwards against the palaeco-escarpment of the Cargonian highland

which formed the boundary between the valley and platform facies

Figure 1.3 Distribution of the Dwyka Group in South Africa south of 25° S (after Visser ¢t

al. 1990),

The study area falls within the region of the platform deposits (Figure 1-4). In terms of its

lithological character the glaciogenic facies in the area can be divided into three sedimentany

the middie and upper parts of the succession and the
p' '

.

lithofacies: the basal sequence,

uppermo st sequence
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Froure 1-4 Locality map of the study arca (source: von Brunn, 1994,
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The glaciogenic deposits of the Dwyka Group underwent ongoing deposition that lead to
burial resulting in diagenesis and consolidation. Subsequent tectonic events during the late
Jurassic resulted in faulting and jointing. Consequently, the hydrodynamics of the system are
no longer controlled only by different glaciogenic facies, but mainly fracture zones and
weathered residual overburden are now of hydrogeological significance in the Dwyka rocks.

1.2.3  Structural Geology of the Study Arca

An extensive and complex network of faults has been mapped in coastal KwaZulu-Natal
(Maud, 1961). The fauliing can be atributed to isostatic rebound afier glaciation, but mainly
to crustal warping following the break-up of Gondwana, which caused a SE oriented tension.
This resulted in a complex pattern of block faulting associated with crustal normal to the
continental margin, and or strike slip movement paraliel to the coastline along a fault known
as the Agulhas Transform Fault. Faulting related to this tectonic event has been dated between
190-90Ma (Visser, 1989). The regional panern consists of a series of arcuate faults trending
from SW-NE to N-S and swinging E-W along the coast. In the study arca these faults of
regional scale are trending NNW to NNE (Figure 1-5), but arc not widely recognised and
occur mainly af the eastern geological contact 10 Natal Group Sandstones. These north-
trending faults have produced graben structures 1o the east of the study area like the St
Faith's Graben and the Hell's Gate Fault. Here, thick accumulations of Dwyka sediments can
be observed and are indicative of the progressive deepening and instability within the
sedimentary repository.

Mapped structural
featwes n the
study area

/N sucnuni e
L) e
Lree ' orvaton

e e
R en Cedeiew

Figure 1-5 Mapped structural features in the study area

In the southwest of the study area, the Dwyka succession is affected by regional scale
faulting. Here the Bongwan Gas Fauk forms the westem fracture plane of a north-south
trough in which Ecca Formation and dolerites have been thrown down about 550 m into the
Dwyka (de Decker. 1981). The fault can be traced for quite some distance (du Toit, 1946).
Movement on the fault was essentially vertical, and the fault has a dip of about 74 degrees. To
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the north 1t extends into the Mzimkulu valley but the displacement decreases until the fault
dies out. The fracture zone is marked by active release of CO. gas

[he tillnte 15 normally well jointed sertically but most joints are infilled with caleite. Bedding

15 seldom visible

1.3 Hydrocensus

Borehole locations in the study area are located primarily on the top of narrow ridges. small
hilltops or wide valleys. for reasons of accessibility and population settlement pattern. Valley
pottoms are generally naccessible due to steep slopes. Consequently the majority of
boreholes are drilled into 1opographically poor sites

The hydrocensus shows that a total of 208 boreholes have been drilled into Dwiyka tillite
throughout the studs area. About 84%5 of the holes in the area are dry (<0.0! I's) (Figure 1-6
to Figure 1-9). Of the successful boreholes. 88 “c give a yvield between 0.01 and 1 1's and only

s of the holes have vields greater than | 1's (Figure 1-10 10 Figure 1-12). The statistics of
borehole yvields are shown in Table 1-1.

In comparnson with Dwyka covered areas further 1o the north. the success rates in the study
area appear o be especially poor This could be related to the Inthological structure of the
Dwyka succession. The lower part of the Dwyka could possibly contain groundwater in the
shaley diamictites and sandstones layers. In the study area. boreholes are penetrating only the
upper part of the Dwyka succession with its massive uniform diamictite where the potential to
encounter water-bearing layers is far lower and could explain the high numbers of dry holes

T'hree boreholes in the research area vielded greater than 2 I's. none of which are situated at
dolerite dvke contact zones. This suggests that suitable targer features might exist.

To investigate the influence secondary features may have on borehole vields a comparison of
vields and distance 10 LANDSAT lincaments was carried out. Boreholes were divided intwo
five distance-to-feature classes and for eveny class a median yvield was established for both the
CIP data and the NGDB dawa set (Figure 1-13 and Figure 1-13).

Only for the CIP data set can a general trend of decreasing borehole vields with increasing
distance from lincaments be obsened. The NGDB data shows an opposite trend. however
borehole co-ordinates in the NGDB are notorously poor. Both data sets have 1o be taken with
caution due 10 the difficuln in measuring such small yvield values. Due to the generally ven
low median vields, the increase in vield as shown in Figure 113 and Figure 1-12 is relatively
minor with 2 maximum of 0.081's. This 15 regarded rather as a fluctuation between dn and
very low vields than an actual trend to increasing or decreasing borehole vields in relation to
the distance 10 LANDSAT lineaments

Ihe depth of the boreholes varies between 30 and 130 m with an average depth of 111 m.
his reflects the great depth of water strikes in the area with approximately 75 %¢ of the water

\;|

strikes occurnng below 60m (Figure [-1°

The average water level in the arca is 53 m below surface (Figure 1-16). The great depth of

he water levels can be attributed 1o the location of the boreholes on the hilltops, where water

levels are far below the surface

Table 1-1 Statistics of borchole vields

“AMin \iax \Mean T Median | No. of record
0.021s _____  41s 031s 0.11s - 208
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Figure 1-6 Distribution and vield of boreholes registered in the NGDB and drilled during
the Critical lntervention Program (CIP)
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Figure 1-° Success rate of boreholes Figure 1-8 Success rate of boreholes drilled
registered in the NGDRB during the CIP of the middle 1990s
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Figure 1-10 Distribution of borchole vield  Figure 1-11 Distribution of borehole vield
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Figure 1-12 Distribution of borehole vield based on all available data for the study area
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Figure 115 Depth of water strike in the Figure 1-16 Depth of water level and
study arca water strike in the study area

Water qualiny data was available for the CIP data and revealed groundwater in the area 1«

of good to excellent qualitv. According 1o the DWAF classification system (DWAF, 1996

' YC

groundwater has been predominantly of class 0 and | for domestic consumptior

A\ investigation was also cammed out into exploration methods, which were used by the

consultants in the DwyKka tillite. The results show that the GEONICS EM-34 was used more

an other instruments (Figure 1-17), in spite of the large number of unsuccessful borcholes
(63%). Some of these boreholes intercepted dry or very low vielding fracture zones. while the
ajority of boreholes intercepted dry massive featureless tillite
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Figure 1-17 Comparison of geophysical methods per vield range obtained during the CIP in
for A) boreholes intersecting fracture zones and HB) boreholes intersecting featureless tillite.

One main reason for the poor performance of the EM-34 in the study area is that the

instrument was mostly used with 20 m coil spacing. giving a maximum depth of penet:
of about 23 m in this lithologyv. In retrospect, the hvdrocensus showed. that 735 %6 of the water
bearing features are below 60 m (Figure [-15). Hence the instrument tends not to penetrate to
the depth required given the hvdrogeological conditions. Also. the water strike is not

EM-

34 does not always implhy a good target. Hence, it is unlikely that the use of the EM-34

necessarily related to weathered features and the indication of deep weathering using the

sontributed 1o the correct sitng of successtul borchole

1.4 LANDSAT imager

The hvdrocensus sugeests that the occurrence and movement o

sundwater in the study area

s mamly controlied by the prevalence and onentation of secon

features, sucCh as taults.

joints and fracture zones. As such. the delincation and mapping of these lineaments and their

extent has been an integral part of this groundwater exploratior study. The interpretation of
satellite imageny helps in the extraction of these specific features that possibly act as
groundwalter indicators

Ihe lincament map presented in Figure 1-18 is a composite image of all lineaments calculated
.

from cach of the images nroduced through ditferent band combinations

Lineaments were examined on the basis of their length, width. orientation and frequency
Figure 1-16 10 Figure 1-22). The strike-frequency diagram exhibits a distinctive lineament

set. which 1s dominated by three major strike directions. The NNW-SSE direction is the most

prominen! followed bv SE-NW running features and NE-SW siriking hineaments (Figure

3 -
! gth of ents in relation to their direction supports of
direction (Figure 1-20). The majority of the examined features have a length
than 10 2 km. with only 3 “¢ being turther (Figure 1-21), Looking at the distribution of the

1 significant trend i1s observed (Figure 1-22). The ENE and ESE directions

pear to be of greater regional significance
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Figure 1-18 Lineament map of the study area on the basis of LANDSAT data
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Figure 119 Strike-Frequency plot based on  Figure 1-20 Strike-Total Length of
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Figure 1-21 Length-Frequency histogram  Figure 1-22 Strike-max. Length plot based
based on lincaments delineated through remote  on  lineaments delincated through remote
sensing sensing

1.5 Structural Geology

Detailed field mapping in the study area was carmied out 10 delineate preferential fracture or

SilICC IS I

joint directions in the Dwyka Group. Unfortunately. the soft and casily eroded ullite does not

support large outcrop areas or the formation of rock chiffs. Therefore outcrops in the area are
veny limited and the Dwyka Group 15 only exposed along roads blasted into hill slopes. Figure
|-24 shows the location of Dwyka outcrops visiied in the study area

L.5.1  Structural Features

Most structural features present are lincar and compnise joint sets and normal On jour
surfaces. which are the most abundant. features such as scratches. grooves. gouge or
brecciation are absent. Based on the angular relationship of cross-cutting sets joints can be
classified as extensional or shear joints. Because no movement perpendicular or parallel to

joint walls is obvious it is difficult to determine if the jointing is related to compressional or

extensional forces. 11 vein minerals. or some of the above enlioned criteria. are present ¢
nature of the force can be distinguished
Joint svstems where two or more joint sets that are thought 10 be genetically related are

present. They maintam dihedral angles of about 5° to 60°. Non-systematic joints usually meet

but do not cross. Individual sets may be short while masier joints can ran for a long distance
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and can influence geomorphology. Many lineaments observed in the arca are related 10 the
orientation of master joints and not faults. However. most joint patterns are unrelated 10
faults. Joints that form large-scale regionally consistent patterns are those that are of interest
10 geologists. The regularity of the joint system implies that they formed under stress states
that showed some consistency both in onentation and magnitude of the principle stresses. The
strains revealed by the joint system formation in the area are much less than 1%. They are
unlikely to have formed during periods of high strain activity as faulting and veining occurs
during major tectonic events

Joints may develop adjacent 1o faults where they may take the form of sheeted zones paralle!
10 the fault. At or near the fault such sheeting may become shearing or cleavage. They also
may be diagonal to a fault and are referred to as feather or pinnate and may either be shear or
extensional joints. Jomts tend 10 be normal to bedding in steep or flat Iving units as normaliny
follows the least work principle. Sedimentary terrains most often possesses 2 or 3 joint sets
although only one set may be present in many thick massive beds. The spacing of the joints is
a function of bed thickness and jointing is more abundant in thin-bedded units. Irregular
spacing is more prevalent in thick beds where zones of regularly and closely spaced joints
may be alternate with wide zones of few or no jointing. A higher density of jointing requires a
significant increase in strain

Joims are mostly formed 1) soon afier deposition and after long periods of down warping,
burial and compaction and 2) later during uplift and unloading with or without considerable
deformation. The uplift and denudation modify the pre-existing states of stress in three ways
a) horizontal stretching through the geometry of uplifi, b) expansion through the release of
gravitational load and ¢) contraction through cooling

After 2 or 3 joint sets form in a unit it becomes mechanically difficult to form additional ones.
Joints in older rocks are gradually or periodically propagated ino successively formed lavers
Geometric classification of jomnts are 1) ORTHOGONAL JOINT SETS where they are
perpendicular and 2) DIAGONAL JOINT SETS where the joints are not perpendicular.

1.52  The structural geology of the investigated area south of Harding

Structural features present in the DwyKka tillite are joints and faulting. Planar features (n=212)
were measured at 26 stops along major roads where one and occasionally two crosscutting
joint sets were present. Most of the joimis interceptions are sub vertical with the joints
trending NNE-SSW 10 N-S and NW-SE (Figure 1-25 10 Figure 1-29). Only at one stop did
secondary vein matenal occur in the vertical as well as sub horizontal joint planes. All of the
planes were verny even and smooth, with no grooves, gauge or brecciation presemt. No
displacement was present at the intersections. At stop 14, 21 and 26 faults are present. At stop
14 the fault trends 10 the northeast (strike/dip: 032°/88%) while the joints are north and ENE
respectively. At stop 21 sets of parallel joims (1437/73%) are present. Other planes present at
this stop paralle] the fault m stop 14 and one of the major joint directions. Stop 26 was inside
the down faulted block of Ecca shales adjacent to the Gas fault. Most of the planes can casily
be related 10 the three main joint directions in the tillite, which are the NNW-SSE, the NW.-
SE and the NE-SW 10 ENE-WSW directions (Figure 1-25). At stop 15 on the arenites of the
Table Mountain Group only two joint sets were developed. The one parallels the ENE wrend
in the Dwyka. with the second trending WNW dividing the two other major sets in the tillite.

At all the stops the major joint sets intersections were vertical while inclined joints with a sub
horizomal intersection were rather rare. The dips of these joim planes were much less than
33° In many instances the trend of the joint planes were parallel.
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1.6 Ground-based Geophysics

1.6.1 Introduction

lo wdentify the appropriate geological features. the application of appropriate geophy sical
techniques 1s vital in the Dwyka deposits. As 75% of water strikes occur below 60m. the
geophysical methods suitable for the Dwyka tillite need 10 generate information from the
subsurface 10 a reasonable depth but remain within economical drilling limits. which are
approximately 100m. Furthermore, the method must be suitable for locating relativelys narrow
conductive zones as it is assumed that groundwater in the glaciogenic Dwyka deposits occurs
mostly in fracture zones. Therefore the electromagnetic technique chosen was the Max-Min
(HLEM) technique, as it 1s suitable for locating fractured aquifers (Botha et al., 1992) as long
as the conductivity thickness product of the conductive zone is larger than at the surface
Additionally . magnetics was applied

A total of 23 electromagnetic and magnetic profiles were conducted in different parts of the
study area. The recorded magnetic data and the conductivity responses for all traverses and
stations are presented in Appendix 1-A. The location and number of cach traverse is shown in
Figure 1-31

F'o mvestigate possible relationships between borehole sites and water bearing features in the
subsurface. twelve traverses were carried out next to existing successful boreholes

fo prove a relationship between significant surface morphology and subsurface features,
cleven magnetic and EM profiles were conducted over lineaments, which were pinpointed
through the use of remote sensing. the careful study of aerial photographs and based on the
outcome of the structural geology

All profiles were carried out perpendicular to lineaments if present, otherwise perpendicular
10 one of the three major lincament directions in the study area.

The nvestigation suggested that yiclding boreholes and prominent lincaments to be
associated with three different geophysical response classes, which are believed to represent
the following geological scenarios

e The first geological scenarnio is the two-lavered earth case, ie. a weathered. conductive
zone is underlain by unweathered fresh diamictite of higher resistivity. The overburden
shows a distinct change in thickness generating a ramp. ndge or vallev discontinuity in
the electromagnetic results (Villegas-Garcia, 1979). The discontinuity itself could be
associated with buried fracture zones

e The second scenario. detected by the electromagnetic survey, shows a two-lavered carth
case. which has been interrupted by a thin dipping conductor.

e The third geological scenanio is detected by magnetic anomalies and may represent buried
dykes, sills or fault-steps

Fable 1-2 gives an overview of the feature investigated and their geophysical response

obtained in accordance 10 the three geological scenarios described above.

Table 1-2 Geophysical survevs carried out in the rescarch arca
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I'he results of the geophysical ground based surveys were grouped into three main categories:
reflecting responses over mh:\".m-_.'cnc.\:s overburden, narrow conductors, or magnetic
anomalies. Examples will be given below for cach scenario

1.6.2 Inhomogencous overburden

A 1wotal of nine sites investigated exhibited a distinct change in overburden thickness
generating a ridge. ramp or valley discontinuity on the EM response. Two sites will be
discussed below 10 illustrate the response in relation 1o existing boreholes or lineaments

D4 = SW-NW running lincament, vielding borehole

Site description

[he traverse was carried out next to an equipped borchole. However, the borehole is not
vielding. either because of a defective or the borehole running drv. The borehole is situated in
a topographical depression, picked up by the LANDSAT image and the conducted profile is
crossing the SE-N'W running dip from the SW to the NE at a 90-degree angle (Figure 1-37)

The MAX-MIN was operated at 5 frequencies, ranging from 220 10 56320 Hz while the coil
separation was set 1o 100 m. A station spacing of 10 m for the MaxMin as well as for the
Magnetometer survey was selected. The results of the electromagnetic and magnetic data are
shown in Figure 1-33 and Figure 1-34

Electromagnetic Suryey

The clectromagnetic data set shows a positive response of both the in-phase and the out-of
phase components for the first 80 m. After that a decrease in in-phase and out-of phase values
for all frequencies between station 8 and 10 marks an increase in the subsurface conductivity
due 10 a change in the thickness of the overburden. At this point borehole was drilled
(G459035). The weathered tilline. overlaying the fresh diamictite. increases in its thickness and
reaches 1ts maximum towards the end of the traverse, gencrating a response similar to the
anomaly seen over a ramp discontinuity (Villegas-Garcia & West 1983). The existing
borehole is situated right at the contact between the relative thin and relative thick weathered
overburden at locality 80m of the EM traverse

Magnetic Survey

The magnetic data stays inconclusive, as the readings proofed to be veny unstable for the first

120m of the traverse. The existing borchole is localed at station [20m of the magnetic
traverse, right at the change 10 magnetically more stable subsurface

D12 - SW-NE running lincament
Site description
e wraverse at site 12 crosses a well defined lincament running SW 10 NE. evident in the

aerial photographs. It is visible in the morphology as 2 small depression of about 75 m width
(Figure 1-32)




Figure 1-32 Location of traverse no. 12
s

The MAX-MIN was operated at 5 frequencies, ranging from 220 Hz to 56320 Hz while the
coil separation was set to 100 m. A station spacing of 10 m was selected while the
)

was crossed from the SE 10 the NW. The results are shown in Figure | -35 and Figure 1-36

Electromagnetic Surney

\long the first 90 m of the traverse a constant response in the EM graph's gradient 15

recorded. This indicates a homogengous wo 1.:}»":.‘. carth case consisung of a conductive
overburden above the unweathered tillite. From 90 m to the end of the traverse. at |90 m. a
broad anomaly in all frequencies is recorded. The trough-like response indicates a thickening
f the conductive overburden from station 9 onwards. The respond 15 venn similar to the

I W

anomaly seen over a ramp discontinuity (Villegas-Garcia & West [1983). the quadrature

component is more affected by the discontinuiny at low frequencies. This clearly shows the

presence of the thickness change. while the in-phase component remains almost At
igher frequencies the quadrature response starts losing its characteristic shape and eventually

becomes inverted for the highest frequency (small value of 8'1). An increase in the in-phase
and out-of phase components al slalion 8 indicales a decrease in the thickness of the
conductive overburden tonwards the end of the traverse. Two boreholes were dnlled. one at an
accessible site where the thickest overburden was predicted and the other at the margin of the

zone of increasing overburden
Magnetic Survey

Due 1o metal objects. the magnetic ¢at

;J

yows an anomaly for the SE flank of the valles

and no anomalies are recognized

"

Otherwise the magnetic résponse 15 stab




Figure 1-33 Max-Min electromagnetic profiles and conductivity's at site D4, Solid line: in

dotted line: out-of phase o]: conductivity [mS'm): coil separation 100 m, station
spacing 10 m. Profile direction: SW-NI

I‘llJ\t

Figure 1-34 Magnetic profile in [nT) at site D4, station spacing 10 m, Profile direction: SW
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1.6.3 Narrow conductor

Two sites mvestigated exhibited a geophysical EM response indicating a buried narrow
conductor in the subsurface, Both examples are given below 10 illustrate the geophysical
response in relation to vielding boreholes and lineament direction

D5 - NW.SE trending lineament and vielding borehole
Site description

I'he site of a existing borehole, which is not mentioned in the CIP or the NGDB. was
investicated on the farm no.2 4666, near the Filippi Mission Station (Figure 1-37). The

borehole is situated in a depression that is visible in the aerial photographs as part of a
wament., crossing from N'W to SE and was pinpointed through the use of remote sensing
This is one of the open joint directions and is in the direction of long regional lincaments. The

profile conducted was made perpendicular 1o the proposed lincament
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Figure 1-37 Locality map for traverses D4 1o D10,

Electromagnetic Survey

The MAX-MIN was operated at § frequencies. ranging from 220 to 56320 Hz while the coil

separation was set to 100 m. A station spacing for the magnetic and MaxMin survey was set
to 10 m. Results are shown in Figure 1-39 and 1-40
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Figure 1-38 Locahits map of traverse D17
Flectromagnetic Survey




Frequencies 3520 Hz and 14080 Hz showing a negative peak flanked by two positive

shoulders in I th. the i .;\Il.:v; and the out-of ;1:’1‘1\ component for the centre of the val

lower frequencies the in-phase looses its significance while the quadrature component shows
0 Hz

he anomaly furthermore clearly ¢ distance between the zero points in frequency 38
and 14080 Hz is approximately 80 m, which 1s almost equal 10 the coil separation. The
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Magnetic Survey

I'he magnetic data correspond very well to the EM data by showing a well-defined magnetic
w anomaly for the center of the valley. The magnetic fabric of the tillite has been disturbed
slightly in the vicinity of the magnetic low. where the response amplitude is lower. This could
dicate the presence of a fault. The fault zone itself is highlv weathered and could be

enriched with water-saturated clavs, generating the EM anomaly
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Figure 1.39 Max-Min electromagnetic profiles and conductivity’s at site DS, Solid line: in-

phase |%«]: dotted line: out-of phase |%]: conductivity [mS'm|: coil separation 100 m. station
spacing 10 m. Traverse direction: SW-NE.
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Figure 1-40 Magnetic profile in [nT| at site D3, station spacing 10 m. Traverse direction
SWAE
>
Figure 1-41 Max-Min electromagnetic profiles and conductivity's at site D17, Solid line: in-

phase |%): dotted line: out-of phase ["of: conductivity |mS'm]: coil separation 10 m, station
spacing 25 m. Traverse direction SSWANNE

Figure 1-42 Magnetic profile in [nT] at site D17, station spacing 10 m. Traverse direction
SSW-NNE
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1.6.4 Magnetic structures

Five sites during the geophysical survey exhibited magnetic anomalies. which may represent
dykes. sills or fault steps. Two examples are discussed below.

DS = NW-SE running lincament and old borehole
Site description

Figure 1-37 shows the position of the traverse a1 site D8. A borehole with a broken pump is
situated right next 1o a dint road on the extension of 8 NW-SE running depression. The profile
was conducted perpendicular 1o the dip direction and passes the borchole midpoint.

Electromagnetic Survey

The MAX-MIN was operated at § frequencies. ranging from 220 Hz 1o 56320 Hz while the
coil separation was set to 100 m. A station spacing of 10 m was selected for both, the EM and
magnetometer traverses. The results are shown in Figure 1-44 and Figure 1-45.

The EM response over the different frequencies shows a broad anomaly between station 6 and
station 14: low in-phase and out-of phase values are flanked on both sides with positive
shoulders. The quadrature component is largely affected by the discontinuity at lower
frequencies. The presence of the anomaly is clearly shown while the in-phase component
remains almost flat. With higher frequencies the out-of phase componemt looses its
significance and eventually becomes inverted for the highest frequency. The response
indicates a thickening of the conductive overburden. causing a clearly identifiable trough-like
anomaly.

Magnetic Survey

Additionally, the magnetometer traverse generates a well-defined anomaly for the site, The
shape of the anomaly could indicate a dyke structure. dipping to the NE. The total magnetic
field imensity anomaly with a nypical dipolar negative in the south and an increase in the
north of the structure indicates a normal magnetization. However, the amplitude is very small
and one could expect a more prominent response from a dyke-like structure in the tillite. Two
borcholes were sited: one at the peak of the magnetic anomaly and the other 10 the NE 10
intersect the structure at depth. These sites also correspond 1o a thicker overburden in the
clectromagnetic profile.

D14 < NNE-SSW running linecament

Site description

The remote sensing data and the acrial photographs gave evidence of a prominent lineament.
reflected through a depression running NNE-SSW in the morphology. Traverse 14 was
conducted at a 90-degree angle across the lincament from the N'W 10 the SE.

The MAX-MIN was operated at 5 frequencies. ranging from 220 Hz 10 56320 Hz while the
coil separation was set 10 100 m. A station spacing of 20 m was selected. Results are shown in
Figure 1-46 and Figure 1-47.
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Figure 1-44 Max-Min clectromagnetic profiles and conductivity’s at site D8, Solid line: in-
phase |"s]: dotted line: out-of phase [%]: conductivity

mS'm): coil separation 100 m, station
spacing 10 m. Traverse direction: SW-NE.
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Figure 1-45

Magnetic profile in [nT]| at site DS, station spacing 10 m. Traverse direction:
SW AR

12




Figure 1-3¢ Max-Min clectromagnetic profiles and conductinvity’s at site D14, Solid line: in
phase |“«]: dotted hne: out-olf phase conductinity [mS m}: coil separation 100 m, station
spacing 10 m for stations 1-10, 20 m for stations 11-28. Traverse direction: NW-Sk

Figure 1-47 Magnetic profile nT| at site D14, station spacing 10 m. Traverse direction

NWSI
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1.7

Drilling Results

To investigate the hydrological significance of the geophysical anomalies, 10 boreholes were
drilled. Drilling was camied out by the Department of Water Affairs and Forestry using
normal air percussion dnlling.

The drilling sites covered all three geological scenarios represented by the differemt
geophysical responses and all three major lineament directions. The geological logs and
construction details. which are shown in Appendix 1-B are summarized below in terms of
depth. construction. water strike. blow vield and structural feature investigated.

Table 1-3 Summary of Drillils Results
ehale " ater § ¢ vield (s @ Feature insestigated Site 1D of geophy sical
() tm) depth) | ey
TGt i NA T on NSWAAE running lmeamens, | DN
, ! Distisct change in weathered |
onverburder thicaness
“Oitie 1S000 - RehT Tal & A3Om o NW.SE srang lincament |+ LI
| 003 « 120 00m | * Nartom conducko |
[Gassy 1o Ty 1@ 11200m | & NW-SE saraong lincament, BN D E—
. Narrow conducke
Ll 130 % 60 IX ‘Seepape o NW-SE runming hacament s
| I o Deep weathered 2one |
| . Magnetic conductoe | |
(S LT TSN | SC oK '8 6 Seepape T e NWST remmang incament o ~1
l | 82 o Decp weathered res
| - Magnetic comducaor
“Ges S T4 107 w 2m . N-S extension of Bomguwan | D20
i | pas fault, intersecting
j o E-W srriking fauk
Giwin 4 9o P TG m e NS extension of Bongwan = D20
‘ gas fault, intersecting
' l{ o W ariking fault
FGasus 130 0 ' NA Do e NE-SW runming lincament DI
. Destingt change n overburden
thickness
g 371 N | v TSecpuge @ 6m | & NE-SW runming [incament Bl
L$ 012 ¢ Mm | @ Dustinct change in overburden
thichness
[CREIE] S N A Dn e SSE-ANW running lincament | D3

Borehole G45905 on site D4

Borchole site

The site for borehole G 43905 was chosen on the basis of geophysical wraverse no D3, The
site is located in a NW-SE running depression intersecting a ridge. The traverse indicated a
distinct change in the weathered overburden thickness from SW 10 NE (Figure 1-33). The
hole was sited at locality 90m directly at the change of the thickness of the weathered tillite.
The hole is located near the Fillipi Mission Station, on farm no. 4666 (Figure 1-48).
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Figure 1-48 Location of borehole G45W)S
Geological description
Ihe hole proved to be of vers uniform lithology. The first 17 m consisted of light brown
weathered ullite. From 17 to 120 m. the final depth. solid. fresh dark greyv diamictite was
penetrated. Veny few dnll cuttings showed the presence of namrow joints, and these were filled

with calcite. No water strike was encountered and the hole was u;h‘;q\,cml\ backfilled

Borehole G43906 and G45907

Borehole site

Borechole G 45906 was dnlled on traverse no. D3 (see section 4.6). The geophyvsical response

was interpreted in terms of a NW-SE stniking narrow conductor dipping steeply 10 the SW
he 1op of the conductor was interpreted at locality 175m of the EM profile (Figure -39

'
Borchole G43906 was selected at the EM negative peak response at station 150m to ensure

¢ intersection of the fracture zone below the relatively deep static water level
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Figure 1-49 Location of boreholes G43906 and G43907
Geological description
After 11.70 m of 5 weathered ullite, solid roch was ¢ iered consisting of parth
re ; ,q‘ , ct C e 2 1e —l.' res \ ) - \ ’ ar ' ::' 4
calcite. The predicted nducto ene tered at 7im dey together with a disting
change in hithology 2 brown. clave ghlv fractured tllite. The fracture zone prove be
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16 m wide with an associated water strike at 83.9m and a blow yield of 0.21/s. Drilling of the
borehole continued to the final depth of 120m. The final blow yvield measured as 0.23/s.

The second borchole, G43907 was located on the same site. 25 m further 10 the SW in order
10 intersect the conductor a second time to calculate shape and extent of the fracture zone.

After |1 m of overburden and 100 m of solid to slightly fractured grey tillite, a fracture zone
was hit at 111.2 m with an associated water strike of 0.1 I's. In contrast to the feature
penetrated in hole G45906 this fracture zone was not accompanied by a change in the
lithology . This feature appeared 10 be much smaller and less weathered.

The different lithologies and widths of the fractures encountered in both holes suggest, that
the EM anomaly does not originate from one single regular shaped conductor. It is more
likely that the anomaly originates from a wider conductive zone containing several fractures
of wregular shape and width that are not necessarily interconnected. However. the drilling
results show that reliable interpretation of conductive zones and general dip directions can be
obtained from the Max-Min suney.

Borchole G453908 and G45909

Borehole site

On the basis of traverse no. D8 (see section 1.6) two drilling sites were chosen in a NW-SE
running depression zone along a nidge (Figure 1-50). The electromagnetic data suggests a
wide trough of weathered tillite running from the NW to the SE. which may be associated
with a fracture zone. Additionally. the magnetic data gave a distinct response suggesting the
presence of a magnetic conductor. Borehole G45908 was selected at the EM negative peak
response for the out-of phase component at locality 60m where the overburden is believed to
undergo a change in thickness (Figure 1-44). This coincides with station 120m of the
magnetic profile. on the SW flank of the anomaly.
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Figure 1-50 Location of the boreholes G4390K and G45909

Geological description

The first 22 meters of G43908 consist of a sequence of topsoil, clay. sand and highly
weathered tillite. To a depth of 60 m the brownish tillite 1s highly fractured, with calcite,
gvpsum and ferricrete filling the joints indicating the partial presence of oxy gen and water. At
60 m depth seepage occurred but due to the low flow rate the blow vield was not measurable
The lithology up to the final depth of 120 m remained constant with grey, slightly fractured
tline.
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It was decided 1o dnll a second borehole. G 43909 20 meters further towards the NW'. but still
situated at the edge of the thick overburden indicated by the EM anomaly. Afier penetrating
through very thich soil, ¢lay. sand and weathered tillite fresh but fractured tillite was hit at 18
m. The fractures are filled with calcite. Up 1o a depth of 41m gyvpsum and ferricrete occur
Gneiss clasts are scattered throughout the tillite. At 56m seepage was intersected but again
due 10 the low flow rate. the blow yvield was not measurable. Up 10 the final depth of 120 m
the tllite contained calcite filled jonts and gneiss clasts

In conclusion, the drilling results reflect the predicted geology of the EM sunvey. The trough
like anomaly between station 60m and 140m had s origin in the thichk overburden
encountered Clay layers, highly weathered tillite and water-bearing minerals such as gy psum
form a conductive zone identified by the Max-Min. This suggests that the Max-Min is capable
of locaung conductive zones vers accurately., however they may not always be associated
with a water bearing burned conductor, The magnetic anomaly s believed to have its origin in
the ferricrete and the ferruginous tillite identified in the first upper meters

Borehole G43910 and G43911

Borehole site

The next boreheles were selected on the basis of a distinct joint pattern identified from the
acrial photographs and LANDSAT map in the valley bottom of the Mzinhlanga River. A N-S
extension of the Bongwan gas fault, south of the study arca intersects a W-E running
lincament at a 90° angle at the site. The structures are imprinted into the morphology in the
form of deeply incised vallexs. The Mzinhlanga River has developed on this joint set and
exhibits a right angle bend at the fault and lineament intersection. The steep topography made
it impossible 10 fully traverse the large-scale fault zone during the geophysical surves:
therefore, the EM data did not generate a consistent picture. As this site seemed 10 be most
promising it was decided to site the boreholes according to observations on the structural
geology . Both boreholes were established on the predicted line of the E-W running lineament
near 10 a small river copying the gas fault orientation, The boreholes are 20 m apart
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Figure 1-51 Location of the boreholes G45910 and C43911
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Geological description

Borehole G 45910 intersected only a thin cover of soil and weathered tillite. Solid grey tillite
with small fractures infilled with calcite and gneiss or sandstone clasts was encountered at a
depth of up 10 40 m. An increase in the density of fractures and their width announced the
water bearing fracture zone hit at 42m with an associated blow yield of 0.07 U's. Up 1o the
final depth of 72 m grey. moderately fractured ullite with gneiss clasts was encountered. The
final blow vield was measured to 0.05 I's and the rest water level was 3.21 m below surface

The second borehole. G45911, intersected similar geology. A S-meter thick soil cover was
followed by fractured tillne with gneiss clasts up 10 a depth of 61 m. The water strike
occurred at 62m and is associated with a 1.5m white quantz layer reaching from 61.5 10 63m
depth. The fracture yvielded water in excess of 0.21 I's. The hole was drilled up to a final depth
of 90 m and intersected grey shightly fractured tillite with gneiss and sandstone clasts. The
rest water level was measured to 3.63 m below the surface.

The drilling results of borchole G45910 and G45911 indicate that the most successful
borehole sites are in the valley bottoms. Even though the yvield of the holes do not exceed
those drilled on the hilltops. the shallow water strike and the shallow water level make these
sites more favourable in terms of dnlling and pumping costs.

Borehole G45912 and G45913

Borchaole site

Boreholes G43912 and G45913 were sited in a NE-SW running depression along a ridge, on
the basis of the geophysical traverse 12 (see section 1.6) (Figure 1-52). The EM anomaly was
interpreted as a valley discontinuity where the overburden thickens distinctively. This may be
associated with a buried fracture zone. The positive peak ratio indicates the dip direction to be
towards the NW. The deepest overburden or conductor is interpreted at station 140m and
gives the drilling site for Borehole G43913. A second borehole, G 45912 was sited at station
eleven on the down-dip site of a possible conductor 1o characterise shape and position of the
feature.

Figure 1-52 Location of the boreholes G43912 and G4%913
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Geological description

Borehole G 43913 intersected a deeply weathered zone predicted from the geophvysical results
until, at 27 m. solid rock was encountered. Fresh but shightly fractured gres tillite with gneiss
clasts followed up 10 a depth of 76 m where seepage occurred. At 84 m a second water strike
was intersected vielding water in the excess of 0.12 |'s. This warer strike 18 associated with a
fracture zone of about 3 m width infilled with weathered. residual tillite. To the final depth of
120 m the lithology remains unchanged with greyv. shghtly fractured tillite ¢ finzl blow
vield was measured to 0.09 1's and the rest water level was 70.4 m below the surface

In borehole G 45912 weathered tllite occurs to a depth of about 27 m. To the final depth of

m the lithology consists of dark grey slightly fractured tillite. The conductor hit by the
previous holke was not encountered

In conclusion. the thick overburden indicated by the EM data is the result of 4 buried fracture
zone, which was intersected by borehole G43913 a1 76 m. Borehole G43912 missed this
feature. probably due to the very steep dip of the fracture zone

Borchole G43914

Borehole site

A last borehole was drilled near the Booker Bus Halt on the farm Ebenezer 784 (Figure 1-53)
Both, aerial photographs and the remote sensing data indicated a prominent lineament running
from the SSE to the NNW forming a steeply incised valley. The feature is well defined in the
morphology by a steeply incised valley. The EM and magnetic surves was camied out
perpendicular to the lineament. Unfortunately, the background noise is high due 10 power
lines crossing the traverse. It was decided to site the borehole directly in the line of the valley
representing the possible feature. But due to its steep morphology the site had to be removed
by about 30 m towards the west of the linear feature due to accessibility problems
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Figure 1-53 Location of the borehole G45914
After 2 10 m thick cover of soil. solid grey tillite was encountered The lith ogy staved

unchanged until the final depth of 120 m. No indication of a fracture zone was found.
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The very homogencous geological log suggests that a possible prominem feature was missed
due 1o the accessibility problems with the rig. As conductors in the study area tend to dip ven
steeply. a site slightly off the geophysical or structural anomaly is likels to fail.

Conclusion

From the geological logs it 1s evident that the aquifers in the Dwyka tillites occur only within
the fractured bedrock itself. as primary porosity is nearly absent. Thick weathered residual
overburden is seldom encountered and does not constitute significantly to the groundwater
occurrence in the arca. Magnetic conductors that were not dolerite related proved not to be
water bearing. which suggests that magnetic geophysical exploration may lead 1o false
positives, Two boreholes (G35910 and G45911) were sited without any geophysics on
presumed fault zones and these both proved successful, one of which was the highest vielding
borehole drilled. These did not exhibit any electromagnetic or magnetic anomalies (Appendix
1-A). Two of 4 boreholes sited without geophysics during the CIP also proved successful and
high vielding (0.5 I's) (Figure 1-17). This suggests that visual siting on structures may prove
to be more successful in this terrane.

1.8  Test Pumping

On three of the newly drilled boreholes a constant discharge test was carried out in order to
characterise hydraulic properties of the penetrated lithologies and 10 determine sustainable
aquifer and borchole yields. Additionally, constamt rate discharge and recovery data of
borehole 403530, established during the Critical Intervention Program, is available. The test
pumping and recovery data are presented in Appendix 1-C.

Transmissivity (T), storativity (S) were calculated by the Cooper-Jacob method. The
sustainable yvield of the single borehole was calculated according to a modification of the
Cooper-Jacob equation known as the distance-10-boundary method (Sami & Murray 1998).
This method incorporates T and S data together with a time value at which a hydraulic
boundary is encountered. Common examples for recharge boundaries in the study arca are
water-bearing joints and faults. Examples for barrier boundaries are dolerite dykes or
mineralised faults or fracture zones. The program calculates carly transmissivity daa for the
time before a hydraulic boundary is encountered, known as fracture transmissivity (Tf). a late
T value (Tm) for the period after the boundary is exceeded, representing the matrix
conductivity and a T value from the recovery data. The program then calculates pumping
rates that can be sustained over the long-term.

Borehole G43906 and G459%07

The blow vield of G43906 was measured as 0.23 I's and the rest water level 1o 73 8m. For the
discharge test. the pump was inserted 1o a depth of 81.80m. For the first three hours of the
pumping test. the hole was pumped at 0.075 I's. Difficulties were encountered maintaining a
constant discharge at such a low vield. hence water level fluctuations are evident. As the
water level almost reached the pump intake afier 3 hours, the pumping rate was lowered to
0.03/'s for the remaining 6 hours of the pump test.

The drawdown data for the first 2 h is negligible (<0.5 m) and remains relatively constant,
suggesting flow primarily from a permeable fracture. However, after 2hours the rate of
drawdown increases sharply. indicating that a closed boundary has been encoumtered. When
the rate of pumping was reduced the borehole temporarily recovered until it once again
exhibited closed boundary conditions.
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The carly and late time data transmissivity was calculated and is presented in Table 1-4. Due
to the low trasnmissivity, minor vanations in pumping rate resulted in significant drawdown
variations (Appendix 1-C). hence transmissivity could not be calculated from pumping data
The rcmml'wndcd borehole vield is calculated on the basis of differemt methods and
presented in ..‘P‘]L 13, Due 1o closed boundary conditions, the sustainable vield appears to be
only *h'ul 2m'd.

Table 1-4 Transmissivity values for G43906
G=23900 leer iM™'d) I..tm d) | [

(m~/d)

0.17
Table 1-5 ___Recommended borehole yields for G45906

Recom nuf?ed borenole vields hrs at max.

Method - md ~ pump.rate
Max pumping rate (1 s) 0.2 |
Recoven o 0.0 00
Late 1 - 0.2 0.2 1
Drawdown to boundary 2.2 = 1
Distance 10 boundary 1.7 - 1.6 o]
Flow characteristic 1 0.1 0.1 1
NMaximum drawdown 2.5 30

e ——— e —— e e ————— et e

Borehole (G435907 was monitored while pumping G33906. Although, the drawdown curve
reveals that both boreholes are in hvdraulic contact. the observed drawdown in G45907 ¢ould
be influenced by pumping from a nearby borchole equipped with a handpump and frequently
used by the local inhabitants. Significant drawdown appears at 0.1 days. or after about 2.5
hours after the pumping test bv:..m This borehole was used to calculate a transmissivity and
storativity value using the Cooper-Jacob method and gave a T value of 0.23 m'd and an S
value of 0.005,m which is similar to that calculated from G33906

Borehole G43910 and G43911

he blow vield for borehole G43911 was measured as 0.217's and the rest water level was
20.58m below surface. For the discharge test the pump was lowered 1o 539.60m and the
borehole was pumped for 12 hours at 0.1/'s. Borehole G43910 was monitored as an
obsen ation borehole

The carly time data of the log-log drawdown cunve has a slope of about 0.25. which s
indicative of lincar flow lhrougl a fracture. After about 10 minutes (0.007 days) boundan
conditions are encountered. The derivative cunve shows a constant slope of greater than 0.5,
indicating that radial flow conditions are never established. Flow can therefore be considered
to be linear and predominantly through a single fracture system. An inflection point at 17 m
of drandown, or a water level of appro \un.ncl) 38 m. may indicate the water bearing
fracture. Although the water strike was only plc‘m:d up at 61 m. during drilling. the location of
a water strihe at 42 m in the adjacent borehole G33910, suggests that the water-bearing zone
may be at 38 m. This may have been caused by compressor air pressure preventing waler
from entering the borehole hole or clogging of the small fracture by drill cuttings. After this

point, the slope of the drawdown curve on the semi-log and log-log plots, as well as the
dernative cun e, increases sharply. providing further evidence that the water bearing fracture
is at 38 m.
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The calculated transmissivity is presented in Table 1-6. Radial flow conditions were never
established, causing the application of the Cooper-Jacob method 10 be problematical
Transmissivities were calculated nevertheless using the period 0.006-0.03 days for early time
and 0.3-0.5 for late time. On the basis of these parameters the safe vield of the borehole is
presented in Table 1-7 and is probably about S m /d

_Table 1-6 Transmissivity values for G43911

G43911 Tean (Mm7d) | Ty (m™d) Toegoven

" 1l N (m°id)
0.45 003 009 T
Table 1.7 Recommended borehole yield for G45911
‘Recommended borehole vields  hrs at max.,

Method o mid pump.rate
Max. pumping rate (I's) 0.2
'ﬁccoxer) | l |
Tate T 0.6 (F JE—
Drawdown 10 boundan 5.4 7 B
Distance to boundan 2.4 3

Flow characteristic | 0.4 06
Maximum drawdown 6 17.8 -

The water level in Borehole G435910 was observed during the discharge test of G45911.
However, the water level in this borehole was gradually rising and rose about 0.5 m during
the duration of the pumping test. This indicates that the linear fracture intersected by G43910
was not intercepted by G45911.

Borchole G45913

For the discharge test of borehole G45913 the pump was lowered 10 a depth of 85.80 m,
pumping 12 hours with a rate of 0.07 Us. The rest water level was measured to 70.54 m

The results of the first 1 5min of the pumping test are unusable due to difficulties in adjusting
the low flow rate. Thereafier the drawdown curve shows a steady decline. and the horizomal
derivative curve indicates that radial flow conditions are approximated until about 240
minutes. Subsequently. the rate of drawdown increases substantially. indicating that closed
boundary conditions are encountered. Towards the end of the test at 480 minutes the water
level temporarily stabilises, indicating that a water bearing fracture may have been
imtercepted. Unfortunately. the test was discontinued and this cannot be validated.

The calculated transmissivits for G335913 is presented in Table 1-8. The recommended
borehole yield is presented in Table 1-9. Early time transmissivity was calculated from the
period 15-30 minutes, whereas late time transmissivity was calculated from the period afier
the boundary was encountered. The sustainable vield is probably about 1.4 m’/d.

Table 1-8 Transmissivity values for G43913
G43913 T arts (m™/d) T e (M™/d) | Tvu_nc-\
| | (m™/d) |
- I'1.13 022 0.76 |
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Table 1.9 _ Recommended borehole vields for G45913

Recommended borehole vields hrs at max.
Method md o ~ pump.rate
Max. pumping rate (1 5) 1T I 0.04
Recoven i
Lae T s 136 |
Drawdown to boundan 1.7 - 12.7 1
Distance 10 boundan K 0.
Flow characieristic | 1.0 - Te
Maximum drawdown 2.3 : o 18.4
Borehole 405530

Borehole 4053530 is situated in the south of the study area on top of a ridge. It was established
during the Critical Intenvention Programme. The blow vield was measured as 2.5 |'s and was
associated with a fracture zone at 90 m depth. The rest water level was measured as $3.56 m
below surface. giving 45 4 m of available drawdown and the hole was pumped at a rate of 2
I's. For the discharge test. the pump was insened 1o a depth of 101, m. No geological data or
geophysical data are available for the borehole” hence it can be presumed that the borehole
was sited visually. The borehole could not be located in the field at the given co-ordinates
The local community also had no recollection of this borehole. in spite of the borehole having
been drilled in 19935,

The drawdown curve of borehole 405530 behaves according to the double porosity concept
known for fractured aquifers. The first 20 min of the drawdown cune reflects the flow
contributed from the fractures. The flattening of the drawdown curve between 20 minand 3 h
reflects a period during which leakage from the aquifer matrix occurs

The transmissivity values are presented in Table |-10. The recommended borehole vield is
shown in Table 1-11. The sustainable vield is about 40 m /d

Table 1-10 Transmissivity values for borehole 408230
203330 T, (M d)  Tue(m™d) ) [R—
(m~d)

’ =38 R e B
Table 1-11 Recommended borehole vields for borehole 405530

Recommended borehole vields  Hrs at max
Method m d pump.rate
Max. pumping rate (1'5) 2.7 |
Recovery 3. 0.3
Lae T 30.1 <4
Drawdown 10 boundary 396 I X T
Deanccwbomiay 09 &l
Flow characteristic | —46.0 - ’ a6
Maximum drawdown L - B

The discharge test shows that the early time transmissivity of the tapped fracture is in the
same order as the lower vielding boreholes discussed above. Hence. the high biow yvield
cannot be attributed 1o higher fracture permeabilities. The shallower water strike and the

-
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larger available drawdown create a higher confining pressure, which leads to a relativel
higher vield.

Conclusion

In conclusion. the discharge tests indicate that the aquifer consists mostly of single finite
fractures of low permeability and low storativity, with a relatively impermeable rock matrix.
The early time fracture transmissivity is about one order of magnitude higher than the late
time transmissivity due 1o poor interconnection of fractures. This corresponds very well with
the drilling results, which indicated that most fracture networks are calcite filled. resulting in
POOr Interconnectivity

Figure 1-54 shows the relationship between the blow vields. the sustainzble vields and the
transmissivities of the four boreholes tested. A linear relationship may exist between blow
vield and sustainable vield, whereas the transmissivity proved not to be directly related 1o the
yvield of the boreholes. implyving that vield may be related to available drawdown. That
implies that storativity. fracture interconnection and the confining pressure in the tapped
fractures are more imporant in regards to the vield of a borehole. However. Figure 1-54 is
only based on four data points and the results have to be taken with caution

PowYadn s Yodord T w
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Figure 1-54 Relationship between sustainable vield, blow vield and transmissivity

1.9 Down-the-hole Geophy sics

The newly dnlled boreholes were logged using gamma and apparent resistivity logging to
determine the formation composition in terms of lithology. permeability and conductivin
Ihe data were obtained with the CHEMTRON R300 bore logger, which is with a portable
bore hole logger that records the number of pulses detected per unit of time,

Gamma Logs

The gamma radiation imensity was measured for five of the newly drilled boreholes. The
gamma logs for the respective boreholes are presented in Appendix 1-E,

In general all obtained gamma logs show a very uniform profile reflecting the very uniform
character of the tillite formation. G43906, G45907 and G45913 are discussed together as they
generate a very similar log. The weathered overburden is clearly identifiable with a lower
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clay content compared to the ullite matnx since it has low radiation counts. A distinct
ncrease in radiation intensity reflects the clay-enriched matrix of the tillite formation. At a
depth of about 70m the radiation intensity changes again and less counts per second are
obtained. This is believed to correlate with a lower clay content in the ullite matrix
Furthermore. the static water level at this depth backs the suggestion of a less permeable
matrix above 70 m due 1o @ higher clay content,

In boreholes G43910 and G391 1 the weathered zone can be identified by a relativelv fow
radiation intensity. After the first few meters the counts per second increase distinctively
according 10 the change in Inhology to ¢lay enriched tillite. The tillite appears ven
homogeneous and no further differences in the radiation intensity are recorded.

Spontaneous Potential Logs (SP log)

The SP logs obtained from the vielding boreholes are shown in Appendix |-E.

lhe logs generated a vern homogenous picture. reflecting an unstructured tillite formation.
Existing lithological changes seemed to be too insignificant 1o be picked up by the SP log

Conclusion

In conclusion, it 15 not possible to gamn any new information about the subsurface and its
water-bearing features by using down-the-hole geophy sics in the Dwyka tillite. The formation
15 100 uniform and small changes in the lithology proved to be undetectable by gamma or SP

logs.

1.10  Evaluation of climatic data

Rainfall datwa for the study area was obtained from the Computing Centre for Water Research
(CCWR ). Only one rainfall station exists in the vicinity of the study arca and is at the
Mehlomnyama police station. approximately 13 km east of the study area. The distribution of
estimated mean annual precipitation (MAP) for the study arca. based on the CCWR Iminute
x! minute rainfall grid is shown in Figure 1-535, The estimation of MAP at each grid pont
was determined using a regression surface in which MAP was regressed against factors such
as altitude. latitude. longitude. continentality and aspect (Dent. Lynch & Schulze, 1989)
Figure [-33 suzgests that MAP varies between 618.5 mm and 12045 mm in the arca
Generally ranfall intensity increases with decreasing elevanon towards the SE. Average
mean annual ranfall for the study area 15 about 840 mm

The month!s rainfall distribution in the area is characierised by intense summer rainfall and
dry winter scasons and is presented in

Figure 1-58 tor grid point 30.03 longitude and 30.7% latitude

An estimation of rainfall distribution during wet and dry sears is shown in Figure 1-56 and
Figure 1-37. based on the rainfall that is ikely to be exceeded in 20 % and 80 % of the years
The mean monthly evapotranspiration data is presented in

Figure 1-59 for the grid point 30.0500 longitude and 30.7500 latitude. Mean annual S-pan
evapotranspiration is 1370 mm

[he recharge for the area can be estimated on the basis of existing rainfall-recharge
relationships. Several locally developed rainfall-recharge relationship formulae exist for
South Africa (Bredenhamp et al. 1993), They give site-specific estimations of recharge
values as a fraction of precipitation. although they ignore the complex nature of recharge
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processes. Recharge for the study area can be calculated on the basis of a formula developed
for Karoo aquifers (Sami & Murray 1998);

R = |.5% of MAP [mm)] (1)

\ccording to equation (1) recharge in the study area is in the order of 12.6 mm annum. This
corresponds 10 values given by DWAF (1995) for the region. which are in the order of 10 10
20 mm annum. A large proportion of recharge is discharged in high Iving springs in the study
area due 1o the low storage capacity of the rock, hence groundwater has a low residence time
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Figure 1-58 Mean monthls distribution of precipitation at grid point 30.0500 longitude and
20,720 latitude
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Figure 1-39 Mean monthly distribution of S-pan evapotranspiration at grid point 30.0300

longitude and 30,7300 latitude

1.11  Hydrogeological Evaluation

Water demand in the study area is primarily for domestic purposes and partly for small-scale
agricultural activity. Currently. water supply needs are met mostly from upland springs, rivers
in the valley bottoms. and boreholes equipped with hand pumps. However. groundwater could
play an important role as it is a reliable water source, even in drought situations, and is
generally of good quality compared to other water sources in the area. Water supply
provision is complicated by the fact that settiement is concentrated on hill tops and extremely
limited access exists to low Iving areas. where a more assured water supply could be located.
The extreme topography. however, would create static pumping heads of over 300 m. Hence,
groundwater exploration is predominantly restricted to the hill top regions

The tillite has a very low permeability and forms a cover of up to 430 m thickness in the area,
which prevents drilling through the formation into a more consistent aquifer. The fine-grained
tillite is generally an aquiclude. except where fractures are encountered. The drilling results
and the pumping tests indicate that the venn homogeneous sedimentary lithology lacks
primany porosity. Porosities range between 0.0021-0.0076 (Brink, 1983). Secondary porosity
has been reduced by numerous calcite veins. Clay minerals constitute an important part of the
tillite matrix and affect the process of weathering. resulting in the formation of
montmorillonite- illite-haolinite. This fact is reflected in the very poor historical success rate
in the area. with 84 %, of the holes being dry.

['hree of the boreholes drilled into fractured tllite during the critical intervention programme
are thought 1o have intersected large faults and have vields of greater than 2.0 I's. However.,
these faults occur at the contact of the Dwyha Group with other lithologies and were not
investigated during this study as they were previously hnown structures and their occurrence
1s very limited. Hence, the project concentrated on alternative targets that are not currently
considered. Smaller faults have been shown 1o yvield generally less than the major faults. This
could be auributed 1o the fact that the larger faults have created a greater spread of
sympathetic faulting which increases connectivity and hence more groundwater collection
occurs

Drilling and the geophysical investigations in the area revealed that successful boreholes are
associated with fracture zones onlv. They proved 10 be generally unconnected and. due 10
steep dip angles. and of vens limited horizonal extent. even though all boreholes except for
G43910 and G23911 were drilled on lincaments thought to be extensional features. The lack
of regional extensional features is also highhghted by the LANDSAT TM lincament data set.
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which indicates that the bulk of lincaments are of limited extent. Structures like dolerite dvkes
or sills are seldom found in the study area and hence do not play an important role. There is
no indication that the highly weathered overburden material, with a thickness of up to 30m,
act as an additional aquifer or that it provides a significant storage 1o replenish the underlying
aquifer.

The discharge tests revealed that water abstraction from the Dwyka formation exhibits a
strong time dependency. During early-time response groundwater flow 10 the borehole comes
from storage in the permeable fractures. With progressive pumping boundary conditions
quickly become evident. indicating a poor fracture connectivity. This can be attributed 1o the
calcification of the existing fracture networks, which is evident 1o over 100 m depth. The
calculated fracture transmissivitics range in the order of 0.45 m*/d 10 2.8 m*/d. The late time
transmissivity ranges in the order of 0.02 m* d 10 022 m*/d.

These unfavourable hydraulic properties explain the relatively low vield of the aguifer. An
average blow vield of 0.14 I's can be expecied in wet boreholes, however, this is not
sustainable on a continuous basis since fractures in the area are seldom interconnected. Hence
long-term sustainability is limited for all but very low pumping rates. The investigations
suggest that high vielding boreholes can only be found at sites where several interconnected
fractures exist to enlarge the general low permeability of the formation. The massive nature of
the rock and the brittle calcite filled fractures suggest that the formation may be a candidate
for hydrofracturing 10 increase vields and fracture connectivity.

Water strikes occur generally between 42m and 111m, depending on the topographical
setting. The lower depth is found in valley bottoms, while the highlands generally exhibit
water strikes of greater than 70 m in more than 50% of boreholes. Static water levels in the
highland holes are also not significantly higher than the water strike depth (figure 1-16),
limiting confining pressure and available drawdown. The only high vielding borehole evident
had an available drawdown of 45 m, hence vield is topographically related and is dependent
on the static water level. The static water level in the area is generally very deep, with an
average depth of 53m. This is an expression of the distinct topography in the area and most
borcholes being located on hilltops. In comparison, the water level in valley bottoms is
located only a few meters below the surface, as boreholes G45910 and G43911 confirm.

The study revealed that topography is a significant factor affecting success rates. Two
exploration boreholes drilled in a valley bottom had relatively shallow water strike between
40 10 60 m and shallow rest water levels between 3 and 4 m below the surface, although blow
vields were similar to those achieved on hilhops. However, as a result of communities mainly
living on hillops, the aquifers in the valley bottom are not at the point of demand. vields are
not sufficient to warrant pumping and pumping heads are prohibitive.

The water quality in the area was determined on the basis of water samples from 5 of the
percussion drilled boreholes and is presented as Schoeller diagrams, tri-lincar Piper diagrams,
and Suff diagrams (Appendix 1-D). An inspection of the graphs reveals that groundwater in
the area has a similar chemical character. with sodium and magnesium being the dominant
cations and bicarbonate (HCO:) and chloride being the dominant anions. High pH values
characierise the water as shghtly alkaline. The water is primarily a result of carbonate-mineral
dissolution.

The ambient water quality is considered to be good with most of the parameters generally
meeting the recommended limits of the SABS 241 - 1999 specification for drinking water.
Based on the water quality classification method developed by DWAF in 1996, the water
samples fall manly in category 0 and |, showing ideal drinking water quality (DWAF, 1996).
I'wo exceptions in these regards exist for boreholes G45906 and G45913, which show
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clevated calcium and chlonde content respectivels and therefore fall into category 11 of the
DW AF classification sy stem

To assess the groundwater resources potential, the current groundwater abstraction in the
study area was estimated. Since boreholes are equipped with hand pumps and static pumping
heads are between 50-70 m. it can be assumed that discharges are about 130-250 |'h
Assuming a 60°» usage rate over a 10 hour day. groundwater abstraction from each borehole
would be about 0.9-1.5 m 'day. which is within the sustainable vield of tested boreholes. At
13 litres per person per day. ¢ach borehole could supply about 60-100 people. Abstraction
would be less than 548 m' annum for each borehole. which would equal the recharge from
approximately 0.046 km-

The low permeabilits and the storage of the aquifer, as well as the low fracture connectivin.
are sigmificant factors restricting groundwater development. Groundwater supply using
boreholes equipped with handpumps are obtainable and will be efficient for small
communities

1.12  Financial Analysis

The objectine of this section i1s 1o evaluate the extent 10 which additional exploration is
financially viable in terms of a reduction in overall borehole establishment costs based on
experiences in the Dwyka ullites, Three different scenarios were considered 1o establish 11
successful boreholes: 1) no structured exploration programme. or drilling randomly or by
visual observation: ii) limited exploration based only on the frequently used method of limited
EM-34 and magnetometer geophysical traverses and a desk study of existing maps: and iii)
full exploration based on structural mapping. LANDSAT and aerial photo interpretation. and
field geophysical exploration using the most appropniate system as  defined by
hydrogeological conditions.

Results for Scenario 1 are based on historic drilling records as recorded in the NGDB. which
are assumed 10 represent random drilling or boreholes sited without modern exploration
methods. In the study area 149 borcholes have been drilled. of which only [8 vield water.
This success record was used to estimate the number of holes and associated costs required 1o
establish 11 vielding boreholes

Scenario 2 is based on success rates achieved during the Critical Intervention Programme.
where 45 boreholes were sited using an EM-34 and magnetometer. Only 11 of these
boreholes comained water

Scenario 3 is based on the methodology adopted for this project. where a MAX-MIN EM
system was used due to advamages of depth of penetration. and potential to collect data
simultaneously in both the profiling and sounding modes. Traverses were conducted in order
10 site boreholes across lineaments identified from LANDSAT and aerial photo interpretation.
field venfication of lineaments. and the structural analvsis of lineament orientations based on
outcrop mapping. The investigation drilled 10 holes, of which § were successful. Costs were
extrapolated in order to determine costs 10 achieve 1] vielding boreholes so that they could be
compared 10 scenario ! and 2

lable 1-12 shows the assumptions made in terms of methodology and quantities to establish
the exploration and drilling costs incurred to establish |1 successful holes
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Table 1-12 Approximate costs to establish 11 vielding boreholes according to scenarios 1, 2
and 3.
Ttem ~ Units Rate Scenario 1 Scenario 2 Scenario 3

Qn Cost ® 1Qny Cost & Qn [Cost &

Desk Study Day 1600 | 1600 S 8000
Community Laison™ |Hr 100 22 2200 229 (2250 1T 1100
EM 33 sunev Day 1500 15 22500

MAXAMIN suney™ Day 2500 11 27500

Accommodation  Day 150 15 2250 11 (1650
Geophysical Interp. Line 100 | 253500 23 12200
TANDSAT image™ [Fach 2300 1 2300
TANDSAT mte Day 1200 3 (3600
Structural mapping” ]5;,\. {1350 | | 3 ﬂJdO’SO
Drilling®  |Hole [17000 (917 [T00T000|45" 495000 227242000
Dnill supervision Day 1000 91 91000 457 45000 227122000
TOTAL ; | 1094200 573100 314600 |
Per successful site R g L 99473 22100 28600
Median vield" Ls 0.6 0.1 BN

RTs 621706 21000 286000

T Review of topographica: and peoiogical maps and geological repors

2 At 30 manutes per dnlling sae

3. At 1 technician and one labourer and 3 boreholes sited per day . including magnetometer sunes s

4: A1 2 techaicians and 2 boreholes sited per day including magnetometer surven s

& A1 22% recovery per usage of R10 000 per 180 x 180 km image and R1200 in man-hours for co-ordimate
registration

6: Field mapping of outcrops and aenal photo interpretation

T Assuming 12% success rate as determined from histonic drilling records in the NGDRB

8 Casing costs are not considered as 1t 15 assumed that only successful horeholes would be cased. which would
result in similar casing costs for all scenarios

§: Assuming 27" success rate as determined from the CIP records

10: According 10 the success rate of $0%, as achieved in this project

11: Median yicld based on the successful borcholes onky

Based on these costs, the total expenditure per each successful borehole was evaluated and
compared 10 initial exploration costs in order to quantify the financial benefits that can arise
from adequate exploration budgets. Figure 1-60 shows that historic success rates have
resulted in an expenditure of approximately R100 000 for the establishment of each
successful borehole. In comparison, a limited expenditure of about R33 000, or R735 per
borehole drilled. would improve drilling success rates 10 27% and would result in an
expenditure of about R32000 per successful borehole. If exploration expenditure were
increased to R30 000, success rates of 50% could be expected. hence the drilling budget could
be greatly reduced. Expenditure would then be about R28600 per successful borehole.

As a result, an expenditure of R1094200 would result in the establishment of 11 boreholes if
the budget were dedicated to drilling without scientific exploration. If only 6% of the budget
were dedicated to exploration, 21 boreholes could have been established for the same
expenditure. If exploration costs were 16% of the budget, 38 boreholes could have been
established within the same project budget.

Exploration costs exhibit economies of scale as the larger the program the smaller is the
proportion of the budget dedicated 10 exploration (Figure 1-61). For example, 10 establish 3
boreholes using the methodology of scenano 3. exploration would be 27% of the 101al project
budget. If 30 boreholes were 1o be established exploration would only be 12% of project
budget. Figure 1-61 suggests that exploration is most cost effective when more than 15
boreholes are to be established in a region.
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Figure 1-62 Head discharge relationship for Mono direct drive rotary hand pumps at 40

rpm and 6 hours per day operational time.

1.13  Conclusions and Recommendations

The following conclusions can be drawn from the rescarch study

Although of low potential, groundwater 1s an important resource in the study area, providing a
clean and consistent water source. The geology in the area consists of low permeable tillite of
the Dwyka Group, however it does not provide a productive aquifer. The low primany
porosity of the tillite and extensive calcite veiming restricts groundwater flow 10 poorly

connected fracture zones. Successful groundwater exploration in the area has to delineate
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e The 1opography is a decisive factor controlling the availability of groundwater. At low
altitude groundwater rest levels are generally shallower and the chances of hinting a
fracture zone below the static water level are higher. resulting in more confining pressure,
hence potentially higher vields. However, population distribution and poor access 1o
valley bottoms limits the feasibility for boreholes at a low elevation. In addition. the low
vields and high pumping heads from the valley bottoms to the high lving areas limit the
economic feasibility of this option,

e A financial analysis suggests that a comprehensive exploration programme based on
wdentifying Key structures. with a correspondingly larger exploration budget, could in the
long-term result in significant cost savings, especially in large regional programs where
the costs of regional geological exploration are spread over many boreholes. In such cases
dedicating a larger proportion of the budget 10 exploration than is currently the case may
result in more efficient drilling and a net reduction in establishment costs per site. For
such an exploration program to be successful it must incorporate field geological
mapping. remote sensing and appropriate geophysical exploration based on the identified
hydrogeological regime.

In conclusion. the research showed that successful groundwater exploration for the area is
possible, but groundwater abstraction will be limited 1o hand pump schemes. An evaluation of
the structural geology and the hydrogeological conditions of the area together with a suitable
geophysical method for the environment pushed the drilling success rate up from a historical
12 %610 50 %6. The unfavourable hydraulic properties of the tillite however, limit the yvield of
holes and median yvields of successful holes could not be increased. Therefore, groundwater
abstraction in the arca will mostly be restricted to exploitation through hand pumps 10 suppornt
small communities. High vielding boreholes are seldom encountered and can only be found at
major fault zones where interconnected fracture zones are present to distinctively enlarge the
permeability of the subsurface. These are located at the margins of the Dwyka Group.
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ANALYTICAL RESULTS OF THE WATER SAMPLES
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ANAIYTICAL RESULTS OF THE WATER SAMPLES
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Chapter 2 — Natal Metamorphic Province

2. NATAL METAMORPHIC PROVINCE

2.1 General Setting

The Natal Metamorphic Province (NMP) underlies | 5% of all rural areas in KwaZulu-Natal
and is therefore underlies more of the rural areas than any other lithological province. It is
also relatively densely settled.

2.1.1  Site Locality

The research area is situated in the Mapumulo District of KwaZulu-Natal, about 30 km north-
west of Stanger and 75 km north of Durban (Figure 2-1) and extends over approximately
1300 km* The area is bounded by steep sandstone cliffs 1o the east and west, while the
Tugela thrust belt forms the northem boundary. To the south the area extends 10 29 30
latitude, The study area is covered by four 1:50 000 map sheets: 2930 BB Ahrens, 2930 BD
Noodsberg, 2931 AA Mapumulo and 2931 AC Shakaskraal.

Two major access roads, the R 75 Greytown - Stanger in the north and the 614 Dalon -
lonpat in the south serve the region, from which a fair number of dint roads diverge. The
area is essentially rural with a population density of < 100 persons per km’ (DWAF 1995%),
Mapumulo is the most important village in the area with schools, stores and a hospital.

Figure 2-1 Site uaiq
2.12 Topography

Removal of the younger blanket of Cape and Karoo age sediments has resulted in the
exposure of the NMP in & marrow elongated inlier that extends from the Valley of a Thousand
Hills near Durban, northwards to the Nkandla area. The topography that developed on the
well foliated and steeply dipping basement rocks is highly undulating. with rounded hills and

2-1
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today. River terraces and riverbeds of protruding outcrop indicate that active down-cutting 1s
still in progress

2.1.3  Drainage

I'he area is drained mostly by the Tugela River and the Mvoti river systems, both perennial
streams. Various tributaries of the Tugela and the Mvoti, such as the Hlimbitwa, the Otimati,
the Mati, the Nsuze and the Pambela also dissect the study area. The major watershed
between the Tugela in the north and the Mvoti in the south runs NW - SE and is
approximated by the R74 highway.

The drainage 1exture is very fine. indicating that runoff is considerable and that subsurface
storage of water and recharge are low. The underlying rocks have apparently exerted little
structural control on the swreams, except where wide zones of silicified fault breccia have
caused major rivers to swing around in wide meanders. River terraces and riverbeds of
protruding outcrop indicate that active down-cutting is still in progress.

I'he drainage pattern appears 10 be superimposed on the basement from the pre-existing Natal
Group rocks, since the streams cut across the basement foliation at near right angles. Hence.
rivers do not necessarily indicate zones of structural weakness. Drainage on the high lyving
Natal Group rocks flows down the eastward tilt of the fault blocks before crossing onto the
basement rocks. Younger tributary streams, however, appear 10 be related to the foliation of
the basement. especially the gneisses. On the more homogenous porphryoblastic gneiss in the
south, drainage 1s dendnitic.

2.1.4  Climate, Vegetation and Land Use

The climate in the study area is characterized by hot, humid and fairly wet summers and cool,
dry winters. The wet season lasts approximately from October to April with rainfall mostly
derived from heavy showers during thunderstorms.

The pattern of mean annual precipitation (MAP) is shown in Figure 2-88 and varies between
$33mm and 1332mm throughout the arca. The rainfall pattern reflects a general increase from
west 10 east in sympathy with decreasing distance from the coast and altitude. A comparison
between Figure 2-2 and Figure 2-88 reveals that rainfall is greatly affected by wpography.

with the higher Iving areas underlain by the Natal Group rocks receiving higher precipitation.

The climate accounts for a vegetation dominated by thorn scrub and grassland. According to
the Acocks Veld Types, the vegetation is classified as Coastal Tropical Forest, with Karoo
and Karoid in the valley bottoms. To the east and west of the study area, natural vegetation on
the Natal Group rocks has often replaced by sugar cane and to the west additionally by large-
scale afforestation for commercial purposes. Other formal agricultural activity includes stock
and pouliry farming, whereas agricultural activity in the rural areas underlain by the basement
rocks consists of subsistence cattle and dry-land maize farming,

2.2 Regional Geology

2.2.1  Introduction

The Natal Metamorphic Province is situated in the coastal belt of KwaZulu-Natal and outcrop
is restricted 1o an erosional inlier that stretches N-S from the Tugela Valley 10 Port Edward. It
consists of rocks varving in age from 1400 10 900 Ma. The rocks exhibit a general E-W sinke
and are characterised by polymetamorphism, with the degree of metamorphism increasing

tJ
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The Mzumbe Terrane is bounded in the south by the Melville Thrust, which separates the
Mzumbe and Margate Terranes. It is made up of major ENE trending linear belts of highly
deformed migmatitic rocks of the Mapumulo Group that usually dip steeply 10 the north
These belts vary in width from 2-15 km cach and are separated by intervening belts of well
foliasted granite gneiss. porphyroblastic gneiss and augengneiss. The general strike of the
rocks is NE-SW. The migmatites appear 10 be former pelitic sediments metamorphosed 10
grades ranging from an amphibolite 10 granulite facies. Lithological and structural
relationships indicate that the belts of granitic intrusions represent anticlinal elements of a
reconstituted crystalline basement. whereas the migmatic rocks of the Mapumulo Group
represent infolded remnants of an original supracrustal sequence (Figure 2-4).

A marked unconformity exists between this Archean basement and the essentially flat lving
Silurian age sedimentary Natal Group rocks that overly the Natal Metamorphic Province. This
pre-deposition period terminated in the formation of a slightly undulating erosion plain
known as the Pre-Cape surface. This surface has a relief varying between 20 10 60 m. Only in
the immediate vicinity of the contact between the Natal Group and the Natal Metamorphic
Province can weathering of the basement from this erosion surface be observed. Following
the deposition of the Palacozoic Cape and subsequent Karoo age rocks, a period of extensive
faulting occurred. This tectonic event was related 1o the breakup of Gondwanaland and is the
principal geological process controlling the hydrogeology of the region.

The study area forms a broad elongated belt running to the NE from the Valley of a Thousand
Hills near Durban to the Tugela River and lies in between higher regions of sedimentary
strata. The general strike of the rocks is NE-SW and the dip of foliation is usually steeply
north. It is located in the Mzumbe Terrane, which is about 180 km wide. These belts of
migmatic rocks are separated by intervening intrusive granitoids, some of which amain
batholitic proportions.

2.2.2  Lithology of the Mzumbe Terrane

I'his Precambrian crystalline metamorphic complex forms part of the Namagqua-Natal mobile
belt. It consists of porphyroblastic granite-gneiss separated by ENE trending belts of 1300 Ma
Mapumulo Group rocks. The latter consist of belts of metamorphosed quartzofeldspathic and
semi-pelitic lithoty pes of a volcano-sedimentary origin. Granitoid gneisses and banded biotite
or hornblende-biotite gneisses form the major proportion. with the remainder consisting of
amphibolites. schists and granulites. Varying degrees of metamorphism and intense folding
has obscured the succession of Basement Formations in the Mapumulo Group so that their
chronostratigraphy has not established

Metamorphism is related to increasing temperature and pressure resulting from Upper
Proterozoic compression and folding as well as the intrusion of megacrsytic leucogranites.
The resulting metasomatism of the Mapumulo Group rocks resulted in the formation of large
pink porphryoblastic gneisses. Pegmatites and aplite veins also resuled due to the
cnystalisation of residual volatiles at the wrmination of orogenesis. These are common,
especially in the highly migmatised zones where gneissic rocks of Mapumulo Group rocks
have suffered plastic deformation

Eight distinct lithostratigraphic units can be distinguished in the Mapumulo Group (Thomas
1988). seven of which have been named, however, the age relationships of these Formations
15 unclear. The 1:250 000 Durban geological map covering the area utilises an outdated
classification. which distinguishes only four unnamed units classified according 10 lithology.




Chapter 2 - Natal Metamorphic Province

NN - Do Do

L e ol
B Graes  Nwr
AmEaRaime AW P
AR IARI huP

Ser e grann A
Yon g Pta BB g Timan

-in'-l--q e

— o 0T Seateir e
O mm Srann  Nwe
T O R T
Pranr wab
M LR B Rwb
AR e Nt
L%t g anke WP

oAy

Figure 2-4 Geological map of the region
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The succession is presumed to start with the carbonate rocks of the Marble Delta Formation,
which outcrop only NW of Port Shepstone in the Margate Terrane. The lithological units
identified in the study area consist of mafic granulites of the Mhiwazini Formation (Nm on
map). amphibolites (Nh). a variety of pink leucocratic gneisses with subordinate quanzites
(Ng). and pelitic and semipelitic biotite-homblende gneisses with subordinate pelitic schists
of the Quha Formation (Nbi), which is the most wide spread in terms of outcrop area.

MHLWAZINI FORMATION (Nm): This formation consists of poorly foliated. dark, fine to
coarse grained mafic granulite characterised by feldspar primo-crysts that show rapakivi
textures. While the granulite appears 1o be volcanic in origin, some researchers are of the
opinion that it represents metamorphosed meta-sediments (Linstrom 1987).

MPAMBANYONI FORMATION (Nh): These amphibolites and banded hornblendes occur
mainly as thin inter-layered discontinuous layers and lenses in the gneisses. They range from
& homogenous black rock to one with leucocratic lavers. The rocks are fine to medium
gramed and consist mostly of homblende and plagioclase. Pegmatite veins occur in
abundance

PINK LEUCOCRATIC GNEISS (Nq): This unit contains a variery of pink. acid. medium to
coarse grained, strongly foliated gneisses. These have a wide distribution and form a series of
bands and discontinuous layers interbanded with the Quha Formation! The gneisses are
uniform in mineralogy but heterogenous in appearance due to large differences in grain size,
mineral proportions and deformation characteristics. Feldspar porphyroblasts of up to 25 mm
as well as aggregates of dark red granet occur. Pegmatite veins of more than one generation
cut the gneisses. Some layers of massive blue-grey quartzite are also noted.

THE QUHA FORMATION (Nbi): This Formation consists of pelitic and semi-pelitic gneiss
(85%) consisting of biotite and biotite-homblende gneiss/migmatites. with layers of
amphibolite and calc-silicate gneiss. It has a grey to dark grey colour and is well foliated
Although pelitic schists and gneiss can occur over a large area, they constitute only a small
percentage of the unit. They usually occur together with amphibolite and biotite-homblende
gneiss in irregular discontinuous layers

Intrusions

Ihe Mzumbe Terrane is intruded by a number of granitoids. Thomas (1988) divided the
intrusive granitoids of the Natal Metamorphic Province into pre-tectonic, syntectonic and late
10 post-tectonic groups. The pre and syntectonic intrusives occur only in the Margate Terrane
and the Amanzimtoti Shear Zones to the South. The intrusives found in the Mzumbe 1errane
consist predominantly of megacrystic biotite granitc and megacrystic charnockite of the
batholithic Oribi Gorge Suite, with additional leucocratic granite and aplitic granite also
present

The Oribi Gorge intrusions are about 1000 Ma (Thomas 1988). They consist of very coarse-
grained pink and grey porphyritic granite and dark green charmmockite facies. Intrusions have
outward dipping contacts and Thomas (1988) postulated that they may be mushroom shaped.
I'he hot drv magmas produced localised contact metamorphism in the surrounding gneisses in
up to 100-m wide contact zones. Many of the contacts between these intrusives and the
Mapumulo Group rocks are tectonic. either related 1o subsequent Proterozoic ductile
transcurrent sheaning, which produced E-W belis of augengneiss, or 1o later post Karoo faults
which now contain epidotite or my lonite. Intrusive granites occupy approximately 40% of the
surface area of the Mzumbe and Margate Terranes and can be batholithic in size (up to 500
km").

1.2
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2.2.3.2 Metamorphic Structures

Foliation: The parallel alignment of mafic minerals has given rise 10 a well developed
foliation. which coincides with the stratification of the original sediments. Foliation trends
ENE-WSW and the rocks dip mainly to the NNW and SSE at between 60-80 degrees
(Roberts 1971)

Lineations: These are generally inconspicuous and are related to the parallel elongation of
minerals on foliation planes. The direction of plunge is shallowly (20-25 degrees) ENE-
WSw.

Joints:  Joints are well developed. especially in the foliated leucogranites. The majority are
vertical to sub-vertical fractures having little or no displacement. Two trends are evident: in
NE and WNW joint planes. Jointing could have been caused by contraction during cooling of
the basement rocks, or as a result of the folding, shearing and loading which the rocks
underwent.

Faults: These are of rare occurrence and only a few Precambrian breccia and mylonitic zones
have been observed. which appear to strike roughly E-W. Two distinct ages of faults can be
distinguished. The earliest 1s preserved as mylonite zones that grade into surrounding gneisses
and amphibolites. and as regional anomalies in the trend of foliation. This phase appears to be
of similar age to the rocks and displacement is difficult 10 measure due to poor outcrop and
deep weathering. The vounger phase of faulting is evidenced by zones of brecciation
approximately 20 cm wide transgressing foliation and mvlonite zones. Large zones of
brecciation are relatively rare.

Folds: Several anticlinal and synclinal axes can be deduced from opposing dips, some of
which are fairly extensive (Leith 1966). Fold axes trend ENE.

2.2.3.3 Post Karoo Faulting

An extensive and complex network of faults has been mapped in coastal Natal (Maud 1961)
in a tectonic region known as the Natal Arch or the Natal Monocline (Figure 2-5). Faulting on
the Natal Arch is related 1o the break-up of Gondwanaland and was caused by a SE oriented
tensional regime. This process resulted in a complex panemn of faulting associated with
crustal extension normal to the continental margin (SE oriented tension), and’or strain along
rotational couples resulting in strike slip movement parallel 10 the coastline along a transform
fault known as the Agulhas Transform Fault. Faulting related to this tectonic event has been
dated between 190-90Ma (Visser 1989).

The Agulhas Transform Fault is a dextral (right lateral) transform margin with a 1200-km
offset that formed during the movement of the Falkland Plateau past South Africa. Faulting
began about 150 Ma during the break-up of Gondwanaland. It stretches from the southern
face of the Tugela Cone (offshore from the Tugela Mouth). where an E-W rified margin
exists, and runs to the SW. Strike-slip movement began about 122-127 Ma. Near Pon
Shepstone the Agulhas Transform Fault is oriented about N35E and at its termination at the
Tugela Cone it is oriented at N2SE. The most important tectonic features evident in the
coastal regions of Natal are related to this movement and on-shore faults are about 110-90
Ma

Strain resulting from movement on the Aghulas Transform Fault has resulted in faulting on
land between 28 30 and 31 S and 30-32 E. The regional pattern consists of a series of fault
arcs wending from SW-NE to N-S and swinging E-W along the coast. A second band of en
echelon curved faults of similar orientation occurs along the coast. In the study area these

79
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suggesting that faults have various ages since active faults do not intersect (Wemicke &
Burchfield 1982).

The study arca hes in the third beht that extends NE from approximately 10km NE of
Pictermaritzburg 10 east of Grextown. At the Nkwaleni Graben north of the study area the
castern upthrow side raises the base of the Natal Group to its greatest elevation (1200 m).

/ » -

Figure 2-3 Faulting on the coast of KwaZulu-Natal (Martin, 1983).

2.2.3.4 Review of faulting

Theories about the origin of the arcuate fault system are sull highly controversial and Maud
(1961) summarised earlier theories. To explain the general eastward 10 south-eastward tilting of
strata on the concave side of arcuate faults, Maud proposed tension acting at right angles 1o the
present coastline (SE oriented tension). This explanation is pre-plate tectonics theory,
consequently it does not explain how such tectonic forces could have arisen based on what is
currently known about the break-up of Gondwanaland.

De Swardt and Bennett (1974) compared tectonic features of KwaZulu-Natal with the East
African Rift system, where downward movement of graben floors was accompanied by strong
uplift of the flanks on rift faults due to i1sostatic rebound and erosion following unloading.
They speculated that the Natal Arch formed as the fault scarp retreated inland due to erosion,
forming graben structures. Faulting on the Natal Arch is explained as contemporaneous with
monoclinal arching and was the result of stresses that could not be accommodated by flexure
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alone. This model 1s not entirely consistent with modern nift vallev systems since most of the
movement on the Natal Arch seems to have taken place very early prior to significant erosion
and furthermore, there is no indicahon that faulting has migrated landwards, as in the East
Afncan nft valley system
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Figure 2.7 Profile of listric faulting (Von Veh & Andersen, 1990)

Martin (1984) invoked wrench tectonics theory (Wilcox et al.. 1973) 10 explain faulting in
relation 10 dextral strike-slip movement on the Agulhas Transform Fault. Martin argued that
the prevalence of transcurrent faults offshore. the onshore en echelon, curved, splayed and
anastamosing fault pattern, the reversal of throw along strike. pull apant grabens and other
features are consistent with tectonic strain resulting from dextral strike-slip motion along the
Agulhas Transform Fault. The dominant strain resulting from strike-slip motion on a
transform fault should be manifested along rotational couples rather than SE tensional forces
as suggested by Maud (1961). According 10 wrench tectonics theory, synthetic strike-slip
fractures should be oriented sub-parallel to the orientation of wrench strike structures such as
the Agulhas fault (figure 2-8). In Natal, therefore, we would expect NE oriented synthetic
faults, connected by ENE trending normal faults at low angle to the wrench strike and
perpendicular 10 the direction of tension (Figure 2-9). In Natal thrusts or reverse faults would
be NNW-N oricnted, with E-ENE oriented antithetic faults (figure 2-9). The total lack of
reported thrusts is, however, a problem with this model, as is the rarity of other observed
structures related 10 compressional tectonics such as reverse faults and folds, and upthrown or
upwarped fault blocks.

Von Veh and Andersen (1990). based on a study of a portion of the North Coast Arc coastal
region between Umvoti Mouth and Port Durnford, subdivided faults on the Zululand north
shore into two main groups: carlier arcuate faults and later NNE trending coastal-parallel
faults. The former set has a southerly downthrow in their northern parts and vice versa in the
south. The arcuate trends, the presence of roll-over folds on hanging walls and the increase in
downthrow towards the points of maximum arcuation were seen as evidence of the structures
having listric profiles at depth, coalescing into a basal decollement. They suggested the faults
formed by hanging wall collapse (dip-slip). whereby a new normal fault breaks off the
hanging wall of an older one due to extensional forces. They concluded that the fault patierns
are consistent with extensional stresses perpendicular 10 the coastline as proposed by Maud.

Watkeys & Sokoutis (1998) argued that the fault pattern is related 1o both strike-slip
movement on the Agulhas Fracture Zone and SE extensional stretching operating in tandem.
This has caused a reactivation of pre-existing Proterozoic shear structures, resulting in
southerly transtensional stretching which has developed in 5 stages. The first stage (180-175
Ma.) was marked by faulting and rifting along the Lebombo monocline stretching from
Empangeni into Mozambique. This was followed (175-155 Ma.) by dextral strike-slip
movement along the Agulhas Transform fault.

2-13
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In areas underlain by the Mzumbe Terrane. ENE fault segments tend to have horizontal
slickenlines, indicating an oblique sinistral strike-slip movement 10 the ENE. These faults also
have dip-slip slickenlines indicating transtension 1o the SE-S, hence movement may have
been related to more than one event, as suggested by Watkeyvs & Sotoukis (1998). In contrast
the N-S segments display only dip-slip slickenlines, indicating they are normal faults.

Figure 2-10 Fault plane of extensional normal faults, W-E cross section,

T'his pattern indicates that two predominant extensional orientations are responsible. Discrete
blocks are pulling apart 10 the cast along N-S normal faults and shearing in a wransiensile
manner. resulting in ENE oriented transtensile faults (figure 2-11 and 2-9). These latter faults
parallel the oriemation of Precambrian shearing, faulting and foliation in the supracrusial
basement rocks. utilising such zones of weakness. As the blocks move to the ENE extension
is accommaodated behind the blocks through normal faulting, resulting in approximately N-S
grabens inland. As the sides of the moving blocks are not parallel but tend 10 diverge
castward, extension occurs at approximately right angles 1o block movement. resulting in
normal faults along block margins. On the coastal ENE segmemts shear transtension 1o the SE
1s accomodated by dip-slip faulting, resulting in ENE oriented grabens along the coast.
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Figure 2-11 Conceptual model of transtensional faulting (Watheys & Sokoutis, 1998)

A tectonic analysis of faulting in terms of the potential of faults and their related joint systems
10 be water bearing requires that the onentation of tensional, compressional and shear couples
be understood. On the Natal coast. this requires an understanding of tectonic processes at
work on the Aghulas Transform Fault and the resulting onshore fault and fracture system.,
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Transienson

N0 10 010 L ERR 0L

al b)
Figure 2-12 The creation of transtension (a)
Figure 2-13 Arcurate transtension at end of fault structures (b)

The offsetting of faults results in a great vanation in throw and reversals of displacement
along the wrench stnke. Characteristically. strike-slip svstems result in subsidiary faults
splayving off long straight master faults where the master fault develops a curve. Splays may
continue in a new direction or rejoin the master fault forming a wedge. Altematively, splays
may form where a2 master form dies out (Figure 2-13). In complex terrains braided or
anastamosing fault systems with complex patterns of uplified and down sagged wedges along
strike can result (Figure 2-14). Variations and reversals of throw on faults also result from
fault convergence. Where curving faults converge, compression ensues, while tension exists
in arcas of divergence. The leading edge of the compressed wedge is uplified while the
trailing edge subsides with divergence, leading to tilted fault blocks and potentially a reversal
of throw, as observed in Natal. This process would suggest that the northern or NE extremity
of faults splavs in Natal where downthrow is greatest are tensional. hence good groundwater
targets, whereas the convergence of splays and zones where fault blocks are tiled upwards
are compressional

Figure 2-14 Anastomosing fault

2.2.3.6 Neotectonics

The region can be considered as one of 1ectonic inversion or reactivation, where pre-existing
structures related 10 older geological stress environments have been reactivated. In this case
older compressional thrust related structures have undergone reactivation by exiension due 10
the break up of Gondwanaland. This process of reactivation is selective; not all structures are
reactivated and reactivation 1s dependent on their orientation, length and antitude

Present day tectonic stresses can be evaluated from an analysis of the orientation of seismicin
and the general forces acting on the lithosphere (Zobak ¢t al. 1989). The most widely used
method for obtaining stress oriemation data s from carthquake focal mechanisms. In
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Of the successful borcholes. 77 % have a vield between 0.1 and 1 I's and only 23 % of the
holes have vields greater than 1 Is (Figure 2-15). However, these borehole vield figures have
10 be used with caution and are rather an overestimate of long term vield, as they are probably
derived from recorded airlift vields rather than proven pump-out vields. The statistics of
borehole vields are shown in Table 2-2.

Table 2.2 Statistics of borehole vields
o Min. vield Max. vield T Mean Median
All boreholes n.a na U9 ls 0.11s
P e ERe————————— o - } e ——— o —.‘,-‘.-._"_‘—‘- —
Successful DO0S1s s 1.51s a’l's
boreholes |

-

Figure 2-21 indicates that dry boreholes are drilled into all lithologies and do not occur only
m specific lithologies. Poor and relatively high vielding boreholes occur within the same
Ithology. suggesting that secondary features like fracture zones. lincaments and dykes are the
major control on groundwater occurrence in the study area

To investigate the influence of major structural features on borehole vields and success rates a
proximity analysis of vields and distance to mapped faults and LANDSAT lincaments was
carried out. Boreholes were divided into five distance-1o-feature classes and for every class a
success rate and a median yvield was established (Figure 2-17 and Figure 2-18)
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Figure 2-17 Borehole vield and drilling  Figure 2-18% Borchole vield and drilling
success rate in relation to the distance to  success rate in relation 10 the distance to faults,
LANDSAT lincaments. Distance class <30m: Distance class  <100m: n=1: Distance
n=6: Distance class<100m: n=9: Distance class<200m: n=6; Distance class<ID0m: n=9;
class<200m: n=14: Distance class<300m: n=47; Distance class<S00m: n=17; Distance
Distance class<1000m: n=75, class<1000m: n=106

A general trend of decreasing borehole yvields and success rate with increasing distance from
structural features can be observed. highlighting the importance of secondany features on
drilling success and borehole vield. However, the high median vield of 7 |'s for boreholes
within 100m to a fault has 10 be taken with caution as it is only based on | record (Figure
2-18). This borehole is located in the vicinity of an ENE running fault, a fault direction that
proved to be of extensional nature, which may explain the relatively high vield

The depth of boreholes varies between 24m and 183m. with a median depth of 105m. This
reflects the depth of water strikes in the area. with approximately 50 %6 of water strikes
occurring below 70m (Figure 2-19). Due 10 the large vanation in relief in the research area.
the static water level is extremely variable and ranges from 2 to "Smbs (Figure 2-20), with a
median water level of 46m below surface

3.19
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Figure 2-21 Distribution of borehole yields throughout the study area
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on lincaments under 0.5 km length on lineaments of L5 Kkm to 1 km length

Figure 2-27 Strike-Frequeney plot based  Figure 2-28

Strike-Frequencey  plot  based
on lincaments of 1km to 1.5 km length,

on lincaments of 1.5 km to 2 km length,

Figure 2-29 Strike-Frequency plot based on lincaments over 2 km length.

Ficure 2-31 shows the arcal distribution of lincaments of different strike directions in tl

studv area. The regional NE-SW (25%-65°NE) lineaments coincide with the boundanes of the

\ a 15 lithologies in the study area. whereas the approximately E-W (70°-110°E) striking
nents become very promiment towards the north of the studv area as a morphological

expression of the Tugela thrust belt. N-S (330°-20°N) and NW-SE (115°-155°SE) striking

features are distnbuted evenly over the entire geological hithologies in the research arca
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Figure 2-31  NE-SW (25-659), E-W (70°-110°), N-S (340°-20°) and NW-SE (115°-158°)
striking lineaments
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2.5 Structural geology

2.5.1 Structural features in the research area
A total of 66 outcrops were investigated i1n the research area (Figure 2-32), obtaining 584
measurements of bedding. schistosity, fault and joint planes in different lithologies
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Figure 2-32 66 outcrops investigated in the research area
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From the discussions on regional development of the terrane (2.2), it is evident that
wanscurrent forces were involved in the evolution of the structural features in the study area.
The brintle structures in the area under investigation cut across all the rock units, urespectuve
of composition, with a limited deviaton m trend and fracture spacing. All the structures
observed were typically pure shear phenomena and were treated as such

2.5.1.1 Primary bedding

Primary bedding was only recognizable in the Natal Group sedimentary rocks and 1 most
cases was sub honizontal or shightly nlted up to 7° dipping towards or away from the relevant
faults

2.5.1.2 Fault zones

Fault zones were not casy 1o find in the metamorphic rocks due 10 the lack of marker beds and
the homogenous nature of the gneisses. Displacements were best observed along the contact
with the tabletop erosional remnants of the Natal Group. The faults observed in the
metamorphic rocks are all of Kibaran age The vounger faults are mostly thin breccia zones
with minmimal displacement

2.5.1.3 Joints

The most obvious features present in the research arca are sub vertical joints dipping steeper
than 80° (Figure 2-33). These joints are traceable from the undeformed Natal Group arkoses
into the underlying gneisses. Two main onentations, almost perpendicular to each other, were
distinguished. The first direction tends to be parallel with the trend of the tectonometamorphic
fabric in the Kibaran age gneiss, while the second set cuts across the grain of the gneisses.

a)
Figure 2-33 a) Oribi Gorge porphyritic granite (Stop 49), with two near vertical dip-slip,
Mode 1 joint sets.

Figure 2-34 b) Oribi Gorge porphyritic granite (Stop 39) in a river exposure displaying two
sets of sub vertical Mode 1 joints. The one set is prominent and densely spaced, while the second
set is nearly perpendicular to it and much wider spaced. The intersecting line is near vertical,
The two directions are parallel to the approximate N-S and E-W faulting.

Joints and comjugated joints were found in most of the outcrops and four sets were
distingumished

e Two of the sets are verncal and nearly perpendicular 1o each other, trending ENE and

NNE respectively. The vertical conjugated sets are parallel to the regional N-S and E-

W planes of faulting and have associated verncal joints (Mode 1 joints), bisecting

their acute intersection angle (Figure 2-34). The intersecting lines of the three joints

are all sub-horizontal and strike either in a northerly or easterly direction. In the

casterly trending set the conjugated joints were influenced by the stecpness of the
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fabnic in the gneiss. Where the dip 1s very steep, the conjugated joints crosscut the
fabric at small angles and the Mode! plane developed parallel 1o the fabric

Where the folianon dips at angles of 70°-50° the one joint set develops along the
fabnc and the other cuts across it (Figure 2-35). The Mode | plane may bisect the
intersection or the faulting may occur parallel o the tectonometamorphic fabric
Where the comjugated and Mode | fractures are nearly perpendicular to the
tectonometamorphic fabric, the gneiss reacts as an 1sogopic medium with no
modification 10 the jont plane onentanons. The conjugated joint orientation and
intersecting lines illustrate that the steep sets are related 10 two dip-ship fault sets
which were onented nearly perpendicular 10 each other

Another vertical set, very scarce, trends to the north with the Mode | plane bisecting
the conjugated joints. In this case the intersecting line 1s sub vertical and linked to

stnke-ship faultung

e The third joint set is sub honzontal and is related to unburdening

a) b)
Figure 2-38 a) Quartz-hormblende gneiss of the Quha Formation (Stop 10) with vertical
Mode 1 joint sets. The one set forms the vertical face to the left of the photograph while the
second forms the face of the rock to the right. The lens cap lies on a diagonal fracture.

Figure 2-36 b) Highly weathered Oribi Gorge porphyritic granite (Stop 51). Thrust-slip
setting is expressed by a conjugated set of joints, with additional Mode | fractures bisecting the
acute angle. The main compressive force is not completely horizontal but plunges slightly to the
Northeast,

e The fourth conjugated joint set is not as prominent as the vertical joint systems, but
occurs in almost all the granite and gne1ss outcrops. In these conjugated sets the acute
angle is parallel to a sub honzontal axis with Mode | tension joints bisecting the
acute conjugate angle. The intersecting lines of these planes are horizontal and strike
to the east and 1o the north and are linked to thrust-ship (Figure 2-36)

2.5.1.4 Appearance of structural features

Most of the joimts observed in the study area are open by 1-2 mm. Occasional secondary
precipitation occurs on the surface. Displacement along fractures is rare, and only found at
some Kibaran age thrusts. On only a few occasions do stnations occur on the fault planes
Spacing of the joints depends on the proximity to a fault zone If close to the fault zone the
Mode 1 joints are closely spaced (up to § cm apart) otherwise they may be several meters

apart (Figure 2-37)

2,98
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Figure 2-37 At stop 13 the cliff face parallels the schistosity in the (Quha Formation) and the
east trending faulting. A second parallel vertical fracture set, with occasional conjugated joints, is
perpendicular to the schistosity and represents the north trending faulting. Both the vertical
fractures are Mode 1 joints of dip-slip faulting. A third joint set, sub horizontal with better-
developed conjugated joints, show the presence of thrust-slip conditions.

Figure 2-38 The Oribi Gorge granite exposure at stop 47 shows a top zone of weathered
granite with prominent vertical joints, a middle fault zone with penctrative brittle flaser fabric,
and a lower zone of poorly jointed and fractured, fresh porphyritic granite.

In the porphyritic granite-gneiss the hanging wall sometimes is well-fractured displaying
nvpical dip-shp conditions while the fault zone separates the hanging wall from the relatve
undeformed footwall (Figure 2-38)

The field appearance of the planar structures indicates that the Mode | joints are the most
abundant and prominent features varying from a joint of a few millimetres to a bnittle zone of
a few meters

2.5.2 Analysis of structural features in the research area

The svstematic relanonships, which exist between planar features, provide a basis for
mterpreting palaco-stress directions 1n rocks deformed millions of years ago. This involves
the separation of the surfaces of the various joint sets and plotung them on stereonets as an
aid 1o deal with the three-dimensional geometrnies of the stress fields

A t1otal of 486 joint planes were measured 1n the study area and are displayed in Figure 2-39,
On the basis of these planes density contours could be drawn and are presented Figure 2-40.
Two density poles at 2/87 and 181/87 display a dominant N-S sinke at a plunge around 87° w0
the east and west. Two minor density poles show a strike of joints towards the west dipping
steeply to the north and a stnke of joints towards the northeast with a dip steeply to the south
The clustering in the centre relates to sub horizontal joint fractures

a" . h' - - a— .-

Figure 2-39 2) A stereonet plot of all the joints measured in the study area.

Figure 2-40 b) Stereonet plot and density distribution of all poles of the fracture planes
measured in the study area.
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Planes dipping between 60° and 45°

Light well-defined clusters of planes dipping between 60° and 45° can be seen in Figure 2-44
These planes can belong to either dip-ship or thrust-slip stress settings. If the opposing clusters
are grouped as a conjugated joint set. the N-S trending fracture has the strongest cluster at
position 265° 35° and a similar cluster a1 156° 34% showing the northeasterly trend. A ven
well defined conjugated fracture set has a NW-SE wrend. The fourth conjugated set is a SW-
N\E fracture se1 with planes with a strike and dip of 206° 43° and 49°/'33°, which is indicative
of the thrust-slip stress setting

Planes dipping between 45° and 16°

The orientations of the thrust-slip fractures are shown in Figure 2-35 where two shightly tilted
conjugated joint sets are indicated. In both these sets the steeper planes dip at nearly 367 and
the shallower planes at 21°. The fractures of one thrust set trends ESE and the second, almost
perpendicular to it, trends towards the NNE

Planes dipping between15° and 0°

Ihe density distribution of the cluster of poles from the planes dipping between 15° and
0"allowes no grouping and shows that the Mode | fractures 10 the thrust-slip stress setting are
just sub horizontal (Figure 2-46). It may be that some of the sub horizomal fractures are
linked 10 erosional pressure release. However, field evidence argues for a compressional
ongin. as the Mode 1 plane may form a narrow deformation zone along with occasional
displacement in the field. It seems that all of these sub horizontal joint fractures are open
features.
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a) Stereonet plot of all fractures dipping steeper than 80°,
b) Sterconct plot of all fractures dipping between 80° and 607,
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Figure 2-43
Figure 2-44

Table 2-4
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Orientation of the strain ellipsoid

Dip-slip setting

Figure 2-47 shows the stereonet plot of the direction of maximum extension (o3) for the dip

slip strain ellipsoid based on the data from Table 2-4. Major extension occurred along an E-W

as well as a nearly N-S axis producing the major faulting directions. Minor concentrations
dicate extension in a SW-NE direction (218%) as well as two sub-extensions in the NW-Si

direction (3047 and 3257) causing the subordinate normal fault sets

Thrust-slip setting

The calculated ol (compressional) values for the thrust-slip settings in Table 2-4 are shown i
Figure 2-48 and are clearly along a SE (128%) and a SW (2247) axis

Strike-slip setting

ional) value of 189773 as well as the intersection hineation (G2 = 2°'353

for the strike-shp setting (Figure 2-49) indicates that the movement was not sub horizontal bu

iclined towards the south with some extension 10 the east
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Falkland Fault Zone causing transpression in the adjacent ¢rust. In the Tanzania™Mozambique
sector the displacement is parallel to the tectonometamorphic fabric of the high-grade
gneisses. However along the eastward extension of the Natal Metamorphic Province the
prominent schistosity and shear zones of the underlyving Kibaran metamorphic rocks were at
an acute angle (15-20%) 10 the antithetic fractures linked to the N\-S displacement along the
Falkland Fracture Zone. The inhermance of these planes causes the N-S shearing to be
replaced by the south-southwest fracture system of the Agulhas Fracture Zone. which resulted
in the breakup of Africa and South America. This behaviour is following the findings of
Handin (1969) who concluded that it is unlikely that a new fracture pattern will develop if one
pattern already exists at an acute angle to the applied siress field. During this transcurrent
movement simple shear conditions prevail leading to arching in the adjacent terrane due 10
fault-bounded uplift. Although the fracture zone and doming were initiated by simple shear
(rotational), all the internal structure development was controlled by pure shear (flanening)

I'he theoretical fracture patterns. which developed in a dextral shear zone. are accompanied
by second order fractures whose orientations are shown schematically in Figure 2-50. These
fractures consist of tension gashes (T), shear zones (P) and shear fractures (R). When the
external conditions cause dilation of the fault zone the P. X, T svstem is activated
preferentially. Under compression the R/R™ svstem is predominamt

When the observed fracture panern is compared with the fault, it is noticeable that the fauli-
bounded uplift of the terrane occurred parallel 1o the synthetic P faults, which trend in a SSW
direction making an acute angle to the present coastline. The related antithetic structures (X),
oniented nearly perpendicular to the coastline. are the best developed close to the coast or
occur as short minor fractures further west. The tension gashes (T) would trend ENE and
make an angle of approximately 43° to the coast. Such faults appear abundant and well
developed in the coastal region.

Where the ENE (T) structures intersects the SW 10 SSW synthetic (P) structures, the gashes
are mosthy truncated and the dip-slip faulting along the gash fracture causes sirike-slip
faulting to occur in the synthetic (P) fault plane. Differential faulting along the (X) and (T)
structures produced a sinuous terrain in which basement and cover sedimentary successions
altemmately are exposed from north to south. The simultancous normal faulting along the
santhetic (P) and (T) fractures causes south and castward directed slumping leading 10 an
imerference of the two dip-slip strain ellipsoids. The gravity slumping produces diagonal
normal faults (mostly parallel 1o the R plane) and WNW-ESE compression (parallel 1o R") in
the distal areas in which the thrust-slip conjugated fractures developed. As the NNE-SSW
compression is perpendicular to the trend of the Agulhas Fracture Zone it is directly related 10
the ranspression occurring with the transform fault system. Comparing the fracture pattern in
Figure 2-30 with the stereographic plots of Figure 2-41 and Figure 2-46, the main directions
follow the (P). (X) and (T) fractures while the R and R’ are subordinate and present in Figure
2-43 and Figure 2-46

I'he most obvious features distinguished in the study are the NNE (P) and ENE (1) trending
fault sets with subordinate NE (R) and NW (X)) trending faults. The intersection of the (P), the
R and the (T) fractures creates the illusional arcuate form. with an castward slumping. of
many of the fauls

From the above investigation the best structures for water are the major N to NNE and ENE
fractures. as they seem to be the open ones. The subordinate NW and NE fractures which are
dipping steeper than =60° may also be good water carriers but the fractures dipping less than
457 are closed due 10 the presence of a thrusting component. The sub horizontal fractures may
also be open but are difficult 10 detect by geophyvsical methods
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Natal Metamorphic Province

2.6 Ground-based Geophysics
2.6.1 Introduction

Since water strikes are relatively deep. applicable geophysical methods for the area need 10
provide information about the subsurface conditions to approximately 100m. Furthermore.
they need 10 be able to locate relatively narrow conductive zones associated with sub vertical
structures. The clectromagnetic instrument chosen was the Max-Min (HLEM), since its
multiple frequencies allow soundings to various depths and its depth penetration is greater
than the EM-34 (Botha et al. 1992). Electrical resistivity soundings were also conducted 10
determine the depth of weathering or fracturing of the bedrock in order 1o identify potential
bedrock comtact aquifers. Additionally. magnetic traverses were used 10 possibly identify
lithological contacts and the location of intrusive dykes or sills.

Geophysical investigations were undertaken at structural features presumed 10 be under
vanious conditions of tensional or compressional strain. as determined from the tectonic
interpretation, strain analysis of field outcrop mapping, and specific structures were identified
by aerial photo and LANDSAT imagery interpretation. Target features included lincaments in
all four major stress directions a1 geological structures such as fault lines, mylonite zones,
dykes. lithological contacts of dipping strata and undifferentiated lineaments. The geophysical
data is summarised in Table 2-% in terms of the geological feature investigated,

A total of 26 electromagnetic traverses. 29 magnetic profiles and 13 resistivity sounding were
carried out throughout the study area. The location and number of each traverse 1s shown in
Figure 2-51. The suncys covered a total distance of 15120 m.

The recorded magnetic data, sounding data and the conductivity responses for all traverses
and stations are presented in Appendix 2-A

I'he results of the geoph) sical ground based surveys were grouped into three main categories.
reflecting responses over fault zones. lineaments and dvke structures. Examples are given
below for each scenario.

Table 2.5 Geophysical survess carried out in the research area
Name Boreh. Lat  Lomg Feature  Geophysics ruverse
| Drilled | direction
AP T3 33 LT 0 0s [SW-RT wriking faeh (Lcmh 1906) Niaz Maim Wk
N2 201339 (310502 [Doleriie &rhe and NNE-SSWoseriing] Mag MasMin Resistivin |SE-NW
lincament
N\ 201208 305 15 ISWAAL strihoeg lincasent Mag. MaxMin NNWSSE
NMPE JGATIET 200808 (3111 18 INWASE stnlng faul crosses 3 SW-NEF]Mag MaxMin Resisan ity JSW-NIT
runnieg 1ash
NMPE JGITISE 2006 55 51 11 4] INE-SW srriking lincassent Mg MasMin Resiszvin [SSWANNE
N\ {2905 10 131 1007 INW.SE strikng lincament Mag MaxMin NE-SW
NMP 2606 11 310843 INW.SE siriking lincamment Mag MaxMin NESW
NMPS 2913 9 30 53 54 |E-W striking lincament Mag ManMin Resissiv ity [SSWANE
NMPMS JG4TI83 2729 13 18 30 3500 JE-W striking Iincament Mag MaxMin Resianivin |S-N
NMP) 293420 30 2526 INNE-SSW saaniking faant Mag ManMin Resssuvin [E-W
NMPL 290406 3051 00 ISWANE striking limcament Mag MM NW-SE
NMPR2 291408 3037 30 IN-S siniking lincament Mag. MM Wl
NMPLS 290800 30103 22 INE-SW seriiing faslt scpasating \ulr\hg MM NS
sandsione and NMP
NAPd 200605 3108 36 JE-W strikmg lincament Mag. MaxMm Resistvm JS-N
NMPISRGATISO 250647 310819 [W-F suiking fault Mag MaxMin Resistivm [SW-NE
NAPle 2608 16 31 08 30 [Three dolerae dvies Mag NS
NPT 2602 30 |31 06 36 INNWASSE sinikimg lincamnent Mag MaMin NE-SW
NMPIS 200427 3105 18 [WSW.ENE  striking  fault. scparatingdMaz. MaxMin NEAW
a2l sandsione and NMP




2.6.2 Fault lines

NMPY4 - NWLSE striking fault line
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Figure 2-51 Stuations of the geophysical surveys carried out throughout the study area
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Electromagnetic survey

The Max-Min was operated a1 4 frequencies. ranging from 220 10 14080Hz while the coil
separation was set to 100m. A staation spacing of 20m was sclected. The results of the
electromagnetic and magnetic data are shown in figure 2-38

No anomaly in the electromagnetic data could be detected. although the borchole sited on this
traverse proved 10 be the highest yvielding borehole drilled (Table 2-6). A sicady increase in
response amplitude for the in-phase and out-of phase from the SW to the NF is recorded. The
first 160m of the electromagnetic traverse are characterised by a negative omt-of phase
component and a low response amplitude in the in-phase throughout all frequencies.
indicating a conductive weathered zone. From 160m onwards. the in-phase and the quadrature
component increase in response amplitude testifving a decrease in the subsurface
conductivity.,

e borchole was sited at 160 m, at the edge of the conductive weathered zone. where the
fault was suspected 10 be based on geological observations

3110

o
. .“".’i.lf 7 £
2907 -
| =
Figure 2-53 Locality of site N\MP15

Magnetic survey
The magnetic data is meonclusive for the entire traverse,

Resistivity survey
A resistivity sounding was carried out at 160m on the geophysical traverses, at the contact

between the higher and lower conductive zones. The data is presented in Figure 2-5
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Magnetic surves

ne magnetic data with an phit de changes of only 40 nT remains inconclusive

NMP27 — NE-SW striking mvlonite zone
Site description

\n clectromagnetic and magnetic sunvey plus a resistivien

v

INGINE were carmed out at statios

NMP27 1o investigate the geophyvsical response of a suspected fault zone striking NE-SW

Figure 33). Wilhams-Jones (1968) mapped the fe

reas amyionne zone of >.OKm i¢

and 40m width. An abrupt change from solid bedrock into 2 wide-open weathered zone marks

Figure 2-55 Location of station N\MP2”™

Electromagnetic survey

The Max-Min was operated a1 4 frequencies, ranging from 220 1o 14080 Hz while the coil
cparation was set 10 [00m, A station spacing of 20m was The results of the

electromagnetic data are shown in figure 2-60

Ihe response of the Max-Min out-of-phase component over the contact zone betwee

hered zone and solhd bedrock changes from negative 10 a positive response

cauencies. mdicaung a decrease in conductivity from the mylonite zone towards the soh

bedrock. The in-phase response is inconclusive. Boreholes were sited at 100 m and 140

Magnetic survey

I'he magnetic survey was conducted over the mylonite zone from the S to the N using a

tation spacing of 20m. The magnetic data are shown in figure 2-60
: . ; .
Ihe magnetic data also reflects the Iithological change between 190m and 210m with a
nct change in response amplitude. The total field intensity increases by about 200nT fi

28450 10 2864007
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2.6.3 Lincaments

A total of 21 lineaments were investigated covering all major stress directions as
distinguished from structural analyses. Lincaments were identified through the enhancement
of satellite and aerial photography images.

NMP 2 — NNE-SSW striking lincament

Site description

A NNE-SSW running lineament delineated on acrial photographs and a nearby dyke structure
were investigated with magnetic and electromagnetic surveys. To try and determine the depth
to bedrock a resistivity sounding was carried out. The lineament is characterised in the field
by a depression in the wpography and forms part of a riverbed, whereas the dyke is
outcropping at several locations to the north of the depression (Figure 2-62). The surveys
were carried out perpendicular to the feature from the SE 1o the NW.

Electromagnetic survey

The Max-Min was operated at 4 frequencies. ranging from 220 Hz 10 14080 Hz while the coil
scparation was set 1o 100m. A station spacing of 10m was selected. The magnetic and
¢lectromagnetic data are shown in figure 2-66.

I'he electromagnetic data generates a typical wrough-like discontinuity over the traverse. This
broad negative anomaly is recorded in the in-phase and out-of phase for all frequencies and
suggests a thickening of the conductive overburden. An increase in the in-phase and out-of
phase components from 150m onwards indicates a decrease in the thickness of the weathered
zone overlying unweathered bedrock

Magnetic survey

The magnetic profile conducted over the lincament and a nearby dolerite dyke shows a steady
decrease in the 1otal magnetic field intensity from south 10 north for the first 150m of the
traverse, indicating a gradual lithological change from amphibolites outcropping in the south
of the traverse to gneisses in the north. At 150m, where the electromagnetic response shows a
distinct change in the weathered overburden thickness, an increase in the 1otal magnetic field
intensity of 270nT suggests a further change in the lithology, however, the magnetic data for
the following 180m of the traverse is inconclusive. No magnetic response is obtained over the
dike structure at 230m of the traverse. suggesting that the gneissic host rock and the dyke
inself do not differ greatly in their magnetic signature.

Resistivity sounding

A resistivity sounding was carried out at the locality of 83m of the geophysical traverses with
the direction of AB expansion perpendicular 10 the strike of the lincament. due to
topographical constraints. The results of the resistivity sounding are shown in Figure 2-67.
Visual analysis of the sounding curve indicates that it is a three layer H-tyvpe curve with
p1>p2<p3. By curve matching using the master curve H13, the following values for the three
lavers are determined.

Thickness (m) Resistivity (Q2m)
Laver | 34 240
Laver 2 544 60
Layer 3 T resistive bedrock
2-52
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Resistivity sounding
A resistivity sounding was carried out at distance 280m of the clectromagnetic and magnetic
traverse, at the northern edge of the trough-hike clectromagnetic anomaly
AB expansion paralleled the geophysical raverses. The sounding curve i
2.6

I'he direction of
s shown in Figure

The sounding curve represents a three lavered earth case of the A-tvpe with pl< p2 < p3. By
fitting the field curve 10 the master curve AS the following values for the three lavers could be

determined

Thickness (m) Resistivity (02m)
Laver | P 27
Laver2 32 132
Laver 3 s resistive bedrock

The sounding data shows a thick weathered overburden of 34m for the site, whereas the low
resistivity suggests a weathered zone aquifer of high conductivity. The borehole dnilled on the
site confirmed this by vielding 4 /s at 18-25 m, with a total dissolved solids contemt of 1600
mg/l.

NMPS ~ E-W striking lincament

Site description

A roughly E-W striking lincament identified on aenial photographs and LANDSAT imagen
was investigated with an electromagnetic and magnetic survey and a resistivity sounding

(Figure 2-63). The survers were conducted in a 90° angle to the feature from south 10 north

|
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Figure 2-63 Position of site NMPS, NMP9 and NMPLD




1gneiie sumey

Magnetic sur ey

Resisuvity sounding

NSMPY - E-W striking lincament .

Site dese ription

Flectromagnetic sur ey




Chapter 2 — Natal Metamorphic Province

Magnetic survey
A magnetic surve} was carried out over the lineament with a station spacing of 10m. The data
s shown in Figure 2-71

['he magnetic data stavs inconclusive for the first 170m of the traverse. Thereafier a distinct
rise in response amplitude at the 190m locality indicates a change in the subsurface lithology
supporting the clectromagnetic data

Resistivity sounding

A resistivity sounding was carried out at 80m along the profile. at the southern flank of the
trough-like anomaly of the electromagnetic traverse. Visual analvsis of the sounding curve
(Figure 2-70) indicates that 1t 15 a four layer curve H-A type curve with pl > p2 <p3 < p4
Constant p values at short AB spacings indicate a resistivity of < 100 Qm for the first three
lavers, Below 10m resistive bedrock 15 encountered, indicating a shallow overburden

NMP 24 - N-S striking lincament

Site description

The site represents a N-S striking lineament that was observed on LANDSAT imagery as well
as on aerial photographs (Figure 2-64). Magnetic and clectromagnetic surveys were
conducted perpendicular to the feature from the ENE to the WSW.
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Figure 2-64 Position of site NMP24

Electromagnetic surey
The Max-Min response was recorded at 4 frequencies. ranging from 220 Hz 10 12080 Hz
while the coil separation was set 10 100m. A station spacing of 20m was selected. Results are

)

shown in Figure 2-72.

For all frequencies a trough-like anomaly is recorded, flanked by two positive shoulders,
predominantly in the out-of phase component for the centre of the valiey. At 14080 Hz the
quadrature component looses its significance while the in-phase shows the anomaly more
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NMP6 = NE dipping dyke like structure and NW-SE striking lineament
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conductive overburden. From 360m onwards a general in¢rease in the in-phase and out-of
phase components indicates a decrease in the thickness of the conductive overburden

Magnetic survey

I'he magnetic data generates a well-defined anomaly NE of the Max-Min anomaly, which was
not detected by the Max-Min. The shape of the anomaly indicates a dy ke-like structure,
dipping at about 30° 10 the NE. The 101l magnetic field intensity anomaly with a nvpical
dipolar negative in the south and an increase in the north of the structure indicates a normal
magnetization

NMP19 - NE dipping dy ke like structure

Site description

The imersection of @ NW-SE and a NE-SW siriking linecament was investigated at site
NMP19 with an electromagnetic and magnetic survey (Figure 2-76). The survess were carried
out from the NE 1o the SW
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Figure 2-76 Position of site NMP19

Electromagnetic survey

The Max-Min was operated at 4 frequencies, ranging from 220Hz to 14080Hz while the coil
separation was set to 100m. A station spacing of 10m for the Max-Min survey and the
magnetic survey was selected. The results are shown in Figure 2-79.

The electromagnetic response depicts three peaks in the in-phase with the centre peak also
repeated on the out-of-phase. However, the anomalies are of small scale and two of the three
cases represent only one-point anomalies and may not be related 10 significant structural

{eatures
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Magnetic survey
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Conclusion

Dyvhe structures were located by agnetics but were proved to be of ited extent. with
! thichnesses of only a few meters (Figure 2-77). Dyvke structures were detectabie
v by magnetics and left no impact on the cleciromagnetic profile of the subsurface

Suprisingly. the lack of electromagnetic signature would indicate a low water beanng
tential. This is confirmed by boreholes G47131 and G47132, both of which intersected and

drilled through dolerite below the regional water level without intersecting water. This may be

due to the N'W orientation of the dyvkes. an onientation presumed to be compressional

Figure 2-77 Dolerite dyke intruded into gneiss
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Distribution of dykes in the study arca
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Figure 2-81 Position of borehole G47151 and G47152 on site NMP27

Geological description

Borehole G47151 was drilled into the Oribi Gorge Granite. From 0 1o 10m, weathered
overburden was encountered. consisting of clay. sand and weathered granite. Subsequently
the borehole was cased 10 11.62m using 165 x 4.5mm steel casing. A Sm thick transition zone
between granite and gneiss followed. Reddish-black partly fractured gneiss continued down
to 56m, with penetration rates varving between 2.5 and Smin/m. At 35.5m the first water
strike was encountered. producing a vield of 0.51's. With a sharp increase in penetration rates.
a black dolerite intrusion was encountered at S6m. The contact is only slightly weathered, and
no water strike was encountered. From 64m to the final depth of the hole the geology consists
of partly fractured gneiss. A small fracture zone at 76m resulted in a second water strike of
0.37Vs. bringing the total yvield of the borehole to 0.871's. The borehole was developed for
30min by airlift.

The penetration of gneiss below the granite suggests that the intrusion is a mushroom shaped
diapir, an interpretation further confirmed by the presence of augen gneiss nearby ( Thomas,
1988). The presence of mylonitic augen gneiss confirms that the boreholes tap a post
emplacement ductile shear zone.

The first 13m of borehole G47152 consists of weathered granite and gneiss and consequently,
the borehole was cased 10 a depth of 17.70m using 4 Smm steel casing. Fresh gneiss followed
to 36m. A 2.5m zone of weathered gneiss preceded a weathered dolerite intrusion of 7.8m
thickness encountered at 38.5m depth. A cross-section between borehole G47151 and G47152
indicates that the dolerite intrusion dips with 22° 1o the south. However, as in borehole
GA47151, no water strike occurred at the upper or lower contact of the intrusion, despite the
fact that the intrusion is situated below the rest water level. From 6.3 10 the final depth of the
hole at 102m. gneiss bedrock was encountered. with occasional calcite filled fractures. These
fractures were the source of the first two minor water strikes at 39 and 64m depth. A third
water strike was encountered when a large fracture zone was penctrated at 92 m. This strike
vielded 3.7/'s bringing the total blow yvield of the borehole 10 4/'s. The borehole was
developed for 30 min by airlift.
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Figure 2-83 Location of borehole G47154 and G47158 on site NMPY

Geological description

Borehole G47154 was dnlled into the Quha Formation. Deeply weathered bedrock was
encountered. The geology consists of highly weathered gneiss interlavering with weathered
amphibolites 1o a depth of 49m. At the contact between the weathered and unweathered
bedrock a water strike with a vield of 3.31's was encountered. Interlayered bedding of
gneisses and amphibolites were encountered up 10 the final depth of the borehole of 84m
Varving penetration rates characterise the amphibolite as the slightly softer and the gneisses
as the harder rock type. No water strikes were encountered at these lithological contacts,

Borehole G47155 on site NMP9Y

Borehole site

Borehole G47155 was drilled 10 investigate an E-W stnking lincament. which intersects the
N-S running fault described above (Figure 2-83). The lincament is characterised in the field
by a distinct depression in the 1opography. Borehole G47155 was drilled at the 80m locality
of the clectromagnetic traverse, at the southern flank of a trough-like anomaly, which is
indicating the thickening of the conductive overburden

Geological description

Borehole G47133 was drilled into the Quha Formation (Nbi) and showed a deep weathering
profile similar to borehole G47154. Alternating weathered gneiss, granite and amphibolites
were penetrated up to 61m, consequently the borehole had 10 be cased down to a depth of
59.4m using 4 5mm steel casing. A water strike was encountered at 64.2m, at the contact
between the weathered and unw eathered bedrock. producing a vield of 0.81's. Until the end of
the borehole at 96m, interlavered bedding of gneiss. granite and amphibolite was encountered
A small scale fracture zone produced a second water strike at 72.5m with a vield of 01715,
giving a final blow vield for borehole G47155 of 1.01's. The borehole was developed for
30min by airlift. As observed in borehole G47154 lithological contacts did not produce any
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Geological description

Borchole G47157 penetrates through 9m of weathered overburden until, with a sharp increase
in penetration rate, solid bedrock was encountered. confirming the resistivity sounding data
Until the final depth of 102m the borehole penetrates through panly fractured gneiss rock
with varving contents of pyrite. At a depth of 50m. the penetration rate increases considerably
and it may be suspected that a fracture zone or a fault was encountered. Either because of the
high altitude of borehole G47157 or because of the fact that the NW-SE orientation is not
extensional in nature. no water strike was encountered. The borehole was backfilled.

Borehole G47158 on site NMPS

Borehole site

A prominent large-scale NE-SW striking lincamemt was the target for borehole G47158
(Figure 2-85). Electromagnetic and resistivity data indicated a thick weathered overburden at
the site. The borehole was drilled at 280m locality on the geophysical traverses on the basis of
the electromagnetic and resistivity data

Figure 2-85 Position of borehole G47157 and G47158 on site NMP4 and NMPS respectively

Geological description

According to the Durban 1:250000 geological map. borehole G47158 is drilled into the Oribi
Gorge granites. However. the log shows a weathered gneiss profile reaching down 1o 24dm. At
1 7.9m. within the weathered zone. the first water strike occurred. The yield increased steadily
up 10 a depth of 20.6m and the final blow vield of G47158 was measured as 4l's. The
borchole was cased to a depth of 23.46m using 4.5mm steel casing. with the bottom "m being
slotted

At 24m the lithology changes from weathered gneiss 1o unweathered amphibolite bedrock and
a sharp increase in penetration rate is observed. At 52m the borehole penetrates through
gneiss characterised by slightly faster penetration. From a depth of 64 10 the final depth of
84m solid amphibolite was encountered. No further water strikes were observed a1 the
lithological contacts between gneiss and amphibolite.

]
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all existing fracture systems. The four highest yielding boreholes are associated entirely with
regional scale structural features, which suggests that a strong correlation exists between vield
and lincament or fault length.

In conclusion. the drilling results suggest that the highest yielding boreholes in the Natal
Metamorphic Province are associated with extensional structural features of regional scale.
which are often associated with particularly deep weathering profiles. However. the structural
control of groundwater occurrence can be overwriticn by the local morphology. At high
alutude boreholes can prove to be unsuccessful even though drilled into a favourable
structural feature. if the hole intersects the feature above the local static water level.

28  Test Pumping

A constant discharge test was carried out on all of the newly drilled boreholes in order 1o
characterise hydraulic properties of the penctrated lithologies, to assist with developing a
conceptual model of aquifers, and to determine sustainable borehole vields. The test pumping
and recovery data are presented in Appendix 2-C.

Pump test G47151
Borehole G47151 had two water strikes at a depth of 35.5m (0.51's) and at a depth of 76m
(0.371s). The final blow vield was measured as 0.91's and the rest water level of the hole is

12.27m below surface. giving an available drawdown of 23 m. The pump was sct at 78m
below surface during the test. Borehole G47151 was then pumped at a rate of 11's for 12h.

The drawdown curve shows a linear decline on the semi-log drawdown curve and an
approximately horizontal line on the derivative curve throughout the 12h-discharge test.
reflecting radial flow conditions. At 12.5-15, 17-18m and 19-22m steps in the semi-log
drawdown and humps in the derivative curve indicate a dewatering of small fracture
networks, yet the derivative cunve indicates that no boundaries are encountered. This suggests
that the aquifer consists of a network or hierarchy of fractures. Since drawdown continues at a
line of equal slope after cach step. the fracture networks are of relatively uniform
permeability. Afier about 8 h of pumping drawdown intercepts the main fracture zone at a
depth of 35m. For the remaining 4h of the discharge test. the water level stabilises as
dewatering occurs. However, as drawdown has reached already the main water strike, it can
be expected that boundary conditions would be encountered if pumping continues.
Consequently. the boundany conditions are taken as the point of dewatering of the first water
bearing fracture and this point 1s considered equivalent to a single barrier boundary.

The recovery of borehole G47151 was monitored for 12h. The data shows that after 180min
since pumping was stopped. the recovering of the water level slows down, probably due 1o the
rewatering of microfractures. After 12h, where the recovery time for the borehole is equal to
the preceding pumping time. the water level has recovered to within 1.57m below the original
rest water level. The incomplete recovery indicates a limited storage or extent of the aquifer
No evidence of leakage from an overlying weathered zone is noted, hence storage is lmited.
For this reason, a hydrogeologist must be conservative when recommending a yield for this
hole.

Calculated transmissivity values are presented in Table 2-7. The transmissivity, calculated on
the basis of the early time data represents a mean fracture transmissivity (T1), valid for the
period before the main water strike 15 dewatered. A late transmissivity value cannot be
measured as no barrier boundary is encountered within the pumping time of 12h. However, as
the two water strikes are approximately equal. it was assumed that each water strike has a T
value of approximately 1 m*/d. Hence late T is estimated at 1 m*/d.

--80
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Table 2-8 Recommended borehole vields for G4T15)

Table 2-9 Critical parameters for sustainable vield estimation
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At 8 m of drawdown a dip is seen in the semi-log plot and the derivative curve. This can be
attributed 10 the water level reaching the bottom of the casing. which results in the dewatering
of the weathered zone, where a temporary water bearing horizon was created by upwelling
water when the confining hard rock layers were penetrated by the borehole. Thereafier. the
aquifer exhibits similar characteristics as G47151, namely a series of steps in the semi-log
drawdown or humps on the denvative curve. Consequently, the drawdown data reflects the
drainage of a homogenous network of fractures.,

For the duration of the pumping test no effects of low permeability boundaries can be noted.
however. the aquifer was only tested to a drawdown of 20 m. Consequently. it was assumed
that boundary effects would only occur at 48 m, the drawdown at which the first water strike
is encountered. This assumption is based on the previous pumping test. where no boundan
condition was encountered until the water strike. This assumption may result in the
underestimation of sustainable yield since this first water strike is only a minor one.

The recovery of the borehole was monitored for 12h. The semi-log time-residual drawdown
curve follows a straight line indicating a constant recovery of the water table. At 12 h of
recovery, t1° = 2, a residual drawdown of 1.65m remains. The low storativity of the fracture
networks, the lack of observed leakage from an overlying weathered aquifer and the
mcomplete recovery suggests that yield estimates should be conservative.

Calculated transmissivity values are presemted in Table 2-10. The transmissivity was
calculated on the basis of the entire drawdown curve, hence it represents a mean fracture
transmissivity. A late transmissivity value cannot be obtained as no barrier boundary is
encountered within the pumping time of 12h. The sustainable vield calculated on the basis of
the various methods is shown in Table 2-11. The various parameters for each of these
methods are listed in Table 2-9.

Table 2-10 Transmissivity values for G47152
__C‘ .Sf N || B l tenring 'I‘ﬁdl : Ylmnm_.l_lnrq'
‘ iy i
Table 2-11 Recommended borehole vields for G47152
 Method — e W4
Flow charactersstic 132
[ Recovery 17
Drawdown to boundary - 14
_:h& l)r_n.\\:diu- _ 135

The discharge test shows that the transmissiv ities of the high vielding borehole G47142 are in
the same order as G47151. Hence, the high blow vield cannot be explained by higher fracture
permeability . It is more likely that the 1apped fracture networks are under more confining
pressure, due 10 the significant]y deeper water strike at 922 m

I'he sustainable vields for borehole G27152 is probably 115-130 m"/d. The recovers method
gives a low vield since 1t extrapolation is only 1.15 and it may be affected by the rewatering
of the weathered zone by upwelling water. The FC method predicts 132 m' d, which may be
100 high since no late T value could be established

Pump test G47153
Borehole G471353 showed two water strikes at 60.8m (1.111's) and 73 4m depth (0.691's). The
final blow vield was measured as 1.81's. The rest water level is at 30.7 m, giving an available
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The semi-log drawdown and derivative curves indicate that radial flow towards the borchole
occurred in the first 12 min of the 1est. Subsequently, leakage from the overlving weathered
confining layer occurs and the rate of drawdown decreases. By 40-min pseudo steady state
conditions begin 10 appear and are characterised by the derivative cunve having a slope of =1,
Drawdown stabilises at 12.]1 m towards the end of the test. These two inflection points
correspond 10 a depth of water level of 16.9 and 18.9m respectively. The geological log of
borehole G47154 indicates that these inflection points correspond 10 lithological changes in
the bedrock. At 16m (approximately 9 m of drawdown) the gneiss becomes highly weathered,
therefore. the storativity is expected 1o be higher. Once the water level drops to this level this
zone begins to dewater and a transition in hydraulic behaviour occurs. The response of the
water level 1o the release of water from storage is no longer controlled by the confined
storativity but by the unconfined specific yield related 10 the dewatering of the pore volume
This results in the release of a greater volume of water per unit drop in water level and a
decline in the rate of drawdown. At 19m depth the gneiss changes into highly weathered
amphibolite. which is expected to have an even higher specific vield. hence the rate of
drawdown declines further. The rate of drawdown would increase once these weathered
horizons have been dewatered. For this reason, it can be expected that boundary conditions
would occur at 51 m (44 m of drawdown). the point at which the water level drops below the
overlving weathered zone

The recovery data for borehole G47154 indicates that leakage occurred from overlyving
formations while the borehole recovered. At vt = 2.4 the water level had recovered 10 its
original pre-pumping level.

The transmissivities given in Table 2-14 are calculated on the basis of the recovery data and
the early time drawdown data. before the effects of leakage were encountered. The
recommended borehole vields calculated on the various methods are listed in Table 2-15.

Table 2-14 Transmissivity valoes for G47154
GAT18 I R P ] p—
37 5.5 |
Table 2-15 Recommended borehole vields for G47154
“Nethod  md N 1
ae T 116 ]
" Recovery | 6 - .
“Drawdown to boundars 110
“Flow charactersste 3%
"Nax. Drawdown 140

The recommended borehole vield varies from 76-233m’/d. The 110 m'/d estimate from the
drawdown to boundann method 15 considered 10 be conservative as 1t i1s based only on
transmissivity and a presumed boundary effect while ignoring the effects of leakage. The flow
characteristic method estimates a sustainable vield of 233 m’/d. which is 100 high since it is
based on an F2 value of 0.5 due 10 the leakage from the weathered zone, In this case it does
not consider the extent of storage. If leakage 1s ignored and a single barrier boundary is
assumed. giving an F2 of 2. the FC method would generate a vield of 91 m'/d

Pump test G47155

Borehole G471353 is characterised by a 64m deecp weathered overburden. At the contact
between the weathered overburden and bedrock the main water strike of 0.83 I's is
encountered. A second water strike is encountered at a depth of 72.5m, where fractured gneiss
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3.15m below surface. giving an available drawdown of 68m. The pump was lowered down 10
78$m and the borehole pumped at a rate of 1.31's for 12h. It recovered within 2 hours.

The first water strike is cased off and drill cutting provide the annular fill. Flow 1o the
borehole consists of downward leakage from the weathered zone into the underlyving less
weathered granite, from where it can subsequently enter the hole. For this reason. the early
time data reflects the transmissivity not of the water bearing horizon but of the underlving
granite and the rate at which water can leak into this horizon. The result is a flat semi-log
drawdown cune characteristic of leakage. As the weathered aquifer in the immediate vicinity
of the borehole begins to dewater. the rate of drawdown increases. At about 6.8 m of
drawdown the water level is below the water sirike and the weathered quanzite and granite
horizon. and a transition to unconfined conditions begins. The dewatering of this upper
aquifer results in a Nattening of the drawdown curve. It is also marked by a small peak in the
derivative curve when the water strike i1s encountered, followed by a subsequent trough. Once
this zone is dewatered. the water level drops immediately to 10m and the rate of drawdown
mcreases sharply. This suggests that the main aquifer is the weathered granite zone shown on
the drilling log. which extends from 5.15 m to about 15m depth. and that water bearing
fractures are steeply dipping and collect water from the overlying saturated weathered zone
Once the weathered zone above the intercepted fracture network is dewatered the upper
aquifer ceases to contribute water and a dramatic decline in yield is experienced. The
dewatering of the upper aquifer can be considered as a closed boundary effect, hence an F2
value of 5 was selected. The subsequent data reflects the hydraulic properties of the less
permeable deeper water strikes. The thickness of the weathered aquifer (10m) therefore
denotes the drawdown depth of the onset of boundary conditions.

The residual drawdown-time relationship of recovery is not log-linear. reflecting a slow
recovery of the water bearing fracture zone for the first few minutes. This can be attributed 10
the slow lateral recharge of the fractured zone. which occurs before vertical recharge of
fractures from the dewatered weathered zone. Thereafier, once the weathered zone recovers,
vertical leakage from the weathered overburden increases the rate of recovery of the borehole.
The rate of recovery decreases once more when the water level reaches about 5 m of residual
drawdown, This can be atnibuted 1o a change in storativity conditions due 10 the rewatering
of the more porous weathered zone. The rest water level is reached within 2h-recovery time.
at t'1" = 7. confirming that significant vertical recharge of the water-bearing horizon has
occurred

The transmissivities for borehole G47156 are calculated on the basis of the early and late time
drawdown curve and on the recovery data and are presented in Table 2-18. The borehole
vields estimated from the various methods and are shown in Table 2-19.

Table 2-18 Recommended borehole vield for G47156
Z“.m o ’TM” |'.:il ‘n.m F'dl 'uuowulmtqi
S 1 43 03 ' B - T

Table 2-19 Recommended borehole vields for G47156

Method m'd
“Lae T - - '—” 18 - |
Recovery 96
“Drawdown to boundars 26 |
Distance-to-boundary 26 |
 Flow characteristic I 17 |
_\l;\._l)rln_dona N
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The calculated sustainable vields fall within a range of 15-96m’/d. The late T and Flow
Characteristic methods appear overly conservative since they are directly related to the low
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The transmissivity value of borchole G47158 is significantly higher than those from the
previously examined boreholes. This is due to the fact that the aquifer consists of a 3m thick
fracture zone that responds in a radial manner.

The drawdown-to-boundann method calculates a sustainable vield of 84m’/d. which is
regarded as being 100 conservative since it ignores the cffccts of leakage. The recoven
method generates a recommended borehole \leld of 117m"/d. which suggests that the vield
estimate need not be overly conservative. The Flow Characteristic methods were apphcd by
assuming a late T value equivalent 10 the carly T, hence assuming no permeability boundary
conditions until the borehole would fail due 10 dewatering of the water bearing fracture zone.
An F2 of 1.5 was applied in order 10 account for the dewatering effects encountered during
leakage

Pump test G47159

Borehole G47159 had a water strike at 62.4m with an associated blow yield of 6.6 I's.
Consequently, it is potentially the highest yielding borehole in the region. The rest water level
was measured at 6.38m below surface, giving an available drawdown of 56 m. The pump was
lowered to 70m and the borehole was tested at 1.51's. Due to technical problems the discharge
test had to be terminated after 2.5h. Within this short period. the semi-log drawdown curve is
log-lincar reflecting radial flow 1o the borehole. No barrier boundany was encountered during
the limited duration of the test, however, the derivative curve suggests that some leakage may
be occurring in the first few minutes of the test and towards the end of the test. Since the rest
water level is in only shightly weathered rock, leakage must be conceptualised as a network of
small vertical fractures feeding a main sub-honzontal water bearing fracture.

The recovery was monitored for S0min, a 11" of 4. At that stage the water level had recovered
10 0.03 m below the water level prior to pumping. This confirms that vertical leakage to the
fracture has occurred.

The transmissivities calculated from the recovery and early drawdown data are presented in
Table 2-22. No estimates of sustainable vield can be made due to the short duration of the
test. However, if it is assumed that boundany conditions would be encountered at 19m of
drawdown, where the water level reaches unvualhcrcd gneiss, the drawdown-to-boundary
method would calculate a vield of 277m’/d. which ignores the effects of leakage. By
assuming an F2 of 6. imphving closed boundary conditions within 100 ‘m of the borehole and
ignoring leakage. the flow characteristic method would estimate 326 m'/d. This discharge rate
is approximately 56% of the blow yield. Hence it can be assumed that the sustainable yield
must be in the vicinity of 300 m'/d.

Table 2.22 Transmissivities for borehole G471589
G P Ve, (md) | J—
{ o "* 3 - 210

Conclusion

Table 2-23 summarises the results of the eight discharge tests in terms of calculated
transmissivities, blow vield, sustainable yield and pressure head.

I'he discharge tests indicate that at least & types of aquifers occur: networks of uniform
fractures, sub-vertical fractures with or without leaky weathered overburdens, bedrock
contacts with a leaky overburden, and leaky deep seated horizontal fractures. All these aquifer
tvpes can have high sustainable vields (>2 Is for 12 h/d), except for the vertical fracture type.
The lamer, whether associated with a leaky confining layver or not, is limited in terms of
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explontation potential due 1o the fractures being finite and presence of low permeability

Doundaries. which were encountered caris  gurnng the pumping test The highest
N lies are associated w rizontal fracture aquifer
Table 2-23 Results of the eight discharge tests
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All the aquifer tvpes are confined in character and respond to abstraction in

1 & discontinuous
fashion due 10 the finite nature of the fraciures or, where a thick weathered overburder
encountered. due to leakage that leads to partly steady-state conditions during pumping. Higl
¢lds are generally derived from aquiters overlain by a thick weathered overburden
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2.9  Down-the-hole Geophysics

Five of the nine newly drilled borcholes were logged using apparent resisitivity and self-
potential probes to determine the formation composition in terms of lithology. permeability
and elecincal conductivity.

G415

Ihe resistivity log for borehole G4715] indicates an average apparent resistivity of 350-
3600m for the gneiss bedrock. This high resistivity interval indicates that the rock has nearly
no porosity. or at least no connected porosity. Fracture zones can be identified at depths of
24m. 28-31m and 35 10 38m and are characterised by low resistivity values, These correspond
10 the fracture zones identified by the test pumping analysis. The latter zone (35-38m) equates
10 the first water strike with a 0.51's vield. The dolerite intrusion is reflected in the log by
generally lower resistivity values between a depth of 56 1o 64m. Even lower values are
recorded for the weathered gneiss above the dolerite. probably due 10 an increase in the clay
content

G47182

The first 18m of the electrical log of borehole G47152 are influenced by the casing. The water
level at 11.3m is clearly detectable due to the very poor electrical conductivity of the dny
formation above 11.3m and the reduction in resistivity with saturation of the formation below
11.3m. The average apparent resistivity for the gneiss bedrock varies between 305 and 320
Om. This high resistivity interval indicates. that the rock formation is neither aliered nor
fractured. Slight reductions in resistivity can be obsenved from 20-22m. 34m-40m. 46m-53m
and 73m-78m, and are most likely zones of fracturing and/or weathering with an associated
increase in clays with bound water. A faster drilling penetration is recorded in these zones,
which would support this assumption. The zones from 34-40m and 46-33m reflect weathered
gneiss rock at the lower and upper contact of the dolerite intrusion. The dolerite intrusion
itself is characterised by slow penetration and slightly lower resistivity, but as the dolerite
rock has a composition cognate 1o gneiss. the log responses are similar. However, the
resistivity log indicates that the resistivity of fracture zones is only slightly lower than that of
the host rock, implying that the fractures are small and probably not interconnected.

A large anomaly can be observed between 91m and 94m, with a decrease in resistivity of
about 10002m, indicating a wide open fracture zone. This forms the major water strike of
borehole G47152 with a yield of 3.71's

Ihe SP log adds little to the interpretation as the formation has little shale or clay and
therefore a baseline does not occur on the log

(47153
The SP and resistiv ity logs for borehole G471353 are disturbed in the first 35.5m due to casing
The water level is clearly detectable with an increase in conductivity at 30.7m where the
formation becomes saturated. Until 38m depth, the resistivity log indicates conductive rocks,
probably due to the deep weathering profile associated with clays with bound water. Up to a
epth of 65m, the average resistivity of the amphibolite bedrock is 3650Qm, Three distinct
conductivity peaks are observed at 42-45m, 51-54m and 61-65m. The latter zone shows the
most prominent conductivity peak and is associated with a fracture zone and the major water
strike of the borehole. The SP log correlates with the resistivity curve, which shows
deflections towards higher electrical potentials, indicating the presence of water bearing
horizons. All three zones are expressed as slight bumps in the derivative of drawdown, which
are indicative of small water bearing zones
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Oner the last quarter of the borehole. higher resistivity values and lower electrical potentials
are recorded. indicating an average apparent resistivity of 38000m for the solid amphibolite
bedroch. The distinct shift 15 either associated with less fracturing of the bedrock or alteration
in the conductive mineral content. such as pyrite or magnetite, within the amphibolite

G47154

Lp to the depth of 49m, the casing in borehole G47154 influences the electrical logs. The
remaining part of the resistivity log is charactenised by resistivity changes, correlating well
with lithological changes in the bedrock. Portions of relatively high resistivity correspond 10
gneiss bedrock. whereas an increase in conductivity is observed for amphibolite layers. The
difference in conductivity can be explained by either a higher degree of weathering fracturing
w & higher content of magnetite as a conductin e mineral in the amphibolites compared to the
gneiss bedrock. As the penetration rate does not vany significantly between gneiss and
amphibolite layers, the latter assumption is more likely. Additionally, the resistiviry is
generally very high. indicating that the metamorphic bedrock is not altered or fr

onls 10 a very slight degree

ractured or

G4715%6

The first 12m of the electrical logs of borehole G47156 are disturbed by casing. but the water
level at 5.1m is clearly detectable with a sharp increase in conductivity, From |4m to 18m the
resistivity of the bedrock is relatively low, with two main peaks of conductive rock at 14m
and 17m. This correlates with steps in the derivative of drawdown cunve at about 9 and 12 m
of drawdown. indicating water bearing horizons and subsequent boundany conditions once the
water bearing horizons are dewatered. Below 18m solid bedrock is encountered and a high
average apparent resistivity of S000m reflects solid granitic bedrock. which has not been
altered or fractured. Slightly lower resistivities are observed between 24m and 36m, 28m and
31m and at T3m, reflecting fractured bedrock zones. Only the latter two equate to identifiable
water bearing honzons

A small zone between 33m and 56m exhibits a high content of biotite, which lowers the
resistivity due 1o its conductive properties. A further increase in conductivity can be observed
from 82m until 100m. accompanied by faster penetration. This leads to the assumption that a
zone of weaker. more fractured bedrock is encountered. Additionally. variations in parite
content are observed throughout the borehole. mnfluencing the distribution of conductive
peaks

In conclusion. the resistivity logs show that water strikes in the area are associated either with
the contact zone between weathered and unweathered bedrock or fracture zones. The size of
the anomaly on the resistivity log is directly related to the vield associated with the fracture
zone and reflects if fractures are open or ciosed. connected or interconnected and their
potential size. Resistivity anomalies also agree and validate fracture zones idemified during
test pumping. Changes in the lithology are mostly reflected in the resistivity profile. even
though gneiss has a composition similar to granite and therefore the responses can be quite
similar. In general. the SP logs add little 10 the interpretation in this area. as the formations
contain hittle shale or clay and therefore a basele does not occur on the log

210 Evaluation of Climatic and Runoff data

Rainfall data for the study arca was obtained from the Computing Centre for Water Research
(CCWR) Data for the following rainfall stations are available between 30 43
2900 - 2930 S (Table 2-23).

ISE and
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Table 2-2 Available data from rainfall stations in the study area
Station Station Name Elev. Start End Years Lat Long MAP
number
270481 A WALDECKE, “140 1878 1801 12 280 3047 788
HERMANNSBU
27072 W SALEM 1080 1932 1847 12 2901 30488 708 6
270722 W GLENELAND 1050 1832 1967 7 2902 3056 653 8
270753 W ELANDSKOP 1086 181E 1842 1 2903 3048 1058
<0588 V BOSCOMBE 1140 16528 1998 49 2004 3048 108213
270854 v ELANDSVLEI! 1050 1825 1853 25 2905 k'L 8931
7185 W NYON (POL) 58 1987 1987 % 290% 3128 1040.2
277038 S MAPUMULO 716 1977 1958 20 08 102 1073.7
27TI08% W NMAPUMULO (TNK) 8§33 1823 1988 53 2510 310e 10832
277282 A MAYFIELD, STANGER 660 1848 1961 41 2912 3109 1251
27402 S DOORNKOP 442 1934 1997 6t 2012 31 1070
277283 S DOORNKOP(SPRINZ) 545 1957 1958 !} 2913 1 1204 5
27135 W MOUNT ALBERY 457 1818 1922 2 2915 m 1568 1
271435 S COLERINE ESTATE 390 R5s 1970 10 2918 3118 9599
27'347 S SPROWSTON 305 1857 1970 11 2017 312 11447
279188 S GLENDALE 129 1956 1968 32 2918 3107 82z &
277408 S KEARSNEY 277 1828 1958 a1 2918 e 11028
27°438 S KEARSNEY a7 1820 1932 12 2918 3115 1080
2740 P BALCOMB WT 274 190 1983 N 291% L 1078.7
UMHLALI
27170 W GLENDALE (POL) 450 1587 1974 3 2920 3107 6id 4
270472 A HONEY GROVE, 540 1951 1969 23 2922 3048 8427
DALTON
270472 S GORDONS faa 1885 1868 13 2922 3046 7768
OVERSTONE
271232 S CHAKA 368 1928 1908 40 2922 3108 1003.1
KRAAL(FERNEY)
270563 S GORDONS 850 M 1985 13 2923 3049 767
270772 W NSUZE (POL) 564 1957 1997 22 2923 3057 880 4
277383 S GROUTVILLE 122 1834 1568 41 2523 13 908 8
270505 S GLENSIDE 87 e 1968 22 2825 3047 008 1
27105 P COLLINS RM UPPER 457 1542 1982 20 292% 3103 11525
TONGA
271085 S UPPER TONGAAT 457 1557 1658 4 2625 3103 1067 4
271357 S CHAKAS KRAAL 0 1857 1998 41 2827 3112 Q87 8
(EXPT.FARM)
271448 P ARMSTRONG RSR ) 1830 19481 23 2828 311 10783
UMHLALI
270448 W UMHUME-WATTLE 670 18932 1935 3 2539 3045 1837
ESTATE
271148 S SINEMBE 237 1545 1998 41 2639 3105 1033.2
271330 § COMPENSATION P 1833 1972 38 28W 3 1054
271420 W UMMLALI BEACH 50 1573 1998 15 2830 3114 1064 2

Generally the precipitation increases from north 10 south and from west to east in the
2640km arca. However, since a large portion of rainfall occurs as convective summer storms,
whose total rainfall can vary significantly over small distances, gauge elevation and aspect
also influences the MAP in the research area. Figure 2-88 presents the distribution of the
mean annual precipitation on the basis of the CCWR 1 minute by | minute median monthly
rainfall grid over the study arca. The estimate of MAP at each point was determined using a
regression surface in which MAP was regressed against factors such as alitude, latitude,
longitude, continentality and aspect (Dent. Lynch & Schulze, 1989). This grid suggests that
MAP varies in a broad range between 3533mm and 1332mm with an average figure of
92 mm. The map shows that low lying arcas appear 1o have a lower MAP.
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Figure 288 Median monthly ramnfall grid

In eencral data from 34 rainfall stations are available in
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precipitation ( MAP). 13 stations provide over 30 vears of comg

which gives a gauge densinv of one gauge per ‘-hp\n:' H.n\c\c'. only one rain gauee with a

record over 30 vears cxists in the rural area itselt within the Natal Metam. r'whx\' Provinge

Mapumulo (TNK) station has a record of 33 vears and provides a MAP fig f 1083.2mm
it an alutude of 333m

The inter-annual distribution of rainfall for Mapumulo (TNK) is shown in Figure 2-90. The
nean monthly distribution of raintall in the area 1s characterised by intense summer ramnfall
and dn winter scasons and is presented in Figure 2-89

An estimation of ramnfall during wet seasons and drought periods is shown in Figure 2-92 and
Figure 2-93 on the basis of the rainfall that 1s likels to be exceeded in 20% and 80% of the
Symons Pan evaporation data is available for the Mapumulo station and is presented in Figure
2-91. An annual pan evapotranspiration value of 1338mm (S-pan data) can be estimated for
the study area
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Figure 2-89 Mean monthly distribution of rainfall at Mapumulo (TNK) station (a)

Figure 2-90 Inter-annual distribution of rainfall at Mapumulo (TNK) (b)
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Figure 2-91 Mean monthly distribution of evapotranspiration at Mapumulo station
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Figure 2-92 Estimate of wet period rainfall (rainfall is likely to be exceeded in 20%0f the
rears)(a)
Figure 2-93 Estimate of drought period rainfall (rainfall is likely to be exceeded in 0% of

the vears) (b)

T'o study the ramnfall-runoff characteristics and groundwater controlled baseflow response,
runoff data was obtained from DWAF. However, the data is sparse with only three gauges
located in the vicinity of the study arca (Table 2-25)

Tablke 2-25 Available runoff data for the study area
T Number River Locality Catchment Lat T Long | Record
area (km°)
VU SHO02 Tugela “Nandmi SR930 00K 6 TS5 81 1962-1986
VoH “Tugela —  TugclaFern | 13862 TIR3C00 036 34 Bl N
Lol .\-.F—g.mw‘ T Rt Rulle | 236 T 253200 o322 1900+ 1986

None of the gauges fall within the Natal Metamorphic Province. with gauge V3HOOZ and
U3HO01 situated on the Natal Sandstone and V6H002 on the Ecca shales. Additionally. the
catchment area for two of the three gauges are very large, hence 1t was decided to estimate
recharge using rainfall-recharge relationship formulae rather than hydrograph separation

based on the gauges listed in Table 2-25

Several locally developed rainfall-recharge formulae exist for South Africa (Bredenkamp et
al. 1993). They give site specific estimations of recharge values as a fraction of precipitation
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basement rocks, The weathered overburden material provides a significant storage to
replenish the underlving fractured aquifer,

The arca exhibits a poor histoncal success rate with about 46% of the holes being dry,
Borehole yields are generally low with only 23% giving a vield greater than 11's, however in
this study greater than 73% of boreholes yvielded more than 1 I's. These reported borehole
vields are mainly derived from blow tests and seldom from a long duration test. Therefore the
percentage of boreholes with a sustainable vield exceeding 11s is likely 10 be much lower.
Dry boreholes as well as ugh yielding holes have been drilled imto all lithologies and are not
restnicted 10 any specific rock type: poor and high vielding holes occur within the same
lithology and give evidence that structures of tectonic origin are a major factor influencing
groundwater occurrence

During the Critical Intervention Programme, where geophysical siting was used. 37% of 27
boreholes drilled in the study arca were dry and only 2 had blow vields exceeding | I's. The
median vield of successful holes was 0.1 U's. The present study achieved an 89% success rate,
with 7 of 9 boreholes exceeding 1 I's and a median vield of between 1.8-33 I's. This
suggests that the aquifer can be reconsidered in terms of reticulated water supply if a
scientifically appropriate exploration strategy is adhered to

I'he water table in the area is extremely variable due to the rugged topography. The static
water level ranges from 2 10 75m with an average depth of 46m below surface. In general. the
depth of water level increases with nising altitude. As the water strikes in the drilled boreholes
occur much deeper, the aquifers are considered 1o be of a confined nature.

Discharge tests carried om on eight exploration boreholes indicate that at least 4 types of
aquifers occur: networks of uniform fractures, sub-vertical fractures with or without leaky
weathered overburdens. bedrock contacts with a leaky overburden. and leaky deep seated
horizontal fractures. Sustainable vield vary between 26m /d and 300m’/d. All aquifers are
confined in character and respond 10 abstraction in a discontinuous fashion. due to limited
extent of fractures or. where a thick weathered overburden is encountered, due to leakage that
leads 1o partly steady-state conditions during pumping. High vields are generally derived from
aquifers overlain by thick weathered overburden, or large fault zones. Where these are absent
or the satrated overburden 100 thin. small scale fracture zones represent the main target.
[ransmissivities vary mostly between | and 253m"/d

A correlation between lincament or fault azimuth and vield shows that successful boreholes
are associated with N-S. E-W and NE-SW running structural features. onentations of
extensional nature. The only unsuccessful borehole was drilled imo a NW-SE fault. the
orientation regarded as compressional in nature. However. results have to be taken with
caution. as they are based on nine boreholes only. In general, the wide range of azimuth
wrends related 10 successful borcholes suggests that a pervasive influence such as erosional
unloading is operating on all existing fracture systems.

The vield data set based on the nine boreholes dnilled during this investigation shows also a
clear correlation between borehole vield and lineament or fault length. indicating. that
regional scale features have a far better groundwater potential than local scale structures.

Appendix 2-D presents the summarized results of the laboratory analyses for all sampling
points and the DWAF specifications for drinking water and the water quality critena after the
SABS 241-1999, respectively. The water samples from all the successful boreholes are
graphed as Schoeller diagrams, tri-lincar Piper diagrams and Stiff diagrams (Appendix 2-E)
The ambient water quality ranges from ideal 10 marginal, falling within the DWAF class 0-2
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2,12 Financial Analysis

The objective of this section is 10 evaluate the extent to which additional exploration is
financially viable in 1erms of a reduction in overall borehole establishment costs based on
experiences in the Natal Metamorphic Province. Three different scenarios were considered to
establish 10 successful boreholes: i) no structured exploration programme, or drilling
randomly or by visual observation: ii) limited exploration based only on the frequently used
method of limited EM-34 and magnetometer geophysical traverses and a desk study of
existing maps: and iii) full exploration based on structural mapping. LANDSAT and acrial
photo interpretation. and field geophysical exploration using the most appropriate system as
defined by hydrogeological conditions

Resulis for Scenario 1 are based on historic drilling records as recorded in the NGDB. which
are assumed 10 represent random drilling or boreholes sited without modem exploration
methods. In the study area 120 borcholes have been dnlled. of which 46% vielded water. This
success record was used 10 estimate the number of holes and associated costs required to
establish 10 yvielding borecholes.

Scenario 2 is based on success rates achieved during the Critical Intervention Programme.
where 27 borcholes were sited using an EM-34 and magnetometer. Only 17 of these
boreholes conained water.

Scenario 3 is based on the methodology adopted for this project. where a MAX-MIN EM
system was used due to advantages of depth of penctration, and potential 10 collect data
simultaneously in both the profiling and sounding modes. Traverses were conducted in order
10 site boreholes across lineaments identified from LANDSAT and aerial photo interpretation.,
field verification of lineaments, and the structural analysis of lineament orientations based on
outcrop mapping. The investigation drilled 9 holes. of which 8 were successful, Costs were
extrapolated in order 10 determine costs 10 achieve 10 vielding boreholes so that they could be
compared to scenario | and 2

The estimated costs for all three scenarios are shown in Table 2-27. The costs are based on

the Council for Geoscience rates and man-hours expected during the investigation.

Table 22'_ Approx. costs to establish 10 vielding boreholes according to scenarios 1.2 and 3

‘_lf_ii\_ =] | }L"’_L_R’l'_ d Scenarol Scenariol Scenariod
Qn Cost Qn Cost Qn Cost
“Desk Study TE  Da 1600 ] 1600 5 000
TEM3 sunvey X "Dxm 1500 | €3 7450
Max Minsunes® (P D S50 | ’ 3 13750
RE\nﬁ_\_ﬁ_\_t;nt\‘—‘_ L Dan | 20| 3.8 137%0
Geophysical o Line 100 2 31200 33 3300
|Ilerg. R
" Accommodation A "D 150 5 750 1 1650
Landsat image” ¥V "Tack 2500 | [ 2400
“Landsat interp. ! MO 120 | i 00
“Stroctoral . 10 [Das 1350 | 3 1050
mapping N
Sub total . 0 13500 SO0
Exploration
Community Hr 100 19° 1500 16 1600 1 110
liaison®
Dritling” | “Hoke |, 11000 | 19 209000 16 176000 1 12100
D—'.'“_“‘E" iuﬂn_ [ l'_).x_'. llﬂl 19 19000 16 16000 11 11000
TOTAL 2320900 207100 183700
2-98
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it must incorporate field geological mapping. remote sensing and appropriate geophysical
exploration based on the identified hydrogeological regime.

In some cases. such as reticulated systems where production rates are more important than the
number of water points established. it may be beneficial to evaluate program efficiency in
terms of costs per unit vield of water. For the Natal Metamorphic Province, costs of water
production in terms of R/1's are shown in Figure 2.94. These suggest that drilling without
prior scientific exploration results in a cost of R229900'1's of water produced. Minimal
exploration (scenario 2) results in costs of R207100/1's of water produced. The data suggests
that increased exploration results in reduced production costs of R102067s, or 5% of those
achieved during the CIP. This saving can be attributed to the high median vield achieved
during this study

2.13  Conclusions and Recommendations

Groundwater is an important resource in the study area, providing a clean and consistent
water source. The geology in the area consists mainly of gneisses, granites and amphibolites
of the Natal Metamorphic Province. The low primary porosity of this hard rock aquifer
restricts groundwater flow to fracture zones or deeply weathered profiles, where successful
boreholes can be established. Successful groundwater exploration in the area has to delincate
these features by taking the following geological, hydrogeological and geophysical
considerations into account:

e A tectonic analysis of faulting in terms of the potential of faults and their related joint
systems 1o be water bearing requires that the orientation of tensional, compressional and
shear couples be understood. On the Natal coast, this requires an understanding of
tectonic processes at work on the Agulhas Transform Fault and the resulting onshore fault
and fracture syvstem. It is most probable that the faulting in Naual is related 1o divergent
wrenching on the Agulhas Transform Fault, in which case the maximum extensional
force would be directed perpendicular 1o normal faults. In this case. ENE transtensile
normal faults are expected to have the maximum tensional strain, while NE trending
faults are likely 10 be synthetic strike-slip faults and in shear. E-W faults are likely to be
antithetic and in shear, while north trending faults can be interpreted as high-angle faults
connecting synthetic fault trends.

e Field structural measurements and consequent strain analysis suggest that the most
prominent features are the NNE and ENE trending fault sets, with subordinate NE and
NW trending faults. The structures 10 favour for groundwater exploration are the major N
1o NNE and ENF fractures as they seem 10 be the open structures. The subordinate NW
and NE fractures that dip steeper than +/- 60° may also be good water carriers, but the
fractures dipping less than 45° are closed due to the presence of a thrusting component.

e Lincaments in the study area follow a distinct joint set. which is dominated by three major
sinike directions: N-S to NNW.SSE, ENE-WSW and NW-SE. The ENE-WSW and NW-
SE features appear to be of greater regional significance. whereas the lincaments striking
N-S proved 10 be of only local importance.

e Discharge tests carried out indicate that at least 4 types of aquifers occur in the research
arca: networks of uniform fractures. sub-vertical fractures with or without leaky
weathered overburdens, bedrock contacts with a leaky overburden, and leaky deep seated
horizontal fractures. High vields are generally derived from aquifers overlain by a thick
weathered overburden, or from large fault zones.
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e The yield data set shows a strong correlation with lineament or fault length. The four
highest vielding boreholes are associated entirely with regional scale structural features.
whereas local features have a poorer groundwater potential.

e The topography is a decisive factor controlling the availabilinn of groundwater in the
study area. Besides the fact that geomorphology has a strong effect on the development of
weathered profiles. 1t also influences the depth of the static water level. At low altitude
static water levels are generally shallower and occur in the weathered profile, which serve
as a storage horizon.

e The financial analysis suggests that a more comprehensive exploration programme and a
larger exploration budget could in the long-term result in significant cost savings,
especially in large regional programs where costs of regional geological and structural
exploration are spread over many boreholes. In such cases dedicating a larger proportion
of the budget to exploration than is currently the case may result in more efficient drilling
and a net reduction in establishment costs per site. For such an exploration program to be
successful it must incorporate field geological mapping. remote sensing and appropriate
geophysical exploration based on the identified hydrogeological regime.

In conclusion, the rescarch study showed that successful groundwater exploration for the arca
15 possible. An evaluation of the structural geology and the hyvdrogeological conditions of the
area together with a suitable geophysical method for the environment pushed the drilling
success rate up from a historical 54% (NGDB) and 63% (Critical Intervention Program) to
89%. Beside the improved success rates, the rescarch did result in significantly improved
vields. Whereas the median yvield for the NGDB and CIP records is 0.11's, a median yield of
1.81's was achieved with the applied exploration method, which accordingly lowers water
production costs considerably. The average vield of all boreholes was pushed up from a
historical 0.961/s 10 2.531's.
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GEOLOGICAL LOGS
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DRELED BY
DREL METHOD
SAMPLING

LOGGED BY

SETUP FILE

DWAF
B. PIETERSE
DTH BEAMMER

: BLOWN CUTTINGS

M PRINSLOO

STANDARD SET
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GROUNDWATER DEVELOPMENT
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GROUNDWATER DEVELOPMENT

HOLE No: G47158

IN COMPLEX TERRAIN Sheet 1 of 1
PROTECT NUMBER: K2/966
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GROUNDWATER DEVELOPMENT HOLE No G47159 | _
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GROUNDWATER DEVELOPMENT : HOLE No: G47157
IN COMPLEX TERRAIN ' Sheet 1 of |
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GROUNDWATER DEVELOPMENT
IN COMPLEX TERRAIN

HOLE No: G&7154
Sheet 1 of 1
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GROUNDWATER DEVELOPMENT

IN COMPLEX TERRAIN
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Chapter 3

APPENDIX 2-C
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APPENDIN 2-D

ANALYTICAL RESULTS OF THE WATER SAMPLES
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Stereonet plot on the very steep major froctures occurring in the Natal Group arkose striking northerly,

casterly and northwesterly.

Ara Ne13

Stereonet plot of the data from stop S indicating N-S and E-W dip-slip jointing and Mode | fracturing.
Intermediate dipping planes 1o the southcast may be due to thrust-slip fracturing. A conjugated joint set
sirikes ENE
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Ne12

The stereonct plot of data from stop 21 illustrates the effects of N-, NE-, and W-trending joints and
Mode | fracture sets of a dip-slip component as well as an east trending conjugated thrust-slip, with
subhorizontal Mode | fracture set. The striation indicates westward dip-slip (323°/76°) on the NE
conjugated dip-slip set. The paraliclism between the tectonic fabric and the E-W dip-slip fractures is

very obvious.

’ "“m
y

The sterconet plot of stop 39 show the N-S Mode | fracture sets and the conjugated EW dip-slip sets
with a Mode 1 fracture.







Sterconet plot of three-dimensional fractures with accompanying Mode 1 planes at stopd6. Note
worthy is the shallow dipping thrust-slip sct on the same N-S corientation indicating a dip-slip and 2

thrust-slip component with exactly the same o 2 axis.

Eowm Ares

Dats from stop 51 illustrates two dip-slip fracture sets with vertical Mode | planes orienteé N-S, ESE

and E as well as a NW wrending thrust-slip fracture with subhorizontal Mode | planes.
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3 LIMPOPO MOBILE BELT

3.1 General Setting

3.1.1  Site Locality

The research area is situated near the northern border of the Northern Province in the
Limpopo River catchment and is underiain by rocks of the Limpopo Mobile Belt (LMB). This
geological provinee is an E-W clongated low lving belt straddling eastern Botswana. southem
Zimbabwe and the northern pant of the Northern Province in South Africa. The belt s
lenticular in shape and is about 3735 km long by 60 km at its widest point. Two study arcas
were selected within the belt. one situated in the northem Bochum District west and
southwest of Alldays (study area ). and the other (study area [1) is located in Messina District
cast of Messina (Figure 3-1). Study area | is characteristic of the western part of the LMB.
where a quaternary sand cover overlies the metamorphic basement rocks. Rock outcrops are
few and the topography is level. Study area 11 represents the situation in the eastern part of the
LMB. where the basement rocks are exposed at surface, with rare occurrences of quaternan
coner

Study arca |

Study area | s approximately 1200km® and is located within the Bochum District and
Soutpansberg Districts. Its southern boundary is formed by several ENE-WSW running faults,
separating the Karoo Supergroup in the South from the metamorphics of the Limpopo Mobile
Belt (LMB) in the North. The northern boundary is formed by the approximately E-W
running Limpopo River. The area is covered by four 1:50 000 map sheets: 2228 DD
Raditshaba. 2228 DB Gregory, 2228 DA Usute and the 2228 DC Tonash.

The major access road is the R 572 from Alldays to Swartwater, from which a fair number of
dint roads diverge. The area is essentially rural, with private game farms occupying the
northern pant of the area within the Soutpansberg District and rural African communitics
occupving the southerm part. which falls mainly within the Bochum District. Here.
Raditshaba. Eldorado and Taaiboschgroet are the important villages in the area with schools.

stores and one hospital

Study area |l

Study arca Il is approximately 1000 km” and is covered by the following 1: 30 000 maps
2230 CB Gaandrik. 2230 AD Esmefour, 2230 AC Messina and 2230 CA Tshipise. The
southern boundary is formed by ENE-WSW running faults separating the Karoo Clarens and
Letaba Formations in the South from the metamorphics of the Limpopo Mobile Belt (LMB)
in the North. The northern boundary is formed by the Limpopo River

The area is accessed by the RS3I5 from Louis Trichardt to Tshipise and the R308 from
Tshipise to Messina. From these. only a few dint roads diverge into the area. The region is
rural and consists of a number of small villages and communities. game farms, imgated
produce in the Limpopo Valley. and some stock farming. Population density is low and
important centres are Messina in the Northwest and Tshipise in the South. Copper and
diamond mining also 1akes place

Except for the larger rivers. which are used for irrigation. domestic water supply is met from
groundwater
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Figure 3-1 Locality of study area l and 11

312 Topography

The basement topography is developed on well-foliated and mainly steeply dipping basement
rocks of the LMB. Several resistant lithologies are recognized in the study area. which are
expressed as prominent local topographical highs. These are primaniy quartzite bands, which
occur primarily in the Beit Bridge Complex. and pegmatite veins, which can be several meters
thick. Additionally. diabase intrusions are common throughout the region and give rise to
high. narrow ridges in the basement rocks. The contact with the Karoo Sequence 1o the South
is demarcated by either steep sandstone ¢hiffs or by uniformly flat terrain where the Karoo age
Letaba Formation is encountered, consisting of mainly basaltic lava

The region forms part of the Lowveld and is characterized by rolling hills and ridges of
moderate height. Study arca | has a relatively low relief and the gently undulating bush clad
land slopes gradually upward to the south. Varations in bedrock topography are levelled out
by overlving deposns of Quaternary age. which consist of alluvium, sand and gravel.
Occasional broken hills of metaquanizite and magnetite quanzite break through the quaternary
cover as broken isolated hills. Large, fairly thick alluvial deposits are found along the
Nzhelele and the Mogalakwena Rivers. Towards the western part of the LMB (study area 1),
quaternary deposits cover the entire basement rocks and outcrop is limited. Here, the 1errain is
flat lving with only few narrow ridges of resistant lithologies being present (Figure Figure
3-2). Occasional ridges consisting of LMB rock outcrop through the quaternary cover.

Area [l exhibits a somewhat steeper topography, with altitudes varving between 330m along
the Limpopo River up to 1250m in the Karoo covered South (Figure 3-3).

3,13 Drainage

I'he entire South African portion of the LMB is drained by the approximately E-W running
Limpopo River in the North, Several smaller watercourses dissect the LMB. running
approximately SN and draining into the Limpopo. In the study area | this is the
Mogalakwena. whercas in the study area [1 the Sand River and the Nzhelele drain the region.
Runoff is approximately 4-3 mm a in area | and under 4 mm in area II. In area | runoff is
generally restricted between October-April. corresponding to the rainfall period, indicating




it recharge \er mite Area |l has perenmial runoff due to runoft generation from
\ ansh seflow 1s generate ithin the LMB dur ¢ dn sea
b jeriving basement rocks seem (i have eaerted structural contro! of the strean \
the Mogalakwena and the Nzhelele bending in 90° angles to run for a short while parallel
hipise and Boskop fault respectively. Var resistant ith gICs Sem 10 Cause the
SW rous wide meanders (F e

o]

-
-

Figure Figure 3- a) Topography of rescarch area |

FigurcFigure 3-3 b) Topography of rescarch area 1l

¢ study area is charactenized by hot and d summers and co irv winters. The
cas sts approximate!y from October 1o April with rainfall occurring mostly as hea
indersion
¢ patter { the mear il pry tation (MAP) 1s show Figure 5- ind Figure 3
! srea | and 11 respectively. Whereas study arca | exhibits a homogeneous ramfall patten
& ving between 320 and 480mm. area | Oows valugs increcasing fror
] L ¢ p
er up to Yo2Umm in the S comer Ol ¢ stud) area where the area 1S eriam o
Soutpansberg. The arca underlain by the LMB generally has a rainfall of between 500-4(
Ir mparison. S-pan evaporation is between ~000-2200 n a2 in arca | and betwe
SO0-_ 0O 1 arcal

[he semi-anid subtropical climate accounts for a vegetation dominated by thom scrub ar

issland, which is classitied as tropical Bush anc Savannah under the Simphitied Acocks

Ve ¢ & area ised mamiv for game farming. Addimonally formal agncultu
" ” -ludes potato and toma farminge. where irrication from the larger river
iSricultural actnan the rural black areas consists of subsistence cattle and dnyv-land 1
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6.2.2 Lithologey of the Central Zon
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Figure 3-8 Geological shetch map showing tectonic units of the Limpopo Belt with

bounding shear zones and adjacent Archean cratons (after Kroener ot al., 1998).

Suand River Gnersses

The oldest rock units of the Central Zone are grey tonalitic,. migmatitic, quanz dioritic or
granodioritic in composition and referred to as Sand River Gneisses. The Sand River Gneiss
outcrops 8s a small NE wending belt SE of Messina. The gneisses range in colour from dark
to light grey. have varving content of feldspars, gquanz, biotite and homblende. and display
evidence for poly phase deformation (Rroener €1 al., 1998), The gneisses are thought 10 be of
sedimentary onigin and a minimum age of 3780 Ma is postulated (Brandl, 1981). The gneiss
has been intruded by mafic amphibolite dyvkes. which were subsequently folded and
metamorphosed

These rochs have been considered. on structural grounds. 1o represent a tectonic or
depositional basement to the Beit Bridge Complex (Horrocks, 1983, Brand!l, 1981, Watheys,
1983). whercas others question this “basement=cover™ relationship (van Reenen et al., 1992)
Kroener et al (1998) gives an age of 3 260 Ma suggesting an imrusive relationship with the
Beit Bridge Comples rochs

Both the Sand River Gneiss and the Beit Bridge Complex were intruded by two groups of
basic dakes with ages of 3623 « 102 and 3128 = 81 Ma respectivels (Banon et al, 1983,
now aliered 10 amphibolite

Beit Bridge Complex

The high-grade supracrustal succession of the Beit Bridge Complex consists mainly of
quanizo-feldspathic gneisses. metaquartzite and marble (Brandl. 1981) Brandl (1981)
subdiv ided the Bent Bridge Complen into 3 groups:

I'he Moumt Dowe Group consists of grevish, white, coarse grained, massive metaguanazites.
magnetite quanzite and subordinate leucocratic gneiss (Metaquanzite on Figure 3-3). Biotite.
garnet or prroaene. whose origin is related to impurities in the original sandstone. have
imparted a banded appearance in places. In the vicimty of ught folds these bands have been
recrystallised 10 resemble vein quantz. The presence of laminated black magnetite quanzite
has given rise 1o sharp crested hills,
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Gingrss. though field relations indicate that it is older than the Messina Suite (Barton et al.
1974)

Inmrysions

Deformed mafic dyhes with granuline facies metamorphism are present in the Sand River
Gneiss and can be annbuted 10 2 pre-3000 Ma event (Barton ¢t al. 1990). At leas1 9
generations of intrusive mafic dyhes have been identified (W atheys et al., 1983), ranging from
3220-180 Ma

E-NE and W-AW sinking diabase and dolerite intrusions are common throughout study areas
I and 1] and occur as sills and dykes Typically the diabase 15 a medium- 10 coarse-grained.
dark-gray roch. composed mamly of calcic plagioclase and clinopyronene (Brandi. 1981)

323 Geological History of the Limpopo Belt

The basement rochs of the Central Zone have undergone several major tectonic events
causing complex interference fold patterns During the last 2% yvears, numerous models have
been proposed 10 explain the tectonic evolution of the Limpopo Belt (Coward et al. 1973,
1076 ab. Conard 1976, Barton and Keyx. 1981, Watkeys. 1983, Horrocks, 1983, Fripp 1983,
Barton 1983, McCoun andé Vearncombe, 1992 Van Reenen et al. 1987, 1992, 1993, Roering
et al. 1992). All the tectonic models postulated assume that plae 1ectonics was active during
the Archean. and that the Limpopo Mobile Belt is an intracratonic feature that devcloped
when a belt of high heat flow developed at the site (~3.2 Ga). a1 2 time when the Zimbabwe
and Kaaprvaal Cratons were united. They attribute the formation and subsequent uplift of the
granulite facies exposed in the Limpopo Belt to a collision between the Kaapvaal and
Zimbabwe Cratons or exotic terranes. which resulted in crustal thickening. The theories differ
with respect 10 the mechanies of the collision, with some viewing the interaction between
cratons as a predominanmiy strike-slip evem rather than a continental collision.

In the earlier models, 11 was postulated that the epicontinental rocks found within the Central
Zone represented sediments deposited during an early rift phase between the Kaapyaal and
the Zimbabwe Craton, which were assumed to be united before 3200 Ma. Rifting permined
the deposition of the Beit Bridge Complex sediments and their subsequent burial and
metamorphism ( Robertson & Du Toan, 1981,

Later work by Roering et al (1992). however. suggests that the Central Zone could either be
an independent crestal fragment caught up in the collision of the Kaapvaal and Zimbabwean
Cratons, or that it might have been already been attached 10 the Kaapyaal Craton by an carlier
lectonic event,

According 10 Wathevs (1984). major horizontal tectonics imolving oventhrusting and
subduction from the northenorthwest subsequently commenced and brought the Zimbabwe
Craton and the Central Zone together. From about 2 Ga. the Limpopo Belt anained rigidity
and changed trom a zone of mobility 10 one of shears and rifts, which were reactivated 10 a
lesser extent throughout the later histons of the belt.

Another model tries 10 explam the LMB as an assemblage of discrete terranes with different
geological histonies prior to approx. 2.6 Ga. The Kaapvaal Craton is postulated 10 act as a
stable continental block against which accretionary. northerly growth 100k place (Rollinson,
1993).

MeCoun and Vearncombe (1992) suggest that the Central Zone was emplaced from NE 10
SW. suggesting that thrusting was arcuate around the Cemral Zone. hence N-S cratonic
collision did not 1ake place. rather. a NE-SW collision occurred. oblique 1o the craton
collision direction. betwcen the Central Zone ané the Kaapyaal ¢raton. outwardly thrusting up

3-8
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The second exent (DIMD) started at about 2900 Ma wh the intiation of decompression and
uplifi, but can be seen as & continuous pressure-temperature loop from the M1 event. h
imolved the isoclinal folding and shearing of the rocks about a more upright axial surface
oriented NE-SW. with approximately horizontal foid hinges. This led 10 the repetition of rock
units from the NE to the SW and the development of wide spread schistosity and foliation.
Watheys (7683) states that this episode consists of two phases of co-planar folding separated
by the intrusion of the Bulai Gneiss accompanied by high pressure granulite metamorphism.
Metamorphism was considered to have decreased rapudly from a high pressure granulite
facies 10 @ low pressure granulite facies with uphifi

The third event (D3N3 is characierised by the introduction of water through shear zones and
decompression 10 an amphibolite facies. It is marked by a ductile-brinle refolding of the
succession co-planar to the second event but with fold hinges diverging from the parailel.
This resulted in a tightening of existing structures. and the attenuation of some folds so that
minor anticlines occur adjacent 1o each other with the corresponding syncline between them
peing obliterated. Wathers (19831 suggests that this event was separated from the DIM2
event by anatenis and the diapiric uprise of the Bulai Gneiss . which was accompanied by low
pressure amphibolite facies metamorphism

The fourth event (D3 M4) at = 2670 Ma imvolved the refolding of the entire succession about
an E-W axial surfaces and resulted in shearing. mainly south directed thrusts and the
formation of my lonite and flaser gneiss

Following the cessation of major tectono-thermal activity at about 2000 Ma. small peridotite
and prroxenite plugs and pegmatite dyhes intruded the LMB. This was followed by the
deposition of volcanic and sedimenarny rocks of the Waterberg Group in bounded basins
between 1900-1600 Ma. Following renewed activity along existing faults (D) during the
Waterberg deposition with predominantly ventical movement. numerous basic dykes and sills
associated with voleanic activity related 10 the deposition of the Waterberg intruded into the
major fracture trends of the LMB 10 dissect the LMB and W aterberg rocks.

The Karoo Supergroup was also deposited on an even floor of cnvstalline rocks and on
W\ aterberg strata between 300-180 Ma, Most Karoo deposits are fault bounded on the nonth
side and were deposited in yohed basins controlled by pre-Karoo structures. Karoo deposition
occurred concurrent with faulting and fracturing along the ENE trend (D6). Karoo and Post-
Karoo dykes. sills and sheets follow the major WNW and ENE fracture trends and many
faults were wholly or partially filled by dolerntes. A subscquent intrusive episode from = 190-
I82 Ma. resulted in the intrusion of ring dykes, sheets and related dyhes These consist of
granites. gabbros and syenites. and the development of radial and concentric faults and
fractures

The presence of thermal springs in the Soutpansherg arca and sporadic seismic activity
sugpest weak tectomic activ ity bas continued 10 the present day

324 Structural Features of the Central Zone

The Palala Shear Zone at the southern margin of the study areas represents a northerly and
steeply dipping zone of intense ductile deformation of up 10 10 km wide, with an exposed
strike length of about 30 Am. It wends NE in the east near study arca | and bends through a
ENE 1o E sirike near study area 11, Its ongin is thought to be related to the initiation of mobile
belt activity during the DT deformation when the Central Zone of the LMB moved westerly
between the adjacent cratons. [ is characterised as a strong magnetic anomaly. It represents a
rranspression zone along which lefi-lneral strike-slip movement ook place. Transpression
was caused by the oblique comergence of the Central Zone with the Kaapvaal Craton

>-10
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(3.54), post Karoo tectonics geodynamics has been primarily related w0 N-S
exlension

e Regional uplifi at about 2.0 Ga combined with continuous N-S oriented tension has
resulted in sub-vertical dip ship movement on the ENE faults, resulting in half grabens
or troughs bounded by normal faults into which the Waterberg and Karoo Sediments
were deposited (Figure 3-7 Stage 3).

e ENE wending normal fauhs and the deposition of Waterberg and Karoo sediments in
an ENE wending hali-graben suggest continuous extension to the NNW (Figure 2 .8a)

e The intrusion of ENE dolerte Karco dyhes (Figure 3.31) confirms continued
enIens

e The venical rfaulting has resulted in tectonic comacts between older and younger
rochs along lthological comacts. such as contact between the Clarens Formation
sandsiones against basalts of the Karoe Supergroup and LMB rocks. Consequently.
many E-W lithological contacts are tectonic in nature

e A conjugate system of synthetic and antithetic faulting related 10 NN'W extension
would suggest \NE synthetic strike-slip faulting and WNW trending antnthetic fauling
(Figure 2 8a) This ts confirmed by the sirike of mapped (aults in study area Il (Figure

=32). The Kalahar: cover over large pans of study area | precludes the idemtification

of all but major faulis

o Post KNaroo sostatic readjustment led 10 the formation of subparallel E-W grabens
between post-Karoo normal faults,

e  Conminued northerly extension has led 10 the development of post Karoo ENL normal
faulting (Figure 3-4)

-
",

In terms of implications for groundwater investigations. rejusenated structures. such as the
ENE rending Bosbokpoort and Tshipise faults in study ares 1) and the Tshipise fault in study
area |, have been under NS extension since at least Waterberg times, making them
groundwater target features. NW and NF stnking features have been reactivated by shear and
may also be good targets depending on hithology

23 Hydrocensus

Rescarch area | 15 2 rural region where potable water demands are me1 by river water,
porcholes and recentiy by piped water schemes originating from the Karoo basalt aquifer 10
the south. Whereas the water supply from rivers might be of poor gquality and fails in drought
situations, groundwater piped from the Karoo aguifer rochs 1o the south is currently the
preferred water option in the area because of its generally availability. The LMB rochs have
up to now been considered a poor aquiter due 1o low success rates and low vields However,
the cconomic sustamability of the piped water scheme can be guestioned. since it imolves
piping water for 30 km 1o dispersed settlements with a low population density, hence Costs are
substantial while ability 1o pay s low. Groundwater located closer to the demand location is a
more cost=efTective solution

Research area 1l 1s manly covered by private game farms, or fruit and vegetable farms where
irrigation 18 possible from the maior rivers. and the rural arcas meet their potable water
demands from borehole water
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The NGDB hydrocensus showed that 2 total of 206! boreholes have been drilled inmto studs
areas | and 1. These records were examined in 1erms of the drilling success rate achieved.
dorzhole sield distribution and the relationship between borehole yield and distance 0
structural features. Figure 3-8 and Figure 3-9 demonstrate the success rares in study areas |
and 11. 29% of all registered boreholes in arca | are recorded as being successful (>0.01 15

whereas 42% in arca Il are yielding. However, 37% (area 1) and 29% (area 1) of the
registered boreholes do not have a reported a vield. hence an accurate success rate can only be
estimated. Assuming. that 30, of the boreholes without vield specification are dn, success

rates of 38% tor ares | and 36" for area 11 are estimated. however. this is probably an
Overgstimate The Map of the Groundwater Resources of the Republic of South Afnca
sugpests that less than 40%, of all boreholes in the region are successful (0.1 | s). and that 20-

- . \ -
0% of these have vields of greater than 2 |'s

A sunvey by Viegter (2001) found that only 9 out of 24 boreholes sited using clectromagnetics
proved successful (38%,). and of these. at least 3 sites had other boreholes drilled shon
distances gway from the anomaly which also proved successful. This suggests that boreholes

could have been sited just as effectively without the geophysical data

N
i* -
a b)
Figure 3.8 #) Success rates for all registered boreholes in the study area |
Figure 3.9 b) Success rates for all regastered boreholes in the study arca 1l

Figure 3-10 and Figure 3-11 depict the distribution of the yvield in both study arcas. Of the
boreholes with vield data available, 32% of boreholes are dry n study area 1. and 30%% in
study area 11 56%¢ (study arca 1) and 50°%% (study area 1) of the recorded boreholes vield
between 0.01 and 0515, whereas 3% (area 1) and 20% (arca 11) do vield more than 2i's
Hence. high sielding targets do exist in the LMB. However, these records are primarily
derined from recorded arlift yields rather than from proven pump-out vields and long term
sustainable viclds may be significamtly lower due 1o the arid nature of the region. The
statistics of borehole yvields in both arcas are shown in Table 3-1

%08 12000 ———
. 3¢ Fy g 0000 |
5 2 P K 1
- } wx |
3 - 1
b= T &4 4 1
: cpd ‘=i Hc@l]
- s  EFF . DA 1 9 X | .
- P wo's
a) b)
Figure 3-10 a) Dustribution of borehole vield in study area |
Figure 3-11 b Distrshution of barchole vield in study area 11
Table 3-1 Hydrocensus data for rescarch area | and 11
[ Mimvield  Max, vield Median Average | Average | Average
yvield Ywld Water level  Water strike
Areal Ul 817 1 39° 1.32° 2428 4347
Area 1l .02 01 119 18 I8 03 R

* Calculated on the basis of only successtul boreholes







Figure

"

"l'_’l'x

Figure

5

\

Record nq

° e = . p AW A - : ® »

Water strihe, water level and vield in relaton 1o distance to rivers in study arca

=S0m: n SN-100: n=2, 1ML 280m: n="_ 250.500m: n="
} }
| D \ L
. .
rap - i ICICNGC . Useh
’ ' i i ! .
ehole dey ¢ ind 66 :
' . " _‘ ’ 1 r <
i+ VIR | \he i1 1rik A }
4 A 8 reance | & ¢ ol | " ang 1INCe
r stril CC ( 6Hm (area f edi
1 8
)

#2) Depth of water stribhe (studs area |

b) Depth of water strihe (study arca 1l

v ieam
i
a) Depth of water level (study area |l
b) Depth of water level istudy area 1)
o o \1R . " ' . ] 21
r | \ .
ca 1 d - \\" A Jf o 3
. | e - 3 { : 1 Y ‘ an
) | A ¥ ]




I I\ LR | { | I18S

"H )
e I
\ ’
1

(

Sod i
N |

} |

[N

‘ ,

- A\ ' |

n max Verag m n (lass

PH

F(

Mg i
N [

[ 3% |

( I
SO i)
N3 ;

id LANDSAT Imagen




Chapter 3 - Limpopo Mobile Belt

300

0o cEin .
¢ DA%V N
« Theln
« *Inn

o iform ston

I\ Peennin tho W E

S\ ansast weamerts
N o -

N/ Dowme Dpe
N/ Datase Dyse

Qusterrany
wavee Seuence Basar)
Kavoe Secuence SanavioreSree) 5 Ben Brioge Compiar
| LAl Compier Martie caiz-aica®m mces
Measing Sute . I

Mac 208 8 5 yesie L5 0ot Braage Compt IRMONDOMe. Mafe granuite
Bl veasnGren et Broge Compmes Metaguarzne)

Figure 3-21 Distribution of borehole yields in study area 1 (NGDB records)




Chapter 3 - Limpopo Mobile Belt

NGO dma
Ory

L AL ER Y]
« B8ty
Talvs
e I
O TOr™ N
N
Nwwu'uv

SN\ ansast insaments

A/ Dytes struetunes W E
N/ ructunl fastures J

S
T L. EF Buae Grean
= Cowme | T
B ovore [ e

Oumme nary Ber B 990 Compien

Bat Br < - ]
— - = O Comoss IMAMee . (i G -Siha e 10K §)

S5 xasoe 8 sce SanavioneSie e Bet Mtge Compeer Wetaguarsie)
B sovimmaser; Grow Sk 8¢7 810 Compur Ampritolte. mafc granume

Figure 3-22 Distribution of borchole yields in study area 11 (NGDB records)




Chapter 3 - Limpopo Mobile Belt

When analvsing mapped faults only (Figures 3-26 & 3-31), a similar pattern is obsenved: a
prominent E-W trend and ENE-WSW wend in areas | and I suggest that the lincament trend
18 related 1o faults. Secondary NE and WNW trends represent expected anti and synthetic
faulting. Mapped dvkes (Figures 3-27 & 3-32) have a similar trend and provide further
evidence that the ENE orientation is the primary extensional onentation.

A comparnison between the geological map of the study area and the lineament orientation
reveals that many lineaments correspond 1o lithological boundaries (Figure 3-33). However.
man)y of these contacts are tectonic in origin. hence are structurally significant. Faults have
been mapped along ENE comtacts between LMB rocks and Karoo rocks, and between Karoo
basalts and sandstones, hence these lincaments are hydrogeologically significant. ENE
trending faults and lineaments are also observed within the Soutpansberg Group. In the LMB,
however, many ENE lineaments do not correspond to mapped faults (Figure 3-33). This can
be anributed to the Quaternary cover. which has restricted the mapping of faults. and the fact
that if these lincaments represent normal faulting it is possible that the contact would be
gneiss against gneiss, hence vertical movement would be difficult 10 detect. Alternatively,
lincaments could represent tension fracturing parallel 10 major ENE normal faults. It is likels
that the extensional nature of strain has resulted a series of paralle] faults with the same ENE
orientation.

Other observed lineaments represent lithological contacts between LMB lithologies (Figure 3-
33). As these contacts are the result of folding and deformation that occurred in a ductile
manner, these lithological comacts do not necessanily represent groundwater targets unless
subsequemt faulting occurred.  Consequently, great care is required when imerpreting
lineaments: many are likely not to be hydrogeologically significant,

Figure 3-23 Lincament strike-frequency plot in study area |

-5 . ™
*’ .
. "3
i~
a) b)
Figure 3-24 a) Lincament length-frequency plot for study area |

Figure 3.25 b) Max. lineament length-frequency plot for study area |




Figure 3-26 a) Strike-frequency plot of fanlts in study area |
Figure 3.27 b) Strike-frequency plot of dykes in study area |

Figure 3-28 Lincament strike-frequency plot (Study area 1)

o
a) Lincament length-frequency plot (study area 1)
b) Max. Lineament length-frequency plot (study area IT)

Figure 3-29

Figure 3.30

a) Strike-frequencs plot of mapped faults in study area 1l
b) Strike-frequency plot of mapped dykes in study area 1]

Figure 3.31

Figure 3-32
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aving s. Although the Soutpansberg Group rocks are not

similar ENE stnike O
represented in the study area. thewr close geographic proximity 1o the study areas implies tha
vl

¢ deformation recorded in them also affected the study areas to vanving degrees. |Ir

particular, the proximity of the Soutpansberg Group 10 study area |l implies that the
detormation recorded In the Soutpansberg Group s hikels 10 have affected that area w0 2
greater degree in comparison 10 study area | which is located 10 much further west, in which
direction Jansen (1973) suggests deposion and deformation were not a5 extensine. Barker
983 ) recognised four tectonic trends namely a2 dominamt ENE trend and subordinaie N-S
Lebombo trends. and a conjugate NNL-NNW post-Transvaal dyvhe trend. Barker (1983) alse
ndicates that reactnation of the pre-Karoo dip-ship and strike-slip structures have been
reactinvated during the extensional Karoo and post-Karoo deformation, and tha POSt Naroc
R . [ 4y

uplift s evident by the presence of high level unconsolidated river gravels

Figure 3-34 Geological map of study arca | showing the localities where joint messurcements
were made (hlack clusters of strihe & dip ss mbols),

Figure 3-35 Geological map of study arca 11 showing the localities where joint measurcments

were made (black clusters of strike & dip ssmbols).




Structures recorded in Pre-karoo lithologies in the studs areas
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Figure 338 a) Rose diagram showing the frequency of strike directions for joints and faults
in the pre Karoo lithologies in study area |

Figure 3-39 b) Rose diagram showing the frequency of strike directions for joints and faults

in the pre Karoo lithologies in study area 1l
355 Structures recorded in Karvo-age lithologies

Roek tapes included i the group are the Clarens Formation sandstones, siltstones and
mudrocks and Karoo basahs and dolenite dyvhes. Joints are best and most frequently developed
in the basalts and dolerites and to lesser degrees in the sandstones and mudrocks respectivels
These lithologies are the voungest lithologies in the study arcas and consequently record the
orientations of the most recent structural events in the arcas

Ihe sterconct 1or the structures recorded in the Karoo-age lithologies in area 11 shows that the
joints and dolerne dykes dip steeply almost exclusively >60° (Figure 3-10) and sirike ENE 10
E. with subordinate NNE oriemtations (Figure 3-42). The ENE to E joint and dyke orientations
are consistent with the extensional regime that prevailed during Gondwana fragmentation, A
subordinate NNW direction s also presemt suggesting ENE extension. This direction is
similar to the Narco-age Lebombo trend described by Saggerson and Logan (1970) and is
consistent with the mwo-stage Gondwana fragmentation described by Coa (1992) and
Grrantham ( 1996)

Barker (1983) presented a rose diagram of 3190 measurements of joints. dyhes and fauls
from all lithologies over a large arca. which included both of the areas, sampled in this study
and found that the dominant structural trend is ENE. Unfortunately he made no attempt 10
analyse the fractures in the various lithological units separately however the dominant ENE
direction he determined would suggest that the Karoo-age fractures dominate the fracture
svsiems in the areas stedied
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Figure 3.0 a) Contoured stiereographic projection of poles 1t unts (points). faules |

squares! and dyhes (plus ssmball measured in the Karoo-age hithologies from area 1l

Figure 341 b Contoured stereographic projection of poles to joints (dotsy. dyvies (plus

ssmbaols) and Laults (square) in the Karoc-age hithologies from area |
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3.6  Ground Based Geophysics

6.1 Introduction

Trager features for geophysical imvesugations included lineaments, geological features such
as fault lines. dyhes or sills and Inthological contacts of dipping strata. The geophysical data is

summarized in Table 3-4 in terms of the geological feature inyestigated

A total of 21 eleciromagnetic traverses. 27 magnetic traverses and 10 resistivity soundings
were carried out in research areas | and 1. The location and number of each traverse 15 showt

in Figure 3-44. The data for all traverses and stations are presented in Appendix 3-A

Table 3-4 Geophysical survess carried out in the rescarch area
Name [Hml\ dralled Lat lLueg beatury Ceenphysics Lraverse
direction
LMY s 5640 JE ng Juke Mag. Max M 5=\
27 6648 26 83T NWeNT runang ke g S S SN
226473 € B BWNWIsEtraing Taah LU PR PYREC e N 4
= 226833 26 75 0F W dyhe T Rl Vs 8im SN
A ACNIERT 22 B641 ZE BTE10ckpicdl contact Pelween haro Mag, ey Sin SSESSW |
Sandstore and | VB rocks Restpln
oﬁmf‘—‘W'ﬂﬂvwva Nag. Moy Min &%
g Wld\;'\“ "._«f, 1351 My S M SsE-SNNW
o 722 7849 26 EOUANE-SW sy T — Mm SSEANW
(TRCEEER 22 TBaD 28 BEO2T SL-WSW running dyke Mg Vs M SSE-NSW
10 oaiais 227458 ZB TE1INESW woriming Taut TRl Mo Min SR aer ]
ot 185 Hesisinm
T 22 7554 2B 7834l W runnng dvhe o W, Sl Minss
Hesitno
26 72827 shivise Dult T-W sirihng g, s MinssS |

Hesin

B7 ) shivee Lult T sk ing N2z Vias M NS

G217 unning Taat ’\i..}’(i.\‘(r.' 2~ i d
SANESW i -‘_;-f&-’. Mag SN
Ivare siructae My 5N
el e—— —
e wped Iadt by \Vix \S
o “.. 2552 By—':‘z’v\ e et ENESWSW striling \‘1-;- Man Min SSEANM
Resistnmn
o T 28 33,2 30 a5171Massne pegmatiie veir . Viag. Vlax MinFew
Reosistn
ME2O 22 3554 30 35855L-\W rumning fault Mag, Moy M WESWLENT
Kesistivmn

ST | 2% 3504 30 288 I NT-WSW siriling faalt Nar Resatnn N0 ST
MBS "224111 30 1572 WAL running fault " Mag, Mas Mo POL-GSW |

Resitivin
'i:r-"—_ T 28 A2F 1 AN N e ng ‘au T - Mar NS

.| - g R - 7 3 FTah ot o WSW-LNE sriking Mag, Vv Mo SSE-SNW

Res stivan
Bt |00 27 3508 30 EVSW nevng taen NTag. Sias olin SW-SF
Y157 ‘ : - Nag o M Wb
R [N . Ta soade Taulis E B Y !

e ¥4 - | |

Thg results of the -:';u"h_\\lg.a :".'.'Lx'u‘.. "‘.hg',f 51.'.".:"\\ were g.'n.x:\(.j mie iour mam .'.t‘.c:g -Tif:
r.‘kgtm_g responses over fault zones. lincaments. magnetic structures and other largets of

possible hy drogeological significance. Examples from each category are described below

2.6.2 Fault Zones

A total of 16 faults were investigated using ground-based geophysics in study areas | and 1l
Four traverses were carried out 1o investigate the Tshipise and Bosbokpoon fault respectively
Locations were chosen at contacts between LMB rocks and Karoo basalis. as well as LMB

LV
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L MBI13 = Tshipise fault separating Karoo basalts and Limpopo

Site deseription
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A borchole (H26-0429) was dnlled on the magnetic anomaly but a fault was not observed
[he presence of mafic minerals may explain the magnetic anomaly. A shallow weathered
zone aquifer was detected at the bedrock comtact (27m) explaining the shallow

¢lectromagnetic anomaly.

A second borehole (H26-0430) was drilled at 480 m 10 investigate the second electromagnetic
anomalyv. This borehole also intercepted a shallow bedrock contact aquifer

Resistivity Sounding

A resistivity sounding was carried out at distance 233m of the electromagnetic traverse and
magnetic traverse, at the northern edge of the trough like electromagnetic anomaly. The
direction of AB extension paralleled the geophysical traverses. The sounding curve is shown
in Figure 3-56.

Ihe sounding curve represents a three lavered earth case of a A-twpe cunve with pl<pl<p3
T'he sounding data indicates a thick weathered fractured overburden of ca. 30m for the site
By fitting the field curve to the master curve A9 the following values for the three lavers

could be determined

[hickness (m) Resistivity (£2m)
Laver | 2 420
Layer2 50 600
Laver3 o resistive bedrock

A 27 m thick weathered zone was confirmed by dnlling

IMBI15 <« NE-SW running fault zone

Site description

A fault zone mapped on the 1:250000 geological map Alldays was the target of geophysical
traverse LMB1 S (Figure 3-48) using magnetic only. The feature is mapped as being of 9.5km
extent, but has no reflection in the morphology . The site is flat and quaternary covered with
no outcrops of the underlyving Limpopo host rock being present

Magnetic Sun ey

I'he magnetic profile was from the South 10 the North with a station spacing of 10m. The data
1s shown in figure 5-48

IMBI=

Fault

Figure 3-47 Location of traverse LMBIS
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Figure 3-49 Location of traverse LMBGO

A borehole (H26-0428) was drilled at [30 m on the electromagnetic anomals. which proved

to be dry . This haghlights the problem of rehance on remotely sensed lincaments in this area

364 Magnetic Structures

Magnetic intrusions mapped by airborne geophysics are vers common in study areas [ and 1
and occur as sills and dvhes. The preferred orientations of the dvhes are NE-SW 10 ESE-
WNW, corresponding to the onemation of maximum tensional strain. A total of five magnetic

structures were investigated in the study area and one example of their geophysical response

1s given below

LMBY - Sill like structure

Site description

A sill<like structure mapped on the 1230000 geological map Alldavs was the target of
raverse LNBY. The feature runs from ESE 10 WNW and was traversed in an appron. 90°
angle. The site itself 1s quaternary covered and no outcrop is present. The ares is flar except
for a very gentle dip centred on the feature (Figure 3-49)

Electromagnetic Survey

The Max-Min was operated at 3 frequencies. ranging from 220 10 14080, Hz while the coil

scparation was &1 10 100m. A stanon spacing of 10m was selected The results of the
electromagnetic data are shown in Figure 3-33

The conductivity data for LMBS produced no pronounced anomaly. However, at 320m a
distinct ramp discontinuity ¢can be obsenved in the in-phase and out-of phase throughout a

frequencies. This comncides with the edge of the sill like structure
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The direction of the AB expansion paralicled the geophysical traverses. The sounding curve is
shown in Figure 3-57

The sounding curve indicates that it is a three layer H-type curve with pl>p2<p3. By curve
matching using the master cune H23, the following values for the three layers are
determined:

Thickness (m) Resistivity (£2m)
Layer! 3 180
Layer2 =0 I8
Layer3 resistn e bedrock

I'his indicates the presence of a potential shallow weathered zone aquifer (<22m depth),
however, it was not drilled as this was considered 100 shallow to be indicative of a major
structure

LMBS = Contact between the Karoo Sandstones and Limpopo Belt gneisses

Site deseription

Iraverse LMBS targeted the ENE trending contact between the Karoo sandsiones and the
Limpopo Mobile Belt rochs. A1 this site the comtact s covered by a seemingly thick
quaternary overburden. The comact of both lithologies is discontinuous due 10 faulting,
however, at the site no fault zone has been mapped. probably due 1o the comact being under
Quaternany cover. The Tshipise fault. which is the contact with Karoo basalt. only occurs
further to the south of the site. The geophysical traverse was conducted from the SSE 10 the
NNW, starting on sandstone rocks of the Clarens Formation, and continuing onto a 100m
wide zone of quaternary cover overly ing the gneisses of the Limpopo Belt

Flectromagnetic Survey

I'he Max-Min was operated at < frequencies. ranging from 220 1o 14080 Hz. while the coil
separation was set 10 100m. A station spacing of 10m was selected. The results of the
electromagnetic daa are shown in Figure 3-55

I'he clectromagnetic data s characterised by two minima in both the in-phase and out-of
phase, located on either side of a ndge. where both phases reach a response maximum. The
ridge discontinuity is more pronounced at 200 m and 15 likely 10 represent a fault with a
shallow dip 1o the nonth. On either side of this ridge discomtinuiny are troughs of lower
conductiviny material. The less conductive trough 10 the north is probably related to the dny
low conductivity Quaternary overburden. The decreasing conductivity with distance 10 the
north probably indicates an increasing thichness of quaternany cover. The fact that this trough
is increasingly prominent with increasing frequency indicates that it is a shallow lying feature,
hence it 15 probably related to the Quateman overburden

Magnetic Survey
The magnetic traverse was conducted from the SSE to the NNW over the geological boundan
using a stanion spacing of 10m.

The magnetic response 1s characterised by a magnetic high over the Karoo sandstones and the
gneisses of the Limpopo Belt Both flank a magnetic low of about 100m. The response
reflects the anomaly over two plate like bodies, believed 1o be the Karoo Sandstone in the
South and the LMB rochs towards the North.

A borehole (H26-0:126) was drilled a1 280 m 10 intersect the shallow dipping structure. A3 m
thick clay was imercepted between highly weathered gneiss and weathered gneiss. This was
underlain by quanzite veins. however. no water was encountered. This suggests that the
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Borehole H26-0426 on site LMBS

Borehole site

Borehole HZ6-0326 was drilled 10 investigate the presumed extensional ENE trending
lithologica! comact between the Clarens Formation and gneisses of the Limpopo Belt. which
is discordant, but no fault zone is mapped due to quaternany cover. The contact was believed
to be tectonic in nature and was presumed 10 be a normal fault (3.2.4). The geological
boundany separates sandstones outcropping in the south from gneisses exposed in the north. In
between 1s an approximately 100m wide zone where the depth of weathering increases and a
thick soil cover is developed. Borehole H26-0426 is drilled on the geophysical raverse LMBS
on position 285m into the Limpopo rocks

Geological desceription

Borehole H26-0426 is characterised by rapidly changing lithologies. Afier penetrating a Im
thick soil cover, a 27 m thick weathered zone was encountered. Down to a depth of 17m,
weathered gneiss with varving contents of red feldspar. black homblende and green epidotne
is encountered leading to a rapid change of colours. After 17m the degree of weathering
increases and weathered clayey gneiss gives way 10 a Sm zone of brown clay. This could
represent a steeply dipping fault zone in the Beit Bridge Complex. From 23 10 28m a red 10
dark brown weathered gneiss is encountered.. with a solid 2m thick quanzite vein at 28 m
From 30 to 44m lithologies change rapidly form reddish-Brown gneisses with a high contem
of feldspar. to black and white gneisses where feldspar is nearly absent and black
amphibolites. The presence of amphibolite in the gneiss sequence could be indicative of a
metamorphosed intrusive dyke. The amphibolite facies suggests an M3 to M4 origin for the
dyke. hence s association with the Limpopo orogeny and suggests that the dyke could have
intruded into a normal fault zone. The last two meters are strongly fractured and form the
upper weathered contact for a o meter thick black dolerite dyhe. The presence of dolerite at
the amphibolite contact suggests that the dolerite intruded into a rejuvenated fault zone
Water was hit within the fractured amphibolite at the upper contact of the dolerite dyvke m
i2.5m and the blow vield was measured 10 be 0.4 I's. From 43m down 10 the final depth of the
hole. interlayered bedding of black amphibolite and gneisses with vanving contents of red 1o
pinkish feldspar. black homblende. green epidotite and quanzite was encountered. Fracturing
occurs at several depths imtenvals, all infilled with calcine. Calcite veins up to one meter
thichness were obsenved.

The presence of gneiss below the fault zone instead of sandstone suggests that the borehole
missed the suspected fault between the gneiss and sandstones. The borehole should
preferably have been drilled further south at 170 m on the geophysical transect (Figure 6-36)

The borehole was cased off down 10 29m using solid steel casing. The final blow yvield was
measured 1o be 0.41 5 and the hole was developed for 30min by airlift. The static water level is
at 26.54 mbgl
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High contents of epidotite results in the rock & whitish-greenish appearance. The lithology
remains consistent until the final depth of the hole, 108m. No water was encountered and
subsequently the hole was backfilled

Borehole H26-0429 and H26-0430 on site LMB10

Borehole site

A SW.NE running fault zone mapped on the 1:250000 geological map Alldavs formed the
site for borehole H26-0429 and H26-0430. These structures are postulated as being synthetic
strike slip shears (6.2.4). The boreholes were sited on station no. 235m and 490m on the
geophysical wraverse LMBI0. where the ¢lectromagnetic data indicates a thickening of the
conductive overburden

Geological description

Borehole H26-0429

Borehole H26-0429 was drilled imo Alldays Gneiss. The first 28m of the hole constitute of
weathered. greyish. sometimes pinkish gneiss. which is in very weathered patches slightly
clavey. Seepage was encountered at 19m, still within the weathered zone. The main water
strike was encountered a1 27m, the contact between the weathered and solid bedrock. The
vield was measured 10 be 2.11s. From 29m, solid gneiss was encountered. A dark. grevish-
black gneiss was penetrated changing a1 37m into a grey ish-pinkish gneiss and the hole stayed
within the same lithology until the final depth of 90m.

Ihe weathered zone was cased off with solid steel casing up 10 11m depth and slonted casing
being installed from 11 10 29m. The final blow vield of the borehole was 1.91's and the hole
was developed for 30min using airlift. The static water level is at 10.91 m, and is probably
affected b the slotted casing below. which encourages water loss from the borehole into the
formation. Consequently. the true piezometric surface is probably higher.

Borehole H26-0430

A 3 m thick soil corver overlays weathered red gneiss until 22m. A first water strike was
encountered at 12m, with a vield of 0.11's. The main water strike was hit at 19m at the bottom
end of the weathered zone. The vield was measured at 3.901's at 23 m. From 22m until the final
depth of the hole at 96m the lithology stayed unchanged, penetrating red solid gneiss.
However, from 67m onwards the quantz content of the rock is decreasing, while the red
feldspar component increases until the gneiss is nearly entirels made up by red feldspar and
homblende

Solid steel casing was installed from 010 13.3m. while sloned screen from 13,5 10 25m was
installed. The final blow yvield after casing the hole was measured 10 be 0.5 1's. The decline in
vield after installation of the casing implies that the slotted casing and backfilled drill cunings
sealed of the water strike. The hole was developed for 0min using airlift. The static water
level 1s 6.75 m.

Borchole H26-0421 on site LMB2S

Borchole site

Possible groundwater targets in the area are shallow aquifers in the alluvial cover along
streams and rivers on a streich where the river is northerly flowing. Therefore borehole H26-
0231 was drilled next to the Mogalahwena River into the alluy ium

Geological description

Borehole H26-0431 penetrated a thin alluvial cover of 4m, before encountering highly
weathered and fractured amphibolite. Water was hit at 6m. at the amphibolite gneiss contact
with a blow yicld of 11's. Up 10 the final depth of the hole solid gneiss was encountered with
varying content of feldspar and mafic minerals. The shallow nature of the amphibolite

T3
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e A N-S trending lincament representing a tectonic contact between Karroo sandstone
and L MB rocks proved to be dry, suggesting N-S lincaments are under present day
compression.

e Fractured amphibolites vielded some water at various targets, however, fracturing is
believed to be associated with Post-Waterberg tectonic activity. hence amphibolites
may be target when oriented E-W and associated with subsequent Karoo intrusions

e  Mapped Iithological comacts in LMB rocks are not a target as they represent Archean
10 earhv Proterozoic ductile deformation, hence are welded or transitional in nature
Unless sheared or faulted they are not water bearing

The drilling of structural targets in the research area should therefore be restricted to ENE
structures that have been active since Waterberg times. Where lower vields are sufficient. NE
trending stribke-slip faulis may be considered.

38  Test Pumping

A constam discharge test was carried out on all of the newly dnlled boreholes in order to
charactense hydraulic properties of the penetrated lithologies. to assist with developing a
conceptual model of aquifers. and 1o determine sustainable borehole vields. The test pumping
and recovery data are presented in Appendix 3-C.

Pump test H26-0426

Borehole H26-0426 had a water strihe at a depth of 42.5m (041 5). The static water level of
the hole 15 26.54 m below surface. giving an available drawdown of 16 m. The pump was set
at 41m below surface during the test. The borehole was then pumped at a rate of 0.48 I's for
30 min, afier which the water level reached the pump inlet

I'he drawdown curve shows an exponential increase on the semi-log drawdown curve and a
linear increase of slope 0.5 on the derivative curve, which suggests linear flow through a thin
dahe or a long fracture. Radial tflow conditions are never encountered, making it difficult 1o
¢stablish a transmissivity value. The aquifer is a thin near vertical structure related to the
weathered amphibolite at the dolerite contact zone. No boundaries are encountered before the
water level reached the pump inlet in the vicinity of the water strike at 13.8 m of drawdown

The recovery of the borehole was monitored for 100 minutes. The data shows that after
100min since pumping was stopped. the recovering of the water level slows down, suggesting
that some residual drawdown will remain, indicating a limited storage or extent of the aquifer.
No evidence of leakage from an overlying weathered zone is noted. hence storage is limited
and 1s limited to fractures. For this reason, a hydrogeologist must be conservative when
recommending a vield for this hole.

Calculated transmissivity values are presented in Table 3 6. The transmissivity calculated on
the basis of the early time and late time data does not have & physical meaning, as radial flow
conditions have not been established. These values are calculated for the purpose of obtaining
a sustainable yvield only

The sustainable vield calculated on the basis of the various methods i1s shown in Table 3.7
The various parameters for each of these methods are listed in Table 3.8.

Table 3-6 Transmissivity values for H26-0426
lllb-(HZ(: T oy Im7/d) Tiae |m/d] T._,,.‘...,N |m~/d|
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of 0.68 m remains. An extrapolation of recovery suggests that the borehole will not fully
recover by 11°=1_ hence dewatering scems 10 have taken place.

A step drawdown test was also conducted at discharges of 6.7, 13.25 and 250 I/s. The
resulting drawdowns were 031, 0.62 and 1.15 m respectively. These results indicate that the
B parameter is 0.00033 d'm” and that C is "' d"'m’. These parameters suggest that the
borehole is vers efficient and that efficiencies exceed 99% at the tested discharges (Appendi
3-C).

Borehole H26-0434 was used as an observation borehole for the pumping test in order to
obtain a storativity value Fracture storativity was calculated as 0.0003. The low storativity of
the fracture networks, the lack of observed leakage from an overlving weathered aquifer and
the incomplete recovens suggests that vield estimates should be conservative

Calculated ransmissivany values are presented in Table 3-9. The early time transmissivity was
calculated on the basis of the drawdown cunve from 10-170 min, a period when the derivative
curve indicates radial flow conditions. The late time transmissivity was calculated from the
period after 2880 min, after a suspected boundany was encountered. The sustainable yvield
calculated on the basis of the various methods is shown in Table 3-10. The various parameters
for each of these methods are listed in Table 3-8,

Table 3-9 Transmissivity values for H26-0427
H26-0427 ! Tovartes 1MW) T, Im*d 1 y - md |
Hoeas . wio!l b e Tl ‘.
"TISRIST Obsenation . 106) b2 ) sy
Table 3-10 Recommended borehole vields for H26-0427
Method Md
Flow charactersstic 2515
“Mate T [EL
Distance to boundary . r-
“Drawdown to bowndars TTTRY
Man. Drawdown o RO N

The sustainable vields for borehole H26-0427 is probably 750-8350 m™/d. which is nearly 10
I's. however. this value 1s considered very conservative as the pumping rate was 100 low to
evaluate boundary conditions, The FC method predicts 2515 m'/d. even though an F2 value of
S was used.

Pump test H046-0429

The borehole encounter secpage at 19 m and a water strike of 2.1 1's a1 27 m. The bedrock
interface 1s a1t 29 m. The final blow vield was measured as | 91's. The rest water level is at
10.6Im. gnang an available drawdown of 16 m. The pump was lowered 1o 29m and the
borehole was pumped for 12h at the maximum rate of the submersible pump of 2.2 |'s.

The semi-log plot of the time-drawdown curve exhibits a straight line, while the derivative
curve has generally horizontal trend. This indicates that flow is radial, which can be expected
since the aquifer occurs in the weathered zone above the bedrock contact. The many and
regular dips in the derivative cune evenn half meter of drawdown may be auributed 10 the
location of slots in the casing and zones where water rising up through the casing has
migrated ino the weathered gneiss. 10 re-enter the borehole during pumping. The aquifer can
be conceptualised as a confined weathered bedrock contact aquifer. No significant boundary
conditions were encountered, however. it can be assumed that the water level can safely be
dropped t0 19 m (8.5 m of drawdown). the level where saturation or seepage was encountered
(3.7). since this would minimise water loss from the formation ino the overlving dn
weathered gneiss.
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encountered from 3 m depth. However. this may not be the case as skin effects may have
resulted in insignificant drawdown in the adjacent formation,

Transmissivity values and sustainable vields could not be calculated due to poor borehole
construction. 1f it is assumed that the sustainable vield has a similar relationship 1o the blow
vield as the adjacent H26-0429, then a yvield of approximately 200 m'/d can be calculated
(60% of blow yield)

Pump test H26-0431

The borehole is characterised by an |im deep overburden consisting of 4 m of alluvium.
followed by | m of dry weathered and fractured amphibolite. then by wet weathered gneiss
The main water strike occurred at 6m. near the amphibolite gneiss interface and is about [ 1s
The rest water level is a1t 2,61 m, giving an available drawdown of about 3.4 m. A pumping
test was carried out at 1.0 I's for 600 min.. when pseudo steady-state conditions were reached.

This borehole can also be conceptualised as a leaky bedrock contact aquifer, with leakage
occurring from an overlyving alluvium and fractured and weathered amphibolite. Since the
aquifer is located in weathered gneiss of relatively high permeability, it can be considered
confined by the low permeability highly weathered amphibolite. Only for the first 3-5 min of
pumping does the semi-log drawdown curve follows a straight line. while the derivative cunve
is horizontal. indicating radial flow towards the borehole. Afier 3 min.. leakage commences
and by 5 min the derivative plot has a slope of -1, indicating significant leakage. After 100
min. the borehole reaches pseudo steady-state conditions at about 2,95 m of drawdown.

The recovery test shows that after 90 min. (11" =7.7), only 0.12 m of drawdown remain. The
rate of recovery appears 10 be declining. however, once drawdown is less than 1.5 m it ¢an be
assumed that upwelling water is seeping out the slotted casing into the overlying alluvial
deposits, hence recovery rates observed are less than the actual formation recovery. For this
reason, recovery was extrapolated from the recovery data until residual drawdown reached 1.2
m

The ransmissivities were calculated on the basis of the recovery data and the early time pump
test data and presented in Table 3-13. The recommended borehole vield was calculated on the
various methods and the results are shown in Table 3-14.

Table 3-13 Transmissivities for borchole H26-0431
H40-0430 | - | — T
1 50 £3

e

Table 3-14 Recommended borehole vields for H26-0431

Vethod o md
Late 1 L]
“Recovers _ 8S
" Drawdown 1o boundary o S
Flow characteristic a.
Max Drawdown b L |

The recommended borchole yield varies from 19-85m’d. The drawdown to boundan
method. maximum drawdown method and late T method are considered to be too
conservative as they based only on transmussivity and a presumed boundany effect. while
ignoring the effects of leakage. The recovery method may be 100 high as it is based on the
extrapolation of early recovery, generating a UU imtercept of 160. The Flow Characteristic
method estimates 2 sustainable vield of 42 m'd, which is likely 10 be 100 conservative given
the extent of leakage from the overburden. The sustainable yield is probably between 30-60
m’/d.

354
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An estimation of the rainfall pattern in both areas during wet and dry yvears 15 shown in Figure

3-62, Figure 3-63. Figure 3-64 and Figure 3-65). on the basis of the rainfall which s likely 1o
be exceeded in 20% and 80% of the years

The evaporation data shown in Figure 3-66 and Figure 3-67 for arca | and Il respectively is
based on the CCWR | x | minute S-pan evaporation grid for gnd point Lat 22 30 / Long 30

-

!5 forarcall and Lat 22 45/ Long 28 45 for area |

Figure 3-59 Mecan monthly distribution of rainfall

Figure 160 (Left) Median monthly rainfall grid for area |

>

Figure 3. (Right) Median monthly rainfall grid for arca 11

. n e - e " “-n E Ll _-w m -. »
Figure 3-62 (Left) Estimate of wet period rainfall (rainfall is likely to be exceeded in 20%, of

the vears) - arca |
Figure 3-63 (Right) Estimate of wet period rainfall (rainfall is likely to be exceeded in 20%
of the yvears) — arca 1l
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Figure }.64 (Left) Estimate of drought period rainfall (rainfall is likely to be exceeded
8$0% of the vears) —area |

Figure .65 (Right) Estimate of drought period rainfall (rainfall is likely 1o be exceeded in
S0 of the vears) = area ll
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Figure 3-66 (Left) Mean monthly distribution of evapotranspiration at Lat 22 45° and Long
I8 48

Figure 5.67 (Right) Mean monthly distribution of evapotranspiration at Lat 22 30° and
| ong RN &

3.11  Hysdrogeological Evaluation

The arca exhibits a poor histonical success rate with 10%01 boreholes vielding water
vielding more than 0.1 Us. Borehole yields fall mainly in the category between 0.01 and | 1's
69% study area | and <3% study area I1). with the median vield of successful boreholes bet
Iv 0.39 I's. Only 13% of boreholes vield more than 2 I's. Dy boreholes as well as b
elding boreholes have been drilled in all lithologies and are not restricted 1o anv specific
rock 1y pe

The aquifers of the Limpopo Mobile Belt are predominantly structurally

significant water movement is restricted to major fracture and fault zones. primarils
ecent (Post Karoo) ceodvnamics. These structures can be extremely |
generate blow vields in encess of 01s Inn any nstances the distance
> Noaliveg 18 1 ZONC, SINCC Mans rers te .4 10 W« ] W O SUFUCTUISs When e\ eV Iale or
g-leg from the northerly surface topographic gradient. The highest yviclding boreholes are
3

drilled imto ENE sinking features., the orientation considered as extensional in nature

However. the scale of the feature shows a strong influence on the vield of the boreholes, with

regional scale tault having a far better groundwater potential than loca!l scale structures

In some localities siemificant weathered zone bedrock contact aquifers also exist where deep
Y T ” ’ r e

weaathenng s present The recovery « hese 1.1..:lc:~ alter WMPINE SULLCSIS that they are

extensne in nature and that flow s radiel. However. Icahage from the overlving saturated
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weathered zone appears to be restricted 10 zones where an overlving alluvial aquifer exists.
The exploitation potential of such aquifers will therefore be ultimately controlled by recharge.

There is no evidence of any aquifers at the contact between different lithological units of the
LMB as these comtacts have been deformed and metamorphosed in a ductile manner.
Lithological contacts between LMB rocks and Karoo or Waterberg Soutpansberg rocks are
tectonic in nature and have been subjected 1o extensive post deposition brittle deformation by
norma! faulting. This faulting appears 10 be associated with a dense fracture network on 2
macro scale and parallel secondary faulting characteristic of tensional block fauling.
Consequently, these targets provide the best groundwater potential in the region. Other studies
have suggested these targets could yield up to 1 million m’ per annum per kilometre (Favazi
& Orpen, 1989), however, Verhagen and Butler (2000) estimate the exploitation potential as
an order of magnitude less.

The water table in the area is relatively shallow with an average of 24 m in area |. Water
strikes are generally within 20 m of the water level. Water table as well as water strike depth
vary over a wide range, with very shallow strikes and static water tables being present along
the Limpopo and other streams dissecting the area. In the solid bedrock fault structures water
strikes and levels appear to be deeper. In general. the water strikes occur deeper than the
recorded static water level and the aquifers are considered to be of confined nature. 3086 of
water strikes occur within 36 m, which suggests that historically water strikes in the shallow
weathered aquifers may be the cause of low yields. Deeper water strikes are encountered in
the high vielding tectonic structures. both due 1o extensive fracturing and confining pressure.

After Enslin’s regional rainfall recharge relationship for summer rainfall regions in South
Africa (Bredenkamp et al. 1995), the study area experiences recharge in the order of 2.5% of
MAP. or § mm. Recharge was also estimated by the relationship developed by DWAF and
modified by Sami & Murray (1998) for granitic aquifers:

R=(MAP) 20000 [mm]

This formula yields a recharge estimate of 5.3 mm for both research areas. Based on isotopic
studies in the Taaibosch faul, Verhagen and Butler (2000), estimated recharge 10 be 4-6.4
mm. however. this estimate was derived from an arca with extensive Karoo sandstone
outcrop, hence recharge may be higher than in the area underlain by Quaternany sands over
LMB rocks.

Large variations in C| concentrations (41-2825 mg'l) suggest that recharge is highly variable.
The lowest chloride values appear in the high vielding ENE structure (H26-0434), indicating
that the fault zone receives the most recharge due 1o the presence of Karoo sandstone outcrop
along its length. Assuming a rainfall Cl concentration of 0.6 mg'l, the lower figure suggests
that recharge 1s about 3 mm a for the aquifer feeding the ENE trending fault zone (H26-0426).
Clvalues of 110-308 mg 'l from the weathered zone aquifer suggest recharge of 1-2 mm/a

Based on the above. recharge 1o the Quaternary covered LMB aquifer is considerably less
than 5 mma. with up 10 § mma for the southern region supplying the fault zone. This
suggests that regional exploitation potential is probably less than 2500 m /akm".

Appendix 3-D presents the summarized results of the laboratory analyses for all sampling
pomts. The water samples from all successful boreholes are graphed in so called Schoeller
diagrams. tri-linear Piper diagrams and Stuff diagrams. The ambient water quality is generally
of the Mg/'Ca-HCO3 nype. Enriched Mg and HCO3-Cl indicate recent!y recharged water in a
low recharge enmvironment where base exchange in the weathered mafic overburden has
resulted in elevated magnesium levels at the expense of other cations.
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3 Full expioration based on structural mapping, LANDSAT and aerial photo
interpretation. geophvsical exploration using the most appropriate method under the given
hvdrogeological condtions.

This scenario is based on the methods used for this project. where a MAX-MIN syvsiem was
used due 10 advantages of depth of penetration in conjunction with the resistivity sounding
method and the magnetometer. Boreholes were sited on structural features. such as
lineamemts. faults and brecciated zones and on deeply weathered rock profiles identified in the
field. Nine holes were drilled of which 6 were successful. Costs were extrapolated in order to
determine the costs 10 establish 10 vielding boreholes in order 10 compare the results 10
scenario 1.

The estimated costs for all two scenarios are shown in Table 3-16. The costs are based on the
Council for Geoscience rates and man-hours expected during the investigation,

Table 3-16 Approx, costs 1o establish 10 vielding boreholes according to scenarios 1 and 2

CITEM “Units | Rate | Scemario | “Scemariol Scenariod
| | 1 | Qi | Cost o | Cost
CDesh Study" 3 Day 1600 R O 1 TRO00
EMM survey” X | Da 1500 | G 13500
Max Minsuney' | P Day | 350 | | 73 8750
"Resistvity surves: | L TDay TINGTTT | 173 18730
~ Geophysical 0 Tu [CI. | IR ix | 3500
interp. R | | |
Accommodation A "Day 1% ‘ o 1350 (K 2250
"TANDSATimage® |V Each (30 1 T T30
~LANDSAT interp ] mterp. |} Dam | 1300 1 1 I 3000
Structural o Da | 1% , 3 W50
_mapping ‘ '
Sab  total - 0 21850 62400
Faploration | |
“Community Tir T |25 | 250 37| 2700 (L 1500
liaison® | = |
" Drilling" Hole 11000 | 3§ | 275000 | 27 | 297000 | I8 165000
“Drill supervision | Day | 1000 ] 38 | 34000 | 3% | 37000 ] 15000
TOTAL 1 T30S0 | 23500
" Per successful site 30280 IR SN0
Nledian vield Ls 039 . 101 19
RS per site 1 b I | 348550 6281
1" Review of 1opographical and geological maps and geological reports
2° At 1h per drilling site
3 AU wehnician and one labourer and 3 borcholes sited per day . mcluding magnetometer suneys
4 AL 2 echmiczans and 2 borcholes sited per day imcluding magnctiometer sunveys
£ Ar 2 wehmicans and 2 borcholes sited per day

6 Ar 22% recovenn per usage of R1IOK0 per 180 x 180 km image and R1200 in man-hours for co-ordinate
regisiration

T Field mupping of owscrops and acrial phoso inerpretation

8. Casing costs are not considered as 1t 1s assumad that only successful borcholes would be cased. which would
result an sisalar casing costs for all scenanos

9 According 10 the success rate of 4(Fg

100 Agcording 1o the success rase of 67 achieved during this investigation

Table 3-16 shows that with a larger budget for exploration the costs per successful site will be
about R3300 less than without any exploration. This can be attributed that the fact that the
success rate was not dramatically increased.

A substantial cut in costs in terms of water production expressed as R'1's can be achieved by
an exploration programme. Historic success rates have resulted in an expenditure of
approximately R30250 for the establishment of each successful borehole. In comparison, an
exploration budget of R62400 could result in an increase of median yield from 0.4 I's 1o up t0




-
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36 I's. which brings down the costs for the water production from 773564 Rl's in case of
random drilling 1o 6253 R1s. However. a lower median vield would be achieved if known
existing high vielding faults are not included.

Geophy sical sunveying resulted in significantly higher costs per successful site and for water
production due to the low success rates and median vields achieved. This can be attributed t«
anomalies being drilled that did not reflect water bearing features

his analysis suggests that improved exploration results in significantly improved yvields and
success rates. which considerabls lower water production costs. The relativels high median
vield achieved under this project suggests that water supply svstems in the area could involve
hand pump and wind pump schemes as well as reticulated systems, however, the low recharge
rate suggests that reticulated schemes require careful monitoring

3.13  Conclusions and Recommendations

I'he following conclusions can be drawn from the rescarch area

e Field structural analysis shows that the joint orientations in the Limpopo Mobile Belt
lithologies are distinctly different from these in the Karoo-age cover and intrusive
lithologies due 10 Pre-Karoo geodynamics. The joints in the Limpopo Mobile Belt mostly
dip steeply and are oriented NW to N, suggesting E-W w0 NE'SW extension. or E-W
shearing The regional geody namics (6.2.3) suggest that extensive ENE shearing occurred
prior to Waterberg times (2.0 Ga.). hence pre-Waterberg shearing associated with the
emplacement of the Central Zone of the Mobile Belt is the responsible mechanism.

e Subsequent or more recent tectonic events are superimposed in the Limpopo Mobile Belt
structural geology. but are difficult to define due to the various ages of joint structures
The joims in the Karoo-age sedimentary rocks and basalts only record tectonic events that
occurred in post-Karoo times. hence they provide information on structures in the
Limpopo Mobile Belt that are of interest as hydrogeological targets. These all dip steeply
and are onented E to ENE in area I and ESE and NE in area 1. suggesting N-S extension.
and are associated with uplift and block faulting. Consequently it 15 fractures with
orientations similar to those preserved in the Karoo-age lithologies that are likely to be
more open and which therefore represent the best structures for ground water exploration

e Lineaments in both study arcas are primarily onentated in an ENE-WSW direction and
are associated with normal faults related 10 block faulting. These targets are the most
favourable hydrogeological feature in the region and vields of up to 50 I's can be obtained
from regional structures. A second complementany antithetic WNW-ESE trend is
apparent. howeser, these are strike=slip structures and have a lower potential

e A comparison between the geological map of the study area and the lineament orientation
reveals that the majority of linecaments were picked along boundarnies of differem
geological formations, As lithological boundaries within the Limpopo rocks itself are not
particulariy be considered a groundwater target. lineaments have to be taken with caution
and examined in the field for their hydrogeological significance.

e Discharge tests carried out in the rescarch area | indicates that a significant weathered
zone aquifer exists. with vields of up 10 4 |'s. Test pumping recovers suggests that this
aquifer 1s extensive in nature. Deep seated fractures are only an aguifer when part of a
regional fault structure.

e Regional scale fault lines can be picked up effectively with the magnetic and the Man-
Min systems. However. smaller scale faults cannot be casily located by magnetic or
electromagnetic methods where significant quaternary coner exists.

e Lincaments. which do not simply reflect geological contacts of different lithologies are
scarce scares in both areas. Target identification requires differentiating between
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lithological and tectonic conmtacts. Lithological contacts investigated left no impact on
none of the geophy sical methods applied. unless associated with faulting

e Magnetic structures are commonly found in both study areas and are easily detectable
with the magnetic method. Caution has 10 be taken in terms of the geological origin of
magnetic anomalies. as anomalies can result from dolerite and diorite sills and dykes,
amphibolites. and variations in mafic content in LMB lithologies. The magnetic structures
seldom had an associated anomaly on the EM profiles. implying that there might be no
weathered zone accompanying these structures, which would impact on their
hydrogeological importance

e Electromagnetic borehole siting has been shown 10 be ineffective in the region, since
success rates are similar to those obtained by random drilling (Vegter. 2001). Anomalies
can be antributed to variations in weathering in the deeply weathered profiles. This proved
10 be the case in spite of supporting resistivity, VLF, magnetic. and seismic refraction
profiling.

¢ From the exploration drilling it is evident. that regional scale dip-slip normal faults are the
most important water-bearing features in the study area. with the most important of these
being rejuvenated shear systems. Small-scale faults can be successful. but have a poorer
groundwater potential. An additional aquifer is found within the alluvial deposits
accompanying streams. which can be tapped through the underlying fault system.
Consequently. regions where streams dog-leg in an casterly oriemation are the most
promising points. Lithological contacts as well as dyke or sill structures were found to be
either not water-bearing or vielded only small amounts of water. The contact between
overlyving Karoo Sandstone and LMB rocks, which is a significant unconformity, appears
10 be dry. unless encountered at an ENE tectonic contact. Deeply weathered overburden
acts as an additional aquifer where deep weathering has resulted or NE or NW faults,

e The financial analysis suggests that improved exploration results in significantly
improved vields and considerably lower water production costs. The relatively high
median vield achieved under this project suggests that water supply systems in the area
could involve hand pump and low density reticulated systems

The results suggest that the Limpopo Mobile Belt is a poor aquifer due to marginal to poor
water quality (class T1-111) related 10 nitrate levels, low recharge and the extreme heterogeneity
in targets, Low success rates exist concurrently with very high vielding features, however,
these are restricted 10 mainly regional scale fault zones. Smaller fault zones and alluvial cover
along the streams provide a more limited aquifer. Consequently. water abstraction will have
to be reliant on regional abstraction systems from identified structures and reticulation 10 the
point of need. Fortunately, the flat topography does not hinder reticulation.
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PRETORIA 0001
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clayey Overtwrden

:Damp, highly weathered,
brown, slightly clayey

‘Wet,  weathersd and
fracured,
medium © coane prained
BASALT wih pyriee,
calcie wfillngs @ fasores

‘Wet, highly weathered,
brown, clayey BASALT

‘Wet, weathersd  and
fracsured, brown,
groenish o
reddish, BASALT. wik
quar: isfillangs

Wes, hughly fracsured,
light brown w© whinsh
QUARTZITE, cutting up
10 Scm in size

NOTES

1) Seepage at 11m and 18m

2) Waser strike a1 55m

CONTRACTOR
DRILLED BY
DRILL METHOD
SAMPLING

LOGGED BY

SETUP FILE : STANDARD SET

: DWAF
: M1, Mabass
: DTH HAMMER

: BLOWN CUTTINGS

: L. NEUMANN

INCLINATION :
DIAMETER :
DRILL DATE :
CASING TYPE :

DATE :
TEXT :

Vertical

165 mm

2 Ocwber 2000
4.5 mm seel

260101 10:1)

CADOTPLOT\DATAH26-0434 TXT

ELEVATION - T17m
COLLAR HEIGHT
BLOW YIELD : 17 1%

HOLE No: H26-0434
Gonogme 311 MK
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H026-0434 Obervation for H026-0427
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APPENDIX 3-D

ANALYTICAL RESULTS OF THE WATER SAMPLES



— Schoeller Diagram l

Schoclier Diagram

- 400 400 400 400 00 400 400 <0 -
s H216-0426
L1 | 500 300 100 300 300 300 300 = maiaad —
H26-0429
200 200 200 200 2200 - 200 200 200 '

H26-0430

: 1 ‘ 1 H216-0431
. 100 00 0o - 100 . 100 . 100 £100 1004
l:: ' "'U W L 90 1 ~lt(_ Jm " 90 4 H26-0434
LS80 80 L 80 L 80 A S0 LS80 + 80 sS04 ma b




Well Ident | STIFF Diagram l

Name Ty
H26-0429 H26-0429

Milliequivalents per liter
10 8 6 4 2 0 2 B 6 § 10

] |

Ca : HCO0,+CO,

Cations
: Ca f Mg | Na K ' Fe
| Milliequivalents per liter | 3.65 l 5.43 ' 443 | 008
Milligrams per liter | | {
|
Anions ]
. HCo3 | o3 504 a | nNoz |
Milliequivalents per liter 8.00 0.74 3.09 2.67
| |
| Milligrams per liter l ‘ l l 1
BOD ‘ coD Dissolved Oxygen F B Si02
S S P ‘
TDS ] Hardness Alkalinty | Conductivity | pH | SAR
$00.00 122 £.00 128.00 7.69 2.0791

W T - 'Ca'.ons.e:)m,a Anions (epm)
ater 1ype Magnesium Bicarbonate 13.56 14.50

— | Error Balance (%]
Aquier , 3.35
Gneiss .




Well Ident | STIFF Diagram l

"‘a me . -

H26-0431 H26-0431

ype

Milliequivalents per liter
20 15 10 S 0 § 10 15 20

Cations
Ca Mg Na K Fe
Milliequivalents per lier | 550 | 711 i 8.70 0.16 |
Milligrams per liter l
Anions
HCO3 | CO3 S04 | Cl NO3
Milliequivalents per liter 10.20 | 121 | 8.69 ' 2.94
|
Milligrams per liter '
|
800 COD Dissoived Cx,;eln E | B [ Si02
TDS Hardness Alkalinity | Concuctivit pH SAR
1264.00 2.53 10.20 185.00 7.54 3.4648
' o g [Catons (epm) | Anions (epm
Ly Sodium Bicarbonatel i 23.04
T — Error Balance (%)
\quiter 3.53

Gneiss




Mnr L Neumann

- ) ; ARC: INSTITUTE FOR SOIL, CLIMATE AND WATER
i ——— : LNR: INSTITUUT VIR GROND, KLIMAAT EN WATER
ARC *LNR  Prvate Bag X795, PRETORIA, 0001
PBag X112 Pretoria Tet (012) 210 2500
0001 Fax: (012) 310 2500
Tel: 012 6411458 Date / Datume  C201/2001
FawFaks: 012 B4 P
ERt A WATER 200001 2278
Sender ID: H26-0426 Lab. No: W2041
pH pHS SAR Electric Conductivity
7.22 6.36 5.73 |839.00 mS/m =25%
ANIONS mg/l mmol(cM CATIONS mg/l l mmol(c)l
Fluoride (1.5) 0.00 0.00] | Sodium (400) | 733.00| 3167
Nitrite (4.0) 0.00 0.00] [Potassium (400) | 32.74 084
Nitrate (44.0) 428.50 “69 [Calcium (200) 260.00| 13.00|
Chloride (250) 2825.24 79551 | Magnesium (100) 595,00, 48 aﬂ
Sulphate (500) 738527 15.32] |Boron (1.5) I 0.89 027
Phosphate 47.98 1.02 . - |
| [Carbonate (20.0) | 0.00 0.00) | ‘
; Bicarbonate 622.20 10.20 ' 5
; Subtotal 4659.28| 113.04] [Subtotal | 1621.73) 9401
|
l Sodium Carbonate 0.00 000 | Total |  6281.00
Sodium Bicarbonate 0.00 000 |Less (*) 3111
Alkalinity 510.00‘ 10.2 Total disolved 5069.
Temp. Hardness 510.00] 10.20; Solids
Perm. Hardness | 2600.28| 5201

* Correction for any volatile substances, HCO32 or

HCL « HNO3 + HF + ........

() Figures in brackets are the recommended maximum values for human use in mg”




Rang vir Geowetenskap

P/Bag X112 Pretoria

A

———
RC*LNR
Te |

Frivate Bag XTR PRETORIA 0001

3001 Fax: (012) 310 2500
Tel: 012 85411458 Date / Datum: Q20172001
Fax'Faks: 017 8&1°0 REPORT NO:
VERSLAG NR; WATER 200001 2276
Sender ID: H26-0430  Lab. No: W 2040
pH | pHS SAR Electric Conductivity
766 | 7.46 | 515 [199.00 mS/m @35 |
ANIONS mg/l mmol(c)/l CATIONS mg/l mmoil(cyi
Fluoride (1.5) 221| 0.124 | Sodium (400) | 271.00 11.78
Nitrite (4.0) .00/ 0.00] | Potassium (400) | 1.98 0.05)
Nitrate (44.0) | 36%9.22 5561 | Cailcium (200) 5 49.20 145
Chiloride (250) 296.201- 8341 |Magnesium (100) 97.50 6.02
Sulphate (500) 6177, 129] [Boron (1.5) , 0.73 020
Phosphate | 505 0.11 |
Carbonate (20.0) | 0.00 o . I
Bicarbonate [ §30.70 87
Subtotal | 126515,  2451] [Subtotal ; 420.41 251
Sodium Carbonate | 0.00 0 Total 1685.0(1
Sodium Bicarbonate! 0.00! 000 [Less (*) 265.35
Alkalinity : 425.00, 870 Total disclved 1419.6 ,
Temp. Hardness | 435.00 8.7 Solids 1
Perm. Hardness | 99.03 1.96

* Correction for anv volatile substances. HCO3/2 or

HCL ~HNO3 + HF +

() Figures in bracheots are the recommended maximum values for human use in mg/]




Vinr | Neumann
Raad vww Geowelenskap

PBag X112 Pretoria

Ty ARC: INSTITUTE FOR SOIL, CLIMATE AND WATER
\___~ ~ LNR: INSTITUUT VIR GROND, KLIMAAT EN WATER
ARCLNR  PrateSag X756, PRETORIA, 0001

Tel (012) 310 2500

() Figures in brackets are the recommended maximum values for human use in mwl

com—

0001 Fax 012) 310 2500
Tel: 012 BS411458 Date / Datum: 0201/200
FaxFaks: D12 8411201
¢ - REPORYT NO: .
VERSLAG NR: VATER 200001 2276
'Sender ID; H26-0431 Lab. No: W2042 - ‘1
pH pHS SAR Electric Conductivity .
7.54 | 6.74 346 18500 mSim =35 l
ANIONS mg/ mmol(c)/l | | CATIONS mg/l | mmol{c\ j
Fluoride (1.5) 0.81 0.04} | Sodium (400) 200.00 &.70]
Nitrite [4.0) 0.00 C. Potassium (400) 6.17, [7) 16]
Nitrate (44.0) 182.47 254] [Caicium (200) 110.00] £ 50| l
Chieoride (250) 308.41 & Magnesium (100) B8.50| m
Sulphate (500) £8.07 121} | Boron (1.5) 0.42 0.12]
Y Phosphate 1.58 0.
z Carbonate (20.0) 0.00 0.00]
Bicarbonate 622.20 10204
Subtotal 1173.54) 23124 [Subtotal | 403.09 21
Sodium Carbonate 0.00| 0 Total 1576.0(1
Sodium Bicarbonate 0.00/ 000f [Less (*) 31110
Alkalinity 510.00 10. Total disolved | 1264.
Temp. Hardness §10.00 10.20] Solids [
Perm, Hardness 126.50 253
® Correction for any volatile substances, HCO32 or HCL + HNO3 + HF + ...

[E——
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FEIVAATEA
PRETOR:A

A
Vide

DATUM: 20/11/00

i L S ———

MOKSTER

TER

KENMERKE VAN HOUER: H26-0429 LAB NOMMER: wWO2001 2000/01
RESULTATE: e/ con me/ 1 Sper

Fluoriee (1.5) 0.1 2.02 Natrium (402) &.4&3 102.00
Nitriat (& 0' 0.00 .00 Dl :50:) 0.05 1.8
Nitraar (&2.0) 2.57 168,52 alsium (200) 1. K% 73.00
nle=ted (2%0) 3.08 109.78 Magnesiue (100) £.43 66.00
. V4aatr (500) 74 35.48 3ccr (1.5) 0.1 0.49

Fosfaat
Karbonaat (20.0)

Fikarvonans

Subsctmaal 14,57

Aa Karbonaat ¢.00
N2 Stwarbonaat
a ns

Ala’i T teis

neen

® Korreksie vir efige VIUgtig

() Aarbeves ce maksimar

wlBarde v

Vele

 ST0wee,

w03/

- manse "

263.36

1044.10
Min () 284.00
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Well Ident | STIFF Diagram I

‘Name ) Ty
H26-0434 H26-0434 |

Milliequivalents per liter
10 8 6 B 2 0 b 4 6 8 10

— —

Ca |HCO,~CO,
|
Mg 'S0,
J
Na<K ‘ 1
be INO,

Milliequivalents per liter .61 3.30 2.65 0.05
Milligrams per liter |
B Anions ?
HCO3 | €03 so4 |« NO3
Miilliequivalents per liter | 580 | . 0.28 1.18 1.43
_ | =1 !
Milligrams per liter " |
BOD coD | Dissolved Oxygen F g ] 502 1
TDS Hardness | Alkalinity Conductivity pH SAR
476.00 0.24 5.80 80.00‘1_ 7.80 1.5416

: = ) [Cations (epm) | Anions (epm)
Vater Type Magnesium Bicarbonatel L 8.61 8.69

Error Balance (%)
Agquifer

0.46

Quartzite




Well Ident STIFF Diagram I

N -

H26-0430 H26-0430 |
\lillie(_]‘ui;;l:nts per liter
20 15 10 L 0 ) 10 15 20
Cal R HCO,~CO,
Mg! ’,51::::__._. SO,
i / j
Na+K]| ' Cl
| L=y
/
Fe r__;d' NO,
|
;
w—
Cations
Ca Mg } Na K _ Fe
Milliequivalents per liter | 2.46 802 | 1178 0.05 |
Milligrams per liter
Anions
HCO3 Cco3 S04 cl NO3
Milliequivalents per liter 8.70 1.29 8.34 5.96
Milligrams per liter
80D COoD Dissolved Oxygen F B S02
TDS Hargness ..--«'; ’:_‘ _:'3;:.,:'.'~.’\ - ;——’ - SAR |
1419.00 1.98 8.70 199.00 7.66 5.1461
7‘ T—: - 1 (Cations (pm) | Anions (epm
T Sodium Bicarbonatil 2231 24.29
T — — Error Balance (%)
Aquiter 4.25

Gneiss




STIFF Diagram

Well Ident

Name vry pe

H26-0426 Bh

Milliequivalents per liter
100 80 60 40 20 0 20 40 60 S0 100

Ca 'HCO,+CO,

Cations
| ' Ca | Mg | Na K | Fe
| Milliequivalents per liter | 13.00 | 4893 | 31.87 084 |
Milligrams per liter | : | -
- J
Anions J
HCO3 | €03 ]] so« |« N ‘
Milliequivalents per liter 1020 | 15.32 79.58 6.91
Milligrams per liter | ‘
BOD | cOD Dissolved Oxygen F ;. z ‘ si02 |
TDS : Hardness ! Alkalinit g Conductivi ' pH SAR l
£969.00 52.01 10.20° 839.00 7.20 5.7273

. Cations (epm) | Anions (epm) |
Water Type Magnesium Chloride I 94.64 112.01

- Error Baance (%)
iAqurfer . 8.41 I
Amphibolite ‘
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oo

AW an 1es SO
JATUM: 20 o
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R MONSTER

VAR NOMMER; WI2002

-~ e
Yu/

RESU_TATE: me/ cpm w1 dom
—

Fluoried (1.5) o.M .10 Katrtur (800) 2.65 60.50

Nsriet ( .00 C.00 Kalvum (£02) 0.05 2.0

Nisraat ( J
Chioried (250) 1.18 41,
an a

< Magnesum {(100)
Scifaar (S .2 13,62 Boor (1.5) 0.13 0.4
Fosfaas .00 .00
Karbonaat (20.0) 0.00 0.00
Bi«aroomant £.80 353,60
Subrotaal E.70 457.7% 8.74 155.67
ctaa £83.40
Mam (= 176.5Q *
Totale Dogeloste Stowwe £76.%0
Na Karbonaat .00 o Tyd Hardhed £.80 250
Na 3tarbonaat .00 0 Sere Ha~dresc c.24 12
Alkaltett $.80 230
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APPENDIX 3-E

HYDROFRACTURE
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12.06:58 1207:43 12.08:29

Locality: Lappidood - Alldays
Date: 16/02/2001

Waterlevel: 7,60m

120914 1210:00
Tme

DWAF - Geohydrology

N —

" | | |

|
1210:45

Borehole no: H26 - 0430

|
1211:31

WaleiPressuie

PackerPressur
InjectFlow
Pump1Speed
Pump2Speed
IngectVolume

Packer Setting: stradle packers - target 17,5m to 20,5m

Borehole Depth: 96,0m




D S S—

| an
0 | T T "[L' L | 1 |[A By |
131227 131303 131338 131414 131449 131525

Time

|
|
l
|
|
|
4

DWAF -- Geohydrology

Locality: Lappidood - Alldays
Date: 16/02/2001

Waterlevel: 7,60m

R .

Borehole no: H26 - 0430

|
1316:01

WaterPressure

PackerPressur
InjectFlow
Pumpl1Speed
Pump2Speed
InjectVolume

Packer Setting: stradle packers - target 32,5m to 35,5m

Borehole Depth: 96,0m




Drawdown (m

"
-

&

o0

H26 - 0430 Lappidood
Drawdown and Recovery Test

10 100
Time (min)

Drawdown Pre Test |
Recovery Pre Test |
Drawdown Post Test

Recovery Post Test |
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i

0= T T
031225 091249

|
031313

Locality: Weg van My - Alldays

Date:  20/02/2001

Waterlevel: 3,32m

1
021337 031401
Time

DWAF - Geohydrology

Borehole no: H26 - 0431

WaterPressure
PackerPressur
InjectFlow
Pump1Speed
Pump2Speed
InjectVolume

Packer Setting: stradle packers - target 35,5m to 38,5m

Borehole Depth: 66,0m




Drawdown (m)

H26 - 0431 Weqg van My
2 hour Constant Drawdown and Recovery Test

. 4 —
.* iy
/ %
& by
. N\ 1.33Us
-~ \
\
\
1.33L/s
T \ " Y
1 10 1HWo
Time (min)

~e Drawdown Pre Test
Recovery Pre Test

- == Drawdown Posl Tesl
Recovery Post Test
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o4 | | |
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- ‘ ‘ l
0= e | |
_- 5 I |
0- i
0| | |
- : |
0 | I
ol ' |
0= = T | T
1:.05.26 11:06.08 11:06:49 11.07.31 11:08:12 11:08:54

Locality: Lappidood - Alldays
Date: 15/02/2001

Waterlevel: 12,72m

Tme

DWAF -- Geohydrology

Borehole no: H26 - 0429

WateiPressure
PackerPressur
InjectFlow
Pump1Speed
Pump2Speed
InjectVolume

Packer Setting: stradle packers - target 65,5m to 68,5m

Borehole Depth: 90,0m




H26 - 0429 Lappidood
2 hour Constant Drawdown and Recovery Test

Drawdown (m

1 10 100

Time (min)

| 3
' —— Drawdown Pre Test |

Recovery Pre Test |
| = — Drawdown Post Test
‘ ~ . Recovery Post Test |




| i '
" | ’. ' ‘ ! — WaletPressure

.- :! . i -

1 | | || — PackeiPressu
0- | '! | = Pump1Speed
0~ | | | = Pump2Speed

] | | i | — IniectVolume
0~ : . | |

_! : | | |
0- 3 -: i | i

- l i l ! |
0 I | | i < |

- | |
0- | :,
io_:f 5 | |

1 | | |
0- | |

- , '

- . : |

o |
0 ' l l ' | v 1 i |
14:35.16 14:35:53 14:36:30 14:37.07 143744 14.38:21 14:38:58

Time
DWAF - Geohydrology
Locality: Juniorsloop - Alldays Borehole no: H26 - 0426
Date:  21/02/2001 Packer Setting: stradle packers - target 41,5m to 44,5m

Waterlevel: 26,13m Borehole Depth: 96,0m



WateiPressuie
| i . = PackeiPressu
j l, = InjectFlow
| | — PumplSpeed
| = Pump2Speed
| % — InjectVolume
. N |
I —
- y l ] ‘
_Q‘ Ma_a ! f |
0=— i | l ' T ] ' |
53213 153243 153313 15:3343 15:3413 15:34:43 15:35:13
Tme
DWAF - Geohydrology
Locality: Juniorsloop - Alldays Borehole no: H26 - 0426
Date: 21/02/2001 Packer Setting: stradle packers - target 59,5m to 62,5m

Waterlevel: 26,13m Borehole Depth: 96,0m




Drawdown (m)

20 |

X

60

H26 - 0426 Juniorsloop
Drawdown and Recovery Test

——

———— Drawdown Pre Test
Recovery Pre Test
— Drawdown Post Test
Recovery Post Test

l

Time (min)
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Locality: Juniorsloop - Alldays
21/02/2001

Walterlevel: 26,13m

| ]
150337
Time

DWAF - Geohydrology

Borehole no: H26 - 0426

15:04:10

WaleiPressure

PackerPresswu

ImectFlow
Pump1Speed
Pump2Speed

InjectVolume

Packer Setting: stradle packers - target 47,5m to 50,5m

Borehole Depth: 96,0m




{ i
0 ( : WateiPressure
; : PackerPressur
% ; InjectFlow
| | Pump1Speed
1. | Pump2Speed
f ‘ InjectVolume
‘ 2
i ' !
3 ;
- i |
| |
| |
| |
l
-
' l
| |
I | I I I
J3.28 14:04:.08 14:04:48 14:05:28 14:06.08 14.06: 14:.07:27
Time
DWAF - Geohydrology
Locality: Juniorsloop - Alldays Borehole no: H26 - 0426
Date:  21/02/2001 Packer Setting: stradle packers - target 35,5m to 38,5m

Waterlevel: 26,13m Borehole Depth: 96,0m




WaterPressure

: | | '
| F ‘ ’ | =~ PackeiPressur
| | 1 = InjectFlow
E | i = Pump1Speed
i : 1 ‘ —
‘ E ! .: ’ Pump2Speed
. ‘ r |
f ! ; —  InjectVolume
|
| | | |
': | |
1 l
ples . : |
I | | ™
u | i | |
| | | @ |
| | //\M : |
o e .
- s !
r | rl | |
! | ' :
| ! ]
| ] .
L L ‘ T 1 i i | 1 |
324 11:4354 11:44:23 11:4453 11:45:22 11:4551 11:46:21
Time
DWAF - Geohydrology
Locality: Lappidood - Alldays Borehole no: 126 - 0429
Date: 15/02/2001 Packer Setting: stradle packers - target 74,5m to 77,5m

Waterlevel: 12,72m Borehole Depth: 90,0m




Locality: Lappidood - Alldays
Date: 158/02/2001

Waterlevel: 12,72m

DWAF - Geohydrology

-1 ' | ' | T ] T T
0257 10:03:43 10:04:29 10:05:15 10.06:01 10:06:48
Time

Borehole no: H26 - 0429

|
|
|
]

10:07:34

WalerPiessure
PackerPressur
InjectFlow
Pump1Speed
Pump2Speed
InjectVolume

Packer Setting: stradle packers - target 44,5m to 47,5m

Borehole Depth: 90,0m




l --] 1 ’ | | - WateiPiessure
i | ’ ‘ , = PackerPressu
| l ; | = IniectFlow
’ f ‘ = Pump1Speed
' | | = Pump2Speed
! ‘ — IniectVolume
l l !
l l
| | | |
] | | B =
| l § |
! |
! | | ‘
| f ;/\/J\\/\A‘\‘ | |
— _JI__,, —~ | ' R ; |
| | | ' i
| | B ml |
:38 094303 09:43.28 09:43.53 034418 0944:43 09:45.08
Time i -
DWAF -- Geohydrology
Loecality: Weg van My - Alldays Borehole no: H26 - 0431
Date: 20/02/2001 Packer Setting: stradle packers - target 47.5m to 50,5m

Waterlevel: 3.32m Borehole Depth: 66,0m




WalerPressure
"] | | | | = PackePressu
x ; | ;
0} | A | || = InectFlow
0| ; ] e —) | — ; = Pump1Speed
0=} | | _ || = Pump2Speed
' | 3 | — InjectVolume
O-J .
0~ ; ‘
.{ l
|y Y i
0~ :
. 4
0-3 | |
o_l . ) — }\L - Z
| o™ | |
-x AA
. | - |
D | ] 1 1 . ALA_ o | 1 1 ] ] | |
9:42:38 03:43.03 03.43.28 09:#3:53 034418 09:44:43 09:45.08
ime
DWAF - Geohydrology
Locality: Weg van My - Alldays Borchole no: H26 - 0431
Date:  20/02/2001 Packer Setting: stradle packers - target 47,5m to £0,5m

Waterlevel: 3,32m Borehole Depth: 66,0m
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4 BARBERTON GREENSTONE BELT

4.1 General Setting

4.1.1 Site Localin
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Figure 4-1 Locality map of the study area
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4.1.2  Topography

The Barberton Greenstone Belt can be divided into the Barberton Mountain Land, which is
characterised by highly complex. rugged topography, and the Lowveld region. which is
generally rugged with ridge and valley morphology. This morphology can be anributed 1w
differential erosion within a volcano-sedimentary greenstone terrain, where quartzite forms
prominent ridges separated by deep valleys underlain by basic schists (Lageat & Robb, 1984)
Lageat & Robb (1984) observed that variations in composition. mineralogy and texture of
rocks influence erosion and denudation of the Barberton terrain. The geomorphology of the
Barberton Greenstone Belt is the result of several major cycles of crosional degradation,
planation and isostatic uplift of the region since marginal rifting initiated the Atlantic and
Indian oceans (Ward, 1999)

Mount Emlembe is the highest peak in the area. some 1838 m above mean sea level (m.asl),
The Barberton Mountain Land is generally greater than 1300 m am.s.| and the Lowveld is
commonly less than 1500 m am.<.l. An intermediate bench is located along the escarpment in
the Sabi¢ - Elandshoogte area and further south (Ward, 1999)

4.1.3  Drainage

The Komati River forms the major drainage system in the study area. It is one of the main
tributarics of the greater Limpopo. The Limpopo tributaries arise along the greater cscarpment
known as the Drakensberg escarpment (Lageat and Robb, 1984)

4.1.4 Climate, Vegetation and land-use

The climate of the Lowveld region is characterised by the mean annual precipitation of 836
mm, which is calculated over an 80-vear period from the rain gauge situated at Badplaas
(Midgley et al., 1990). Much of the rainfall occurs as heavy showers during the summer
season and occasional results into floods. which have devastating effects on the infrastructure
of the region. thus damaging the roads. bridges etc. The S-pan evaporation ranges from 1300
in the Mountain Land to 1650 mm in the Lowveld (Midgley et.al., 1990).

The vegetation of the Barberton Greenstone Belt is classified as Savannah Biome, which is
sub-classified into the Sour Lowveld Bushveld and the Northeastern Mountain Grassland
(Low and Rabelo. 1996). The Sour Lowveld Bushveld covers the mountainous areas of the
Barberton Greenstone Belt and it consists of open trees (e.g. Silver Cluster Leaf). shrubs (eg.
Sickle Bush) and a tall, wited and relatively dense grass constituent (¢.g. Yellow Thatching
Grass). The Northeastern Mountain Grassland covers areas south of the Barberton
Moumainland including Swaziland and Northern Natal. The Northeastern Mountain Land and
consists mainly of grassland species e.g. Giant Speargrass, Tracinpogon Spictarus etc. (Low
and Rabelo. 1996). The land is predominantly used for subsistence agricultural purposes that
include crop production and cattle farming. The region is historically known for gold.
antimony . asbestos mining.

4.2  Regional Geology

4.2.1 Introduction

The Barbenion Greenstone Belt is one of the few regions on carth where relatively pristine
Mid-Archean rocks had been preserved. It is the largest and the most widely known
greenstone belt terrain in the world. The belt represents a 3570 to 3080 Ma xenolithic
remnant of an Archean fold and thrust belt located in the Kaapvaal Craton (Cornel etal.,
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1994). The Kaapvaal craton represents the crust of the earliest contunental margins and
consists predommantly of a vanable mixture of plutonic rocks with calc-alkaline chemustry,
and supra-crustal rocks of sedimenmtary ongin that are often green in colour (Kirsters and
Anhacusser, 1994) The plutonic rocks are traditionally classified as tonalinc-trontjemite
granodiontes (TTG) and gramites. and the supracrustal rocks are referred to as “greenstones’
by virtue of their green appearance (Lowe and Nochitha, 1999) This combmation of rocks
makes up the “granite-greenstone” terrains of Archean Cratons. The broad swucture of the
Barberton Belt is that of a synform with pronounced NNE to ENE trend (Comel et.al., 1994)
The surface geology of the Barberton Greenstone Belt is preserved in this synformal structure
(Figure 4 2)
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Figure 4-2 Geological Map of the Barberton Greenstone Belt.

4.2.2 The stratigraphy and lithology of the Barberton Greenstone Belt

I'he Barberton Greenstone Belt contains the most complete stratigraphy of all the greenstone
belts. Its basal umit 15 the Onverwacht Group. The Onverwacht Group represents a
geochemical transition from ultramafic units at its base to mafic and felsic units at the top of
the Group (Table 4.1). This unit 1s sub-divided into the Tjakastad and Geluk Subgroups by a
persistent sedimentary honizon termed the Middle Chert Marker (SACS, 1980

The Tiakastad Subgroup comsists of three formations. the Sandspruit, Theespruit and the
Komati Formations. These Formations consist of subagueous lava flows, and metapendotite

meta-basalt and meta-tholente dominate the ultramafic assemblage. Most settlements are
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Table 4-1 I'he stratigraphy of the Barberton Greenstone Belt
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The broad structure is that of 2 synform with a pronounced NNE-ENE trend. Within this
svnform a number of tight synclinal often overtumed folds with steeply dipping limbs are
present. They are separated by major thrust faults resulting in ENE trending segments. Many
of these ENF thrusts have been subsequently reactivated as transcurrent faults.

De Ronde and de Wit (1994) acknowledged that structural geometry (i.e. Xinematics) and
evolution of greenstone belts represent one of the most complicated problems in structural
geology . Many studies of the stratigraphy of the Barberton Greenstone Belt have incorrectly
assumed that thick successions of meta-sedimentary and meta-volcanic rocks occur without
structural repetitions and that they have undergone relatively small amounts of deformation,
According 10 de Wit et al. (1992), the vanations in strata thickness in greenstones are
associated with thrust faulting and recumbent folding. which are responsible for the overall
distribution of rock tvpes in the greenstone belts.

The structural development of the Barberton greenstone belt is quite variable. but it typically
shows some or all of the following elements:

e  Well developed thrusting and folding

e Limited early extensiona! faulting.

e Polvphase tectonic history (de Ronde and de Wit, 1994).

The Barberton greenstone belt sustained polyphase deformation during Archean times. De
Wit et al. (1992) recognised an early deformation phase associated with the intrusions of
granitic plutons that caused numerous folds with steep plunge and an associated cleavage.
This is the carliest recognisable phase of compressional deformation (D1) and has been dated
between 3445 and 3430 Ma (Pb -Pb dating). It is best preserved in the southern and central
parts of the belt. DI deformation included the formation of the recumbent nappes and
downward facing sequences. The zones that were weakened by earlier extensional tectonism
prior to D1 deformation were reactivated during DI, producing transcurrent faults, drag and
disharmonic folds and numerous second and higher order faults. fractures and joints (de
Ronde & de Wit, 1994).

According to de Ronde and De Wit (1994), the second deformation phase (D2) can be dated
at about +'- 3229 Ma and was responsible for the tightening of folds. The D2 deformation
resulied in the widespread development of slaty cleavage and schistosity. According 10 de Wit
et al. (1992). large-scale steeply plunging folds were formed during D2 deformation, which
ook place contemporancously with the emplacement of the porphyritic granite of the
Nelspruit suite. The evidence of D2 deformation is observed in some rock outcrops at
Stynsdorp where the folistion wraps around the Stynsdorp pluton. This suggests that the
foliation is post-1ectonic 1o the Stynsdorp D1 diapiric event.

The third deformational phase (D3) is thought to be a continuation of D2 deformation, since
folds related 10 D3 are coaxial 10 D2 folds (de Wit et. al.. 1992). D3 deformation is
approximately 3226 Ma old and is observed as shear zones associated with gold
mineralisation. thus a link between D3 deformation and gold mineralisation was established
in the Barberton Greenstone Belt (Anhacusser, 1986). It is conceivable. therefore, that a
change in tectonic regime allowed a large scale. rapid release of deep crustal auriferous fluids
as hydrothermal veins,

According to de Ronde and de Wit (1994), the three phases of deformation suggest that the
compressive strain was more prevalent and was induced by gramitic diapirism of the later
mtruded plutons. The differential compression of the greenstone successions induced by
granitic diapirism caused isoclinal folding. pebble and pillow flanening and mineral
oriemation.
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The torth deformation phase (D4) was an extensional collapse stage (de Wit et. al.. 1992)
This phase 1s dated at approximately 5100 Ma and suggests extensional processes and re-folds
of the carlier folds locally associated with the reactivation of thrusts as strike-shp faults
oriented at hugh angle 10 D3 shear zones (de Wit et. al.. 1992). According to de Ronde and de
Wit (1992, the approximate onset of regional extensional tectonics within the Kaapsaal
craton ¢an be estimated to be 3070 Ma. which is contemporancous with D4 deformation.

The NW trending diabase dyke swarms are of different ages. some are pre-Transvaal and
others are post-Transvaal Supergroup. According 10 Ward (2001 ), the dykes are commonly
vertical and therefore exhibit linear outcrops that range from 10 to 15m in thickness. These
two generations of dykes intruded through Archean joints that were tectonically reactivated
during the Proterozoic times. The incursion of the post-Transvaal dyke phase may either be
associated with the Bushveld complex as precursor intrusions. or associated with the
subsidence of the Transvaal basin as an early magmatic response (Ward. 1999). The stresses
that inherently formed the NE-SW synformal shape of the Barberton Greenstone Belt resulted
into Archean joints with a NW trend direction (Ward, 1999). Such Archean fractures were
reactivated during Proterozoic and the diabase dykes intruded as dyke swamms of different
ages. The stress field that persisted during the Archean times can be represented
diagrammatically by applyving a strain ellipse (Figure 4.4),

The pre and post-Transyaal mafic diabase dykes that formed NW dyke swarms subsequently
intruded in the direction of maximum extension.

Fhe response of the rocks o NW directed Archean compressional stresses could be
summarised as follows:

NW-SE structures would be tensional

NNW structures would be antithetic strike slip faults

ESE to E trending structures would be synthetic shears or strike slip faults
N-S structures: would antithetic faults

NE-SW structures would be thrusts of fold axes

Gondwana Age Deformation

The Barberton Greenstone Belt was subjected 1o primarily compressional stresses durning
Archean times. During the Proterozoic era. the region was subjected 1o ¢ycles of uplifi and
erosion. thus resulting in a period of crustal instability (Tankard et al.. 1982)

During Jurassic times. the southeastern regions of Africa were subjected to extensional
stresses of the crust associated with Gondwana break-up (Cox, 1970), The distribution of
stress zones 15 presented in Figure 4.3, The extensional stresses manifest themselves in the
earth’s crust as either structures related 10 crustal thinning (zones A, F and F) or dyke swarms
(Zones B. D and C)

The key feature that marks the tensional stress regime in the south east of the African
continent s the Lebombo Menocline. This 1s a large flexure of post-Karoo age with a S-N
trend. extending from southem Zimbabwe 1o KwaZulu-Natal and stretching about 700 km
(Cleverly, 1977). The structural features of the Lebombo are interpreted as having formed in
an E-W tensional stress regime related 10 the rupture of Gondwanaland (Cleverly. 1977) Cox
(1970) reported that the stretching mechanism of the crust had sufficient strength to transmit
stresses laterally over long distances. hence tensional stresses influenced the tectonism of the
Barberton Greenstone Belt. The period of maximum deformation of the Lebombo monocline
1s dated as carly Jurassic. thus 180 Ma. The region of maximum monoclinal flexuring near the

4.5
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Lebombo is most likely related to a zone of greater crustal thinning. A large swarm of Karoo
dolerite dyvkes (the Rooirand dyke swarm) that occur in Mpumalanga and Swaziland can also
be related to the 1ectonic stresses associated with monoclinal warping

Figure 4-3 Zones of crustal extension in southeastern Africa (after Cox, 1970),

The structures associated with this tensional stress field are expected 10 mimic the N-S
direction. which is the trend of the axis of the monocline. Such structures include joint sets
and normal faults orientated in the N-S direction. As such. N-S normal faults in Barberton
region can be assumed to be of tensional structures of Karoo age. A widespread occurrence of
minor block and trough normal faulting is also related with the formation of the monocline

According 10 Cleverly (1977). the jointing in the Barberton greenstone belt can be divided
INLo groups:

e Archean age jointing related to the intrusion of granite basement plutons,

e Post-Karoo age joints associated with monoclinal flexuring,

e Post-monoclinal joints related with post-Karoo tectonic activities

[t is expected that monoclinal flexuring would produce the following joint sets in the vicinit
of the monocline axis:
e N-S tensional joints and faults parallel 10 the monoclinal axis and along the
convex portion of the fold. These have often been infilled by dolerite dykes
e E-W joints perpendicular to the monoclinal axis in the concave pan of the
monocline. These have been observed in the Jozini Rhyolites on the concave
flexure of the monocline in Mozambique (Sami. 1998)
e Conjugate shear fractures oriented NW and NE, Sami (1998)

In the distal regions like the Barberton Greenstone Belt. it is expected that the tensional joim
se1s would be predominantly parallel to the monocline axis; oriented north-south
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Figure 4-5 Distribution of borchole vields in the study arca (a) and success rates for all

registered boreholes in the study area (b).

Table 4-2 Statistics of borchole vield in the study area

Min yield Max vield Median vield  Average
vield
T008s T0ls 0.3 15" RE S
. calculated on the basis of successful borcholes only

F'o investigate the relationship between geological structures and borehole vield and success
rates. a proximity analvsis between LANDSAT lincaments and vields were carmried out
Boreholes were divided into three distance-to-feature classes and for every class a success
rate and a median yield was established (Figure 4.6). No investigation into the relationship
between distance to fault and borehole vield was camed out. as the data set proved
insufficient for statistical purposes
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Figure 4-6 Borehole vield and success rate in relation to the distance to mapped lincaments. ( 1-
100 m, N= : 100500 m, N= ; S00-1000 m, N= ).

Figure 4.6 shows a distinct relationship between borchole vield and distance to lineaments:
the further the borehole is drilled from a lincament. the lower the median yvield. A similar
relationship exists between success rates and distance 10 lineaments. with an increasing
percentage of dry boreholes being encountered with increasing distances to lineaments.
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44 LANDSAT Imagery

I'he occurrence and movement of groundwater in the study area has been shown 1o be related
10 lincaments associated with secondany features, such as faults, fracture zones and dykes, As
such, the delineation and mapping of these lincaments has been an integral part of this
groundwater exploration study

The lincament map presented in Figure 4.9 is a composite image of all lincaments identified

from cach of the images produced through the various enhancement techniques described in
Volume 1. Lineaments were examined on the basis of their length, onentation and frequency.
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Figure 4.9 Lineament map of the study arca generated by analvsis of LANDSAT data.

The LANDSAT lineament data plotted on the rosenets (Figure 4.10) indicate the strike
frequency and the strike-length occurrence of the lineaments., respectively

I'he strike frequency plot exhibits three trends, which are the NW-SE, NE-SW and nearly E-
W trends. These are orientations associated with Archean and Proterozoic structures. The
NW.SE is the dominant lineament frequency. however, these are relatively short, indicating
they are not regional in extent. This prominent lineament direction is associated with the
direction of the pre and post Transvaal dyvke swarms, which are under present dayv shear and
not likely 10 be groundwater targets. The longer but less frequent NNW structures would be
Archean strike-slip faults. The long NE trending structures oriented at greater than 45 degrees
are associated with Archean thrusts. hence they are regionally exiensive but are less numerous
in frequency. These are under present dav shear and are also unlikely to be groundwater
targets. The shorter NE striking features are associated with post-Karoo dykes, the orientation
of post Karoo extension. The E-W and ESE trends are associated with Archean shear zones
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under present day compression. The absence of the N-S trending lineaments suggests that
expected tensional structures and Karoo age N-S dyvkes cannot be observed on the LANDSAT
image. Since structures with this orientation are expected to be of the greatest significance
groundwater exploration. the abilitn of LANDSAT imagery to idenufy target features is
himited.

Ll N T L N

Figure 4-10 Rose diagrams of LANDSAT lineament data.

4.5 Structural Geology

A\ 1013l number of 68 planar structures were measured at 49 stops in the lower units of the
Barberton Greenstone Belt (Figure 4.11) in arcas where outcrops are best exposed. such as

road cuttings and rmverbeds.

[hese planar features include joint surfaces, foliation and hyvdrothermal quantz veins. All of
the planes were even and smooth, with no grooves. fault gauge or brecciation present. At stop
6 (Figure 4.11). a normal micro dip-slip fault with a 2-cm displacement towards the SE
direction was obsenved. This 15 an indication of tensional stress that prevailed in the NW-SE
directions, resulting in extensional NC onented structures. Boudins of amphibolite schist were
observed at stop 15 with pnincipal axis onentation of 47° that indicates s NW - SE extension
[his is again ¢vidence of extensional stresses in the NW -~ SE direction. which consequently

results to the NE = SW trending joint sets

4.5.1 Lincar Structures

e main structural features in the Onverwacht Group are the folds, thrust faults, faults and
joints. Most shear zones that are shown on the 1:250 000 geological map have a NW-SE
oriemation. The folds and \NE oriented thrust faults are Archean in age and are of less interest

from the hydrogeological point of view. Post-Karoo extensional structures are the targets of

prunary interest

[he mapped joint sets do not show any movement paralle! or perpendicular to joint walls and
uch, compressional or extensional forces can only be determined from sirain analysis
using sterconets. Due to the great abundance of quartz veins in most outcrops that were
visited. the origin of most joints can be associated with extensional stresses. The NW < S

oped joints comncides with the orientation of diabase dvkes. hence 1t can be

associated with the predicted tensional onentation during Proterozoic times
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452  Structural Geology of the investigated area
Figure 4.12 (a) 1s a stereonet density plot of all joint data. Several density contour centres are
obsenned in widely distributed poles to the measured planes. which suggests that joints are
related to several structural origins and that the structural serung is complex. Figure 4.12 (b)
is a rosenet that displays the onientation of all joint data. It can be observed that there is a
greater concentration of jomt planes orientated N-S. It can be observed in Figure 4.12(a) that
dips are highly variable. but that the majority of joint planes dip from vertical 10 sub-vertical
The majority of steeply dipping joints have poles that plot in the N 10 E and W to S quadrants.
which suggests a dommant NW joint orientation

Ihe joint set data can be grouped according to the angles of dip in order 10 determine the
tectonic settings, which are expected 1o fall in any one of the following categories:

o dip-slip vertical tensional joints and inclined conjugate joint planes,
shallow inchned thrust-slip joint planes,
o intermediate planes that may be dip-slip or thrust-slip tectonic settings

Figure 4.12(c) 15 a contoured stereo-plot of all planes dipping steeper than 80°. The planes in
the density plot also show four major tension joint sets trending towards N-S, NE-SW, E-W

and NW-SE. The rosenct diagram (Figure 4.12 (d)) conforms to the observed density planes
of the stereonet diagram (Figure 4.12 (¢)). The most prominent joint set direction is the E-W
direction foliowed by the NW direction. The two minor trend directions are the NE-SW and
N-S. Both the NE-SW and N-S trending joints intersect at steep angles. which suggests a
three-dimensional dip=slip setting or strike-slip tectonism

Figures 4.12 (¢) and 4.12 (f) are the sterconet and rosenct plots that represent the conjugate
joints of the dip-slip tectonic setting. It can be observed in the stereonet (Figure 4.12 (¢)) that
cach inclined plane has an opposite dipping plane. indicating a dip-slip tectonic setting
Strike-slip faulting is therefore unlikely. It can be observed that the N-S direction is
prominent, but that the NW-SE three-dimensional trend 1s the best developed. Both Figures
<.12 ¢ and ¢ indicate that the NE-SW trend is less pronounced but that it represents a well
developed three-dimensional dip-ship setting

Figures .12 (g) and 4.12 (h) are the stereonet and rosenet plots. respectively. of joint set with
planes dipping less than 30°. These are joints that formed under the compressional
environment of thrust-slip tectonic settings. Three conjugate sets can be distinguished from
the pole density comtouring (Figure 4.12 (g)), indicating a sub-horizontal intersection of
planes along the N-S. NE-SW and NW.SE directions. The rosenet (Figure 4.12(h)) also
shows a pronounced \-S trend direction

\ large proportion of joint planes in the study area dip between 60° and 30° and represem
¢ither a dip-ship or a thrust-slip wctonic setting. It can be obsenved in Figure <.12 (i) that the
NW.SE trend seems 10 be one-dimensional while the N-S and NE-SW trends have a wider
distnbution of the opposite conjugate planes suggesting a three-
along these trends. 1f the thrust-slip trends of Figure 4.12 (h) are compared with the trends of
Figure 4.12 (j). 1t can be obsened that some of the trends seem 1o be similar but do not
overlie exactly on top of each other. The rosenet plot of Figures
similar to that of the thrust-slip joints. even though a better fit occurs for the three-
dimensional joint sets with NS and NE-SW trends. The mono-dimensional E-W dip-slip

dimensional deformation
{
.
-

12 (d) and <.12 (f) are

joints of Figures <.12 () and 4.12 () are the least compatible. with 6° offset in the clockwise
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direction. It therefore appears as if most of the joints, except some of the NE-SW wending
ones. dipping between 30° and 59° represent dip-slip and not thrust-slip features.

4.53 Conclusions

The occurrence of joints in the Archean Barberton Greenstone Beht can be associated with
several events since its cratonisation. some 3 100 million years ago. This terrain was uplifted
and subsided during depositional and erosional events. and intruded by various dyke sets
during tensional episodes.

In both the stereonet and rosenet plots of the joint planes. the dip-slip fault setting occurred in
four major directions. These are the N-S trending three-dimensional faulting, three.
dimensional faulting in the NE-SW direction and one-dimensional normal faulting trending
NW.SE as well as E-W. The lower angle joint planes show trends in the N-S, NW-SE and
ENE-WSW directions, indicating that these are thrust-slip joint trends.

Ihe N-S trending three-dimensional jointing is related to flexuring of the crust during the
developmem of the Lebombo monocline, suggesting cast-west extension and supports a
tectonic model of N-S structures being extensional in nature (4.2.5). The conjugate
appearance of the joints, however, indicates a strong possibility of a lateral N-S wrenching
parallel 1o the transform margin adjacent to the aborted oceanic crust. If so the direction of
maximum extension is 1o the SE and the joint set to the east of north is the more open feature,
while the joint set trending 10 the north represents the synthetic direction and is in shear. The
one ~dimensional NW direction would be under compression. If the deformation is due only
to E-W extensional three-dimensional deformation then the NE and NW conjugate sets are in
shear and the N-S direction is open,

Ihe conjugate NNE-SW and ENE joint sets (figure 4-12 () support extension to the SE
resulting from N-S wrenching. If so. all the joims between these directions will be open
features. with maximum extension in NE directed joints.

The E-W trending one ~ dimensional fracture set is parallel 1o the spreading axis of the
abored oceanic crust, indicating shearing from N-S wrenching. This direction fits the
antithetic shear of rotational extension and probably developed with the onset of N-S
wrenching prior 1o the development of the transform margin.

The NW.SE wrending joint set is parallel 1o the pre-Transvaal dyke set and may be an
inherited feature resulting from NW directed compressional stresses during Archean times. It
also resembles the synthetic conjugate shear direction of a right lateral rotational wrench
svstem that could have occurred during E-W shearing.

The thrust-slip fractures paraliel 1o the three major joint set directions indicate compressional
conditions oriented 10 the NW, N-S and NE-SW. none of which are oriented parallel 1o the
regional strike of the Barberton volcano-sedimentary strata.. It is possible that some of these
low angle joims are of Archean origin as the Barbenion terrain was established by the
accretion of several tectonic terrains by convergence. The NE direction can be anributed 10
NW directed compression during Archean times, with the NW-SE and N-S orientations being
conjugate sets. Since no post-Karoo faulting occurred in this region. more recem
compressional stress fields are not due 1o simultaneous faulting along different strike
directions but can be associated to compression due to the minimal flexuring along the N-S
axis of the Lebombo monocline and the clockwise rotation of the Kaapvaal craton caused by
the intrusion of the Botswana dyke swarm. These Jow angle joints represent compressional
features that are closed and are poor water carriers.

=16
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It 1s clear that the Barberton Greenstone Belt was subjected to extension and shear. which
resulted in fractuning of the rochs of the area. Thus. the steep dipping joint structures in the
Barberton Greenstone Belt thar scem 10 be open and good targets for groundwater
cApioitation are
the N 10 NE trending conjugate set with a greater possibility on the NE trending

JInts

1) the E-W trend. resulting from N-S wrenching of the crus nked to the W

aborted spreading ridge in the northern Natal valles

e held observations theretore fit the conceptual model on the basis of wdentifving the N-S

to and NE-SW trending joint sets as open features. These are associated with ensional stress
r ‘. - ! T - . » %
<1d th evailed during post-Karoo times
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Figure 4-12 Sterconet and rosenet plots of all structural data (a and b), dips greater than S0°
tc and d). dip slip conjugate sets with dips > 80" (e and 1), dips < 30" (g and h), and dips from 30-
60" (1 and j).

1.6 Ground Based Geophysics

4.6.1 Introduction

Singe it was assumed that groundwater occurs in sleepiy d pping fraciured zones in meta-

canic terramns hke the Onverwacht Group. or at dyvhe contact zones. the geophysica
methods chosen were the
o Elecrromagnetic. Max-Min (HLEM ) technigue.

o Resistinvany, electrical sounding method and

e  Magnetic method

\ total of 27 HLEM and magneuic traverses were conducted. The recorded magnetic.
d in Appendix 4-A, The

1

resIsunvITny and conductivity responses from all traverses are present PPe

e
ation and the number of traverses are shown in Figure 4,13 and table 4.4

I hese traverses were selected to investigate vanous structural orientations
from LANDSAT lineaments and acrial photographs. All HLEM and magnetic surveys were

camed perpendicular the lincaments. Verical electrical soundings were undertaken w

the Schlumberger electrode array. extended parallel to lineament featur
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The geophysical responses were expected 10 idenufs the following geological scenarios:
e Broad. deep highly conductive sources. detected by HLEM surves. thus tpically

of deep weathered zones (a valley disconunuity profile).

e Narrow, shallow poorly conductine source. detected by HLEM sumvey 1e

dolerite dvhes (a ridge di

scontinuity profile),

e Two layvered earth case. 1.e. an unweathered fresh greenstone of higher resistivity
underiain by weathered conductive zone. detected by electrical sounding surve.

e Buried dykes or sills or fault steps detected by magnetic survey (a

discontinuity profile).

Table 4-4

Geophysical Survey carried out in the research area
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The results of the ground-based geophysics were grouped on the basis of geophysical
responses reflected by fault zones, lincaments, shear zones and dvke structures. The results
for the sites that were drilled are discussed below

4.6.2 Lincaments

Three lineament sites were identified for drilling exploration in the study area

BGB 4 ENE striking lincament

This location of this lineament is shown in Figure 7.14. The lineamem cuts across the meta-
basalts of the Komati Formation in the NNE direction. It is not evident from ficld observation
weather it is a fault or a dyke. but 1t is inferred from the LANDSAT image as & well defined
lincar feature. It is not easy 10 delineate a fault in a mono-lithotype geological environment
like the meta-basalts of the Komati Formation, where displacement of one unit cannot be
clearly defined. A 250m HLEM and magnetic survey was carried out perpendicular to the
lincar feature in an effort 10 delineate #t on the ground. The direction of the geophysical
traverses is from SE to NW

o — -\y ———— -
2 AL SR BARBERTON
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s { W ; ;}_r‘z, VNN Ny ;c “‘y
NSNS TR TP
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Figure 4-14 Location of Traverse BGB4

Electromagnetic survey

The Max ~ Min was operated at 4 frequencies, namely 220, 880, 3520 and 14080 Hz. with
coil separation set at 100 m and a station spacing of 10 m. The results are shown in Figure
4.15. The data show a trough like response from a 120 10 210 m points of the traverse in all
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Figure 4-15 Geophysical profiles (HLEM and Magnetics) of traverse BGB4 (Traverse
direction: NE-»SW).

frequencies. It can be observed that the ratio of the in-phase to out-of-phase is relatively high
in lower frequencies. This suggests a shallow, high conductive source. The asymmetrical
form of the trough in the profile is an indication that the conductive body is dipping. The
profile shows a valley overburden response. which may be associated with a deeper
overburden over a sub-vertical fault, or a thin dyke.

Magnetic Survey

e magnetic survey was carried out over the lineament from the NE to the SW, using a 10 m
spacing. Figure 4,15 shows the magnetic profile generated from this survey. The magnetic
survey shows an increase in amplitude of about 175 nT at 180 m, suggesting a sub vertical.
SE dipping fault. on which a borehole yielding 10 Vs (X12-01) was sited

Electrical sounding Suryvey

An clectrical sounding was conducted at 190m position of the HLEM survey, parallel 1o the
lineament 1o try 10 ascentain the extent of deep weathering at this position (Appendix 4-A)
The sounding curve shows a three laver curve, based on visual analvsis, with p, < p; < p: and
therefore an A-tnpe curve. The following values of the three laver curve profile are
determined:

Lavers Thickness (m) Resistivity ((0m)
Laver] 8 29

Laver2 20 40

Laver3 ” resistive bedrock

BGB 14 - NW -~ SE striking lineament

An HLEM survey was camied over the lincament. This lineament was identified by image
processing of the LANDSAT product. The lincament strikes at NW ~ SE direction and the
HLEM traverse of 180 m was carried perpendicular to the lincament oriemation. The localin
of this site 15 shown in Figure 4.16.
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Figure 4-16 Location of traverse BGB-14

Electromagnetic survey

The Max - Min was operated at < frequencies that range from 220 1o 14080 Hz m!h 100 m
coil separation and 10 m station spacing. The results are presented in Figure 4.17. A broad
conductive zone is « bu-\u.. from 90 10 160 m. This was suspected as bcmx ap ‘“‘h“' fault
zone where geological unit of different conductivity are separated by a fault line at 90 m poimt
of the HLEM traverse where a borehole was sited. However. the conductive zone was a zone
of deeply weathered schist and meta-basalt, and a low vielding borehole (X12-03) provided
0.1 s

4.6.3 Faults

BGB 2 NW - SE trending fault

HLEM and magnetic survess were carmed over a strike-slip fault with left lateral
displacement that was ident mcd from field mapping. The surface impression of this fault
resulted into & gorge in the hills of Hoggenoeg in Tjakastad. The fault was observed to cut
across through the H;~g5muu-:~ and Komati Formations. Thus the main lithclogical units in
area of the geophysical traverse are the meta-basalts of the Komati Formation and the dolerite
sill that occur at a distance of about 30m north of the fault line. A 120m HLEM and magnetic
survey were conducted pcrpv.-ndt;u..ar across the fault line from the NE te SW direction,
Figure 418 is illustrates the position of the Traverse BGB 2

Electromagnetic survey

The Max — Min was operated s 4 {requencies. ranging from Z:" 10 14080 Hz, while the coil

separation was set to 100m and a station spacing of 10m was selected. The results are shown
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in Figure 4-19. A ridge discontinuity response is observed with a steady decrease in
conductivity from 80m and onwards. where a borehole vielding 0.3 I's (X12-03) was sited
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Figure 4-19 Geophysical profiles (E-M and Magncetics) of traverse BGBI (Traverse
direction: NE—=SW)

BGB 3 E -W fault

This fault 1s mapped on the 1:100 000 metallogenic map (Ward. 1999) and is obsenable

. - '~ . -

he ield by an almost Im thick secondary quartz veins which can be traced for about 100m

along the E-\\ strike direction. The fault is a strike slip fault as there 1s a shear zone related «

this fault that runs through the meta-basalis and phyvllite schists of the Theespruit Formation
There are ™o paralle! dyvkes of about 10m in thickness that bound this fault line and are about
200m apart. The fault line runs almost in the centre of the dvkes. HLEM and magnetic
sunevs of 130m were carried across the fault and in the N-S direction. Figure 4.20 1s the

cality ma o “the traverse line BGB 3
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Figure 4-20 Locality map of traserse BGB3
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Figure 4-21 The geophysical profiles of traverse BGB3 (Traverse dircection: N—S).

Electromagnetic survey

[he Max-Min was operated at 4 frequencies that range from 220 to 14080 Hz with 100m ¢o

separation and |0m station spacing. The results of the HLEM survey are presented in Figure

i.21. The high ratio of in-phase and out-of-phase suggests a good conductor occurs at depth
[he ridge continuity response can be obsenved at almost 120 m on the 3320 Hz profile. whic

is almost the position of the fault line. At this point a borehole vielding

a bos I's was sited
N12-03)

Magnetic survey

¢ results of the magnetic survey did not show any significant magnetic changes across the
fault line. A sharp peak can be observed at the 70m point of the survey line and 1s suspected

10 be the magnetic interference noise
4.6.4 Shear Zones

BGB 6 E - W striking shear

. P 4 018674 e s Gl hoars ’ 1" \ . . -
l, IS Shear Zone was 1iaentuifised 1 ’ll\ el I Were Is f'cat ' L e QUATZ VeImnNs, W |

seem 10 have been hyvdrothermally deposited in this zone of weakness. The meta-basalt of the

l of
}\ mati } yymation 1n this zon low ern , metam woohosed 1 [ — nkie1lite ! l - } .

natl rol ailkM | JONC IS K shadge mciamorpiosca | ey _~.".'~| FHC SCHHDS
which deforms in a ductile manner. There is great abundance of clay minerals shear

e DS eC shicars
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Figure 4-22 The locality map of traverse BGB6,
Electromagnetic survey

The Max-Min was operated at < frequencies. ranging from 220 1o 14080 Hz. The traverse was
of 180m length with a 100m coil separation and a 10m spacing. The HLEM profile suggests a
shallow. conductive source (Figure 4.23). A zone of higher conductivity is observed at 100m
on the Jower frequency profiles of 220 and 880 Hz which almost coincides with the localin
of the shear zone. Here a borehole (X12-02) was sited vielding 1 I's. The 14080 Hz frequency
profile shows a zone that can be interpreted as a wide. shallow, poorly conductive geological
feature. This zone 1s observed at 20 10 150m of the traverse profile ‘

Magnetic survey

The magnetic data 1s inconclusive for the entire traverse, though a sharp peak occurs at the

beginning of the traverse. which is interpreted as noise
Electrical sounding survey

The electrical sounding survey was carried out at 100m on the traverse. The results of the
electrical sounding survey are presented as profile BGB6 in Appendix 4-A. The sounding
curve displays a three laver A-tvpe curve. A cusp caused by resistive lateral heterogeneity.,
probable a gravel body. can be observed at 15m depth. The following values are determined
in this three laver sounding curve

Lavers Thickness (m) Resistiviny (Om) -
Laverl S 40
Laver2 23 75
Lavers s resistive bedrock
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Figure 4-23

Geophysical profiles (E-M and Magnetics) of BGB6 (Traverse direction: N »S)
4.6.5

Dolerite Dykes

BGBI3 NE - SW Striking dyke
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Figure 4-24 The locality map of traverse BGB 13,

BGB 26 N - S dyke

The dyvke was 1dentified in the [:230 000 geological map of Barberton. This dyke intrudes a
granitic pluton known as the Siwolzburg gnetss. A xenolith of Theespruit Formation occurs in
the vicinity of the dolerite dyvke. The traverse was undertaken across the granite gneiss contact

with the dolernite dvke. The HLEM. magnetic and electrical sounding

-~
'
!

\11{\\'}\ were ;:.’Yl-.'d

perpendicular in the case of the HLEM and magnetics and parallel to

i he G\ he in the case
the electrical soundings. The dyvke strikes in the N-S direction and the locality map of the

N

tras erse 1s shown in Figure 426

1
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Electromagnetic survey

Ihe Max-Min was operated at 220, 880, 3520 and 14080 Hz. A traverse of | 70m was carmed
2 coil separation of 100m and a station spacing of |0m (Figure 4.27). A zone of high

conductivity can be observed at 90m on the traverse. The high frequency profiles show an

Outl Wil

assmmetncal ndge at the 90m point, which suggest a shallow conductive source. This 1s the
expected zone of the of granite and dolerite contact. A borehole was sited here (X 12-06). but
vielded only 0.1 I's

Magnetic Survey

he magnetic data (figure <+.27) display the granite-dyvke contact a1 100m poeint of the traverse
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Figure 4-27 Geophysical profile (E-M and Magnetic) of traverse BGB26 (traverse direction
F<-W)
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Figure 4-28 Locality map showing the position of the drilled boreholes.

Borchole X12-01 on site BGB4

Borehole site

Borehole X12-01 was drilled intc a NEE lineament (Figure 4.14). which is believed w0
represent an extensional structure. The site is located on a footslope below a rugged hillock
sloping towards the Mbhejeka stream. The borchole was sited based on the HLEM and
magnetic surveyvs BGB4. The traverse indicated a more conductive zone and a magnetic step
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over the lincament at 190m, directly over the lineament. indicative of a fault. The borchole is
positioned near the premises of the old Mbhejeka Primans School

Geological description

The hole was drilled through highly fractured and weathered greenish-grev meta-basalt of the
Theespruit Formation. The fractures are filled with quartz and calcite. The first water strike
was encountered at 15m with an associated blow vield of 0.3 |'s. There were no lithological
changes. except in the physical character like the degree of fracturing and weathering
\nother water strike of 0.2 1's was obtained at 24m. Then. ar 36m a highly fractured and
weathered meta-basalt was penetrated. which displayed slickenside striations in some of the

fractured rock chips. The striations suggest movements along the fracture plane. Therefore.

the lineament is definitels a fault. A water strike of 5 |'s was encountered at this depth
Dnlling continued through the altermating hard, soft and fractured meta-basaltic rock until
STm where another water strike of 4.5 I'sec was encountered. At this depth, fracturing is even
more intensive with loose fractured rock chips of about Sem. which suggest an open fracture
Drilling terminated when meta-basalt became uniformly hard and fresh and the final blow
vield measured 10 1's

Borehole X12-02 on site BGB6

Borehole site

This site was mapped in the field as an E-W shear zone. The shear zones are of great
significance with respect 1o mineral exploration for Au mineralisation in the greenstones. in
particular. There 1s not much known about the groundwater potential of these structural
features. however. the E-W orientation has been predicted 1o be under presemt day
compression. or antithetic shear. depending on whether the onentation of maximum extension
is E-W or SE-NW (34.53). As a result this site was chosen 1o venify whether the yvield
associated with shear zones is poor due 10 compression, or marginal due to rotational strike-
ship shear . A poor geophysical response. especially with the HLEM was obtained (4.6 4).
hence the borehole was sited based on field obsenation of the shear zone. The site is located
on a flat plain, about 200m from the Mbhejeka stream that runs eastward from the site view
The hole was sited at 100m of the HLEM and magnetic traverses (Figure £.22). The hole is
positioned. next to the path that goes to Mbhejeka Priman school at Mbhejeka

Geological description

The borchole was drilled through & mone-litho type. which changed mineralogical and in
physical character as drilling proceeded. The rock type is the green, schistosed meta-basalt
that 15 a npical greenschist litho-type. with a great abundance of quartz veins. The first 20m
were hard due to the presence of thick quanz vein. The roch chips were still weathered and
fractured but not 10 a greater extent. At 24m. the rock became more fractured and weathered
and a water sirike was encountered with a blow yield of 0.3 1« Drilling continued 1o 34m.
through a green, phyllitic rock which can be described from a hand specimen as a chlorite-
phyilite schist. This rock nvpe has a soapy feel and is nich in clav minerals. Because of the
nineralogical content. it is thought that this metamorphic variery of meta-basal has a low
permeability . A more crystalline. light greenish-grey meta-basalt was encountered at *3m and
a water strike with a blow vield of 1 I's was obtained. Surface striations were observed on
fracture faces of rock chips at this depth. which indicates some form of movement along the
fracture planes. The drilling terminated within this rock type at 102m and the final blow vield
measured as | |s.
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Borehole X12-03 on site BGB 2

Borehole site

Borehole X12-03 was selected 10 investigate a NW trending fault, an oriemtation presumed 10
be poor due to compression in spite of the intrusion of NW trending diabase dykes. The
borehole was sited on the basis of geophysical traverse BGB 2. The site is located in an E-W
depression adjacent 10 a minor perennial stream. The geophysical response (Figure 4.19)
suggests the fault is located at 100m of the survey line and the borehole was positioned
directly over the fauli line. The borehole is located at Hoegenoeg.

Geological description

I'he borehole was drilled through a crystalline. fractured Komatiite or meta-basalt. A dolerite
sill outcrops very close 10 the borehole locality. The main lithological units in the borehole
vicinity are dolerite and meta-basalt. The first water strike of 0.1 |'s was encountered at 12m
depth. The rock formation was very hard 1o drill even though it was fractured. Cryvsotile
ashesios covered the fractured faces of large rock chips and these were first observed at 20m.
Fractured dolerite was encountered at 32m, however, the contact zone was not water bearing.
There was a great abundance of green and white quartz crvstals at 41m afier a lithological
change at this depth 10 a greenish-grey meta-basalt. At 58m, the rock became soft to drill,
since a highlv weathered greenish ~ grev meta-basalt was encountered. A second water strike
of 0.2 I's was encountered at 97m where large fractured meta-basalt chips, which display
striations, were obsenved. Drilling terminated at 120m afier penetrating through a fractured
and weathered meta-basalt with a great abundance of crysotile ashestos, green and white
quartz crystals. The final blow vield was measured as 0.3 I's.

Borehole X12-04 on site BGB2

Borehole site

Borehole X12-04 1argeted an E-W trending fault marked on the ground by an almost Im thick
quariz veins. This orientation has been identified as being under compression or antithetic
shear. The borchole is positioned at 110m of geophysical traverse BGB3 and the position was
selected based on observations of the fault in the field. The site is located in a relatively flat
topography almost central between the two parallel dvkes with E-W orientation. The two
dykes are about 300m apart and approximately 20m in thickness. The site locality s
Ihakastad East

Geological description

The hole was drilled through highly fractured and highly weathered meta-hasalt of the
Theespruit Formation. Onverwacht Group and encountered numerous quartz veins, The meta-
basalt weathers to a saprolite clay matrix. The first water strike of 0.5 I's was intersected at
19m. Drilling operation continued through soft fractured and weathered greenish-grev meta-
basalt with a great abundance of quartz veins. A 2m thick open cavity was encountered at 47
and 48m. It was expected that a water strike would be intersected at the cavity. but it was a
dry cavity. Drilling continued through soft greenish-grey basalt, until a fractured dolerite was
encountered at 61m. with another water strike of 0.8 I's at 62m. Drilling continued through
the fractured and weathered meta-basalt and quartz veins from 63 to 120m. Drlling
terminated at 120m. with a final measured blow vield of 1.2 I's. After careful observation of
the shear zone. which is parallel 1o the drilling target, the fault in which X12-04 is drilled
through has strike-slip movements

342
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Borehole X12-05

Borchole site

irtiled on an identified shear zone. The E = W trending shear zone coincides
ip fault (BGB3) on which XN 12-03 was drilled. It can be deduced that the E - W

trending

fault 15 a response to shear deformation. Borehole X 12-05 1s positioned on the at
plain. a mere [0m from the deep gullies where a hi 1

ghly sheared meta-basalt outcrop s evident

ar Tiakastagd East

Geonlogical description

The first 12m was drilled through a hard milky quanz vein. which was followed by soft

g

greenschust ampiubolite with granules of quarz vein. Seepage was obtained a
-4 m. drilling continued through a more siliceous meta-basalt. Subsequentls. the rock
changed 10 a dark grey with greenish tint highly foliated and highly weathered phy Hite schist
with abundant quartz veining. This rock formation remained the same untl 120m except for
minor changes like the proportion of quartz ¢rystals. In some places the rock sample became
more granular with greater abundance of quantz grains and additive scepage strikes are
otained in those places. There were two such water strikes at 32 and 66m depths. These two
water strikes occur in places where the sample was more granular. Au was observed in
association with quanz grains from 80m up to 120m. It was obsenved that the phy llite-schist
units are not water yvielding and instead absorb water in the course of drilling. The final blow

vield was measured 0.1 |'s

Borehole N12-06 on site BGB26

Borchole site

Borchole X12-06 was chosen to investigate the contact between a xenolith of greenschist, a
N- S striking dolerite dyvke and a granitic pluton (i.¢. the Stolzburg gneiss). This orientation
has been predicted as one under extension. The dolerite — gneiss contact was identified on the
basis of geophysical traverse BGB 26. The site is located on a footslope of a hill. which
. i

¢scends northwards in the direction of the Theespruit River. The borchole site is positioned

at 90m of the E-M traverse. The borehole site 1s located at Nhlazaye

Geological description

e hole was drilled through highly weathered granite with pink and white quartz in the first
3 m. Drnilling continued through fractured granite with quartz veining. Fractured dolerite was

1

first intersected at 13m, however. the comact was dry . Drilling continued through light grey,

iresh granite gneiss with quartz veins. Seepage was attained at 27m. The granite was more

weathered and foliated at this depth. A dolerite dykhe was intersected again at 31m and drilling
continued through hard. light grey fresh granite gneiss up 1o 39m. Another dolerite dyhe was

{
=
rsected at 40m depth. but the contact was alse dnv. Drilling continued to 48m through hard

inte
light grey granite = gneiss, The granite was more fine-grained and no quanz veins wer
R l

i ™! . ASEY " . > a > - [ 4 > R srnad
ractured. Drilling continued through an extremelv hard. very fine grainad

and was terminated at 73m as a result of hard rock. The

C
wmsenved,. Seepage wa 111 ' ey here the er e Was slativelyv weathered and
s g CePage Was atlamed al =" where the graniie Was reiaiine weainerceg
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~2
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final measured blow \ig Idwas 0.1 1s

Borehole N12-07 on site BGB-27

Borchole Site
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Borehole X12-07 is in a similar geological setting to X12-06; a granite pluton where
greenschist and dolerite dykes occur in one locality. The site is located in a depression that
runs NE — SW. intersecting a N-S trending dolerite ridge. The geophysical response was not
conclusive. however, borehole X12-07 was proposed at 130m on the traverse (Appendix 4-A)
based on the observed NE trending linear contact berween granite gneiss and greenschist. The
hole is located at Ntlazatshe. about 170m from the settlement area

Geological description

I'he first metre of drilling penetrated through both the weathered and fractured greenschist
and granite gneiss. Drilling then continued through highly fractured and weathered light gres
granite with abundant quartz veins. The dolerite was encountered at 13 10 16m and dnlling
continued through light coloured micaceous granite with quartz veining., Seepage was
obtained at 23m. Drilling was terminated at 47m when penctration rates decreased
dramatically due to the hardness of the granite gneiss. The blow vield was below measurable
limits and as such the borehole was regarded as dry.

Borchole X12-08 on site BGB13

Borehole site

Borehole X12-08 was chosen 1o imestigate a NE striking lineament related 10 a dolerite dyke
intruding amphibolite sclust. This is the onentation of maximum extension (4.53). The
borehole site is located in a flat plain at Stevnsdorp village.

Geological description

The first 20 metres were drilled through a highly foliated, weathered and fractured greenschist
(amphibolite). The first water strike of 0.5 I's was obtained at 19m, where the greenschist had
abundant quartz grains. Drilling continued through weathered and fractured light greenish-
greyv meta-basalt with green and white quanz crystals. Another water strike was obtained at
53m with a blow vield of 1.5 I's. Highly fractured and weathered dolerite was intersected at
54m. showing shickenside striations in some of the fracture surfaces. It can therefore be
deduced that there had been post dolerite intrusion movements and that the NE orientation is
presumably in an antithetic strike-slip setting. Quanz veins are also more abundant a1 this
depth. Drilling continued from 73 10 120m, through a green to dark grey. weathered basah
with quartz and calcite gramns. Dnlling was terminated at 120m. and the final measured blow
vield was 2 I's.

Borehole X12-09 on site BGB24

Borehole site

The borehole site was selected to investigate a long lineament with a NNE - SSW trend,
which corresponds to the orientation presumed to be under maximum extension and in a dip-
slip fault setting. The borehole site is located on a flat plain, on a bank of a minor siream. This
borehole site is positioned opposite the tum-off road that goes to Natuurskoon at Stynsdorp
Hills facing site X12-09 arc made up of granite-gneiss of the Stynsdorp pluton. However. the
site is located in the greenschist terrain that consists of highly foliated, talc-chlorite schist and
meta-basalt.

Geological description

]
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Drilling progressed through a highly fractured. medium 1o coarse-grained meta-basalt. Most

of the fracture faces display pronounced striations. A water strike of 0.5 |'s was obtained at
<0m. Drnilling terminated at [20m. with no lithological changes. except the proportion of

quariz veins. Since the stnations are common to most of the fracture faces. 1t can be deduced
that the lincament obsenved from the LANDSAT image is a fault. The final blow vield was

measured as 1.01's
Conclusions

The NE to NNE baring structures proved to be the highest vielding structural features in the
Barberton Greenstone Belt. These features can be presumed to be faults in a dip-shp semting
This supports the theory that such features are open to due 10 E to SE oriented extension. The
N-S striking structural features proved to be low yvielding in contrast 1o the structural analy sis
of joints. which suggested that the N-S structures are open. The poor results from N-S targets
suggests that this orientation is under a present day synthetic strike-slip setung. with the NE
structures being the other conjugate set. Hence the NNE structures appear to be the preferred
setting. The comtact between N-S dolente dvkes and host rochs proned not 1o be water
bearing, However. all such targets were located in granitic plutons. which generally have low
vielding boreholes and are extremely hard to drill

The E-W shear zones that consist of tale-chlorite schist are soft to drill through but because of
the mineralogical composition, these zones are not transmissive enough to bear water. In
general. high yvields occur in such zones, which have been rejus enated by antithetic strike slip

- -
fauinung

4.8 Test Pumping

Constant rate discharge tests were carried out on 7 of the 9 newly drilled boreholes in order 10
charactenise hydraulic properties of the penetrated lithologies: to assist with conceptual mode!
of aguifers and to determine sustainable borehole vields. The test pumping and recovery data
are presented in Appendix 4-C

Borchole N12-01

Borehole X12-01 had warer strikes at depths of 15, 24, 56 and 81m. which is indicative of a
multi-lay ered aquifer between basaluc flows. The total biow vield was 10 I's with 36m being
the main water strike. Ihe static water level of the hole is 3.38m below surface, giving an
available drawdown of 32.62m. The pump was set at 37.2 m below surface during the test
The borehole was then pumped at a rate of 2.51's for 720m

Radial flow occurs until the drawdown cune shows an increasing rate of drawdown afier 70
minutes. The slope of this line is 0.25 on the derivative of drawdown curve, indicating a finite
fracture and that boundany conditions are present. This suggests that one of the main water
strikes is bounded

The recovens of the borehole was monitored for 480 minutes. The data shows that after 48¢
minutes since pumping was stopped. the water level has recovered 10 within 028 m. N\
evidence of leakage from an overlving weathered zone can be detected. hence storage 1s

1

imited 10 fractures

I'able 4.6 presents the calculated transmissivity values on the basis of early (radial flow) and

late time data. The sustainable vield calculated on the basis of t

he various methods 15 shown
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in Table 4.7. The various parameters utilised for cach of these methods are illustrated in Table

48
Table 4-6 Trlnslu'sg\‘llp values for X12-01
Borehole Teun Tow |
Number (m*/d) (m'/d)  (m/d) |
X12-01 132 33 132
Table 4-7 Recommended borehole vield values for X12-01 method
Method m'/d '
Drawdown to 142 1
boundan
"Distance to boundans | 67
“Flow characteristic 685 ]
Max. Drawdown 1170 '
Table 4-8 Critical parameters for sustainable vield estimation
Parameter  NI01 N30 NI308 [NI24 " Nizes N12aes N
T oarts 132 14 (K] |83 1.6 119 1.9
(Mo IS4 119 o8 1124 09 %1103
Straceare 000l O o0l DR 0.00] NECH 0.001
| _— [0.01 00l | 0.01 1001 0.0 0ol 0.0
Boundary(m) _T7% 11300 o — - T
Boundarwd) 0373 0034 | ' 10000486
Tithology  Mew-hasali_Meia-hasali NMicia-hasali | Meta-basall | Schist _ Schist | Nicta-hasalt
F2 3 - 12 12 13 16
Yield (m”/d) T &l — |47 148 80 -0 |58
Conceptual Weathered | Confned. | Confined, Coafined. |[Confined, ' Weathered, | Finue
Model | mults double leaky, double muln- Leaky, fracture
[ lavered porasity | Doublke | porosity HNavered double- aquifer
Finue aquater POrosiny aquifer aquifer POrosIn '
- | aquifer | aquifer | aguifer |

The sustainable borchole vield estimate varies from 142 10 685 m'/day for the differem
methods. Since insufficient drawdown was achieved, the drawdown and distance 10 boundan
methods are considered underestimates. The flow characteristic method estimate of 685 m /d
is considered 10 be the best approximation of sustainable vield.

Borehole X12-02

T'he borehole had a water stnke of 66m, which gave a blow vield of 1.0 I's. The static water
level of this borehole is 10.76m below surface and therefore an available drawdown is
calculated 10 be 35m. The pump was set a1 27.20m below surface. The borehole was then
pumped at a rate of 0.52 I's for 360 minutes.

The semi-log drawdown curve is characterised by parallel early and late time drawdown,
separated by a horizontal line in the middle. This can be interpreted 1o represent leakage from
a double porosity system. However, at this point the water level drops below a highly
fractured and weathered basalt horizon into fractured and weathered basalt. 2 contact zone
where scepage was encountered during drilling. This suggests that the flanening of the
drawdown curve could be related 10 the initiation of unconfined conditions in this scepage
zone. After borehole completion this secpage zone probably gained water through the
borehole from the confined higher vielding fracture zone below. During pumping. this water
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retums 1o the borehole. resulting in dewatering of this seepage zone and a reduction in the rate
of drandown

No significant boundary conditions can be observed. Since this borehole is drilled through a
shear zone. it 1s possible to have both matrix (primary) porosity in the gouge material as well
as tracture (secondary ) permeability through the fault system

The recoveny of the borehole was monitored for 252 minutes. The semi-log time-residual
drawdown cun e indicates that the rate of recoveny decreases towards the end of the test The
recovery shows that the borehole have tully recovered before 11" =
not 10 have taken place

-

. hence dewatering seems

e calculated transmissivity values are presented in Table 4.9, The early ume transmissivity
was calculated from 1.3 o 7 minutes. when the derivative curve indicates radial flow
conditions exist prior to the water level reaching the seepage zone at 25 m. Late time
transmissivity was calculated from 70 10 360 minutes of the ume-drawdown cunve, after
leakage from the matrin. or dewatering of the seepage zone. reaches pseudo steady-state. The
sustainable vicld calculated on the basis of the various methods is shown in Table 4 10. The
various parameters for cach of these methods are listed in Table 4.7

Table 4-9 Transmissivity values for X12-02
Borchole [Ty | T | T T
Number (m'/d) (m’/d)
NI12-02 1.4 1.9 0.9
Table 4-10 Recommended borehole vield values for X12-02
Method  md )
Tate T | 5T
Drawdown  to | 121 |
boundary
liﬁ.ax-xcu o h.\u;\iar} 6.1
Flow characteristic. | 60.0
Max. Drawdown 5.0

The sustainable vield for the borehole X12-02 vanes from 6 to 76 m''d for the differem
methods. The distance and drawdown to boundan methods could not be adequately applied
since no boundars conditions were obsened, hence these methods provide underestimates of
vield. The flow charactenstic method estimate of 60 m d is considered 10 be the best

approximation since all the parameters can be defined and a consenvative approach is adopted.

Borehole N12-03

The main water strike occurred at 97m in a deep fracture vielding 0.3 I's. The static water
level is at [ 61m below surface. giving an available drawdown of 93 4m. A pumping test was
carried out at 0,611 s for S20minutes

I'he semi-log drawdown cunve displays a horizontal line after 20 min. which is indicative of
significamt recharge. or can be associated with the early part of a double porosity aquifer
system. At this point the water level drops below a fractured basalt into @ weathered basalt
and seepage was encountered during drilling. This suggests that the flattening of the
drandown curve could be related to the initiation of unconfined conditions in the weathered
zone. Since the water level is significantly higher than the seepage zone. it probably gained
water through the borehole from the confined fracture zone below at 97 m. Once this
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weathered zone begins 10 release water 1o the borehole. a reduction in the rate of drawdown
occurs. Such a system can be described as a double porosity or leaky. confined aquifer
svstem.

The derivative curve. however. shows a steep increase after 200 minutes, indicating that
boundary conditions have been reached. or that the late time of a double porosity system is
encountered

The recovery test shows that after 112 minutes since pumping stopped. at 11" = 6, no residual
drawdown remains, indicating that significant leakage from the weathered zone has taken
place.

Table 4.11 presents the calculated transmissivity values for this borehole and the
recommended vields by the various methods are shown in Table 4.12

Table 4-11 Transmissivity values for X12-03
" Borehole y - Tu TT. s
" Number (m*/d) (m°/d) (m°/d) ’
| X12-03 08 08 0.7 |
Table 4-12 Recommended borehole vield values for X12-03
' Method ‘md
| Recoven | 442
" Flow characteristic 17

Since no boundaries were encountered only the flow characteristic and recovery methods
could be applied. These suggest that the recommended sustainable yield is approximately
43m’/day.

Borchole X12-04

A water strike of 1.21's was encountered at 62m. A 2m open cavity was observed at 47 and
48m, above the main water sinke. The static water level is a1 11.08m, giving an available
drawdown of 50.92m. The pump was set at 17.43m and the borehole was pumped for 720
minutes at a rate of 0.80 I's. Due 10 the presence of the dry cavity, it is expected that
significant water losses occur from the borehole and that the vield is significantly higher than
that recorded.

The semi-log drawdown curve suggests the aquifer is of the double porosity type. The
calculated transmissivity values for boreholes X12-04 are presented in Table 4.13.

Table 4-13 Transmissivity values for X12-04
Borehole Teay (M d)  Tie(Md) | T seconen (M d)
Number ' '
X12-03 83 123 122 !

Only the flow characteristic method could be applied to estimate sustainable vield, since no
- . " i . - 3
boundary conditions were observed. The estimated yield is 145 m™/d.

Borchole X12-05

Seepage was encountered at 18 and 32 m, with the main water strike of 0.1 |I's at 66m. The
static water level was at 13.95m, giving an available drawdown of 32m. The pump was set at
29.06m and the borehole was pumped for 360 minutes at a rate of 0.48 I's.
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The semi-log plot of the ume~dramdown curve shows radial flow without boundans effects.
until pump suction was reached at approximately 120 minutes, An inflection point is seen at 4
m of dramdown, where the water level reaches the first secpage zone. The increased rate of
drawdown thereafter suggests that this seepage zone contributes water to the borehole.

conseguently. the early time transmissivity was calculated from 2-9 minutes. The calculated

.

garly and late ume transmissivity are histed in Table 4.14

The recoveny of borehole X12-05 was monitored for 210 minutes (vt = 3.3). at which ume

the water level recovered to within 0.02m of the original static water level

Since no boundan conditions were encountered. the drawdown to boundany and distance 10
boundars methods could not be applied. The sustainable vield estimates varied from 20-

-8Sm d(Table =.15

Table 4-14 Transmissivity values for X12-08
Borehole [ Tun I reconens (M°/d)
Number (m*/d) (m*/d)
N13-03 16 09 0.7

Table 4-15 Recommended borehole vield values for X12-05
Method m’d '

Flow characteristic 0
Max Drawdown o

Recoven

Borchole X12-08

I'he main water strike occurred at 33m. with seepage at 19m. The blow vield was measured 10

be 2 I's The static water level was at 7.86m. giving an available drawdown of 43m. The

pump Was set at 12.+3m and the borehole pumped at 20 minutes at a rate of 1.86 U's
The semi-log plot of the time-drawdown cunve exhibits a horizontal line. separated by an

carly and late drawdown curve. The shape of the cune suggests a double porosity aquifer
svstem. with leakage affecting the late time drawdown, since this segment has a smaller slope

The calculated early and late ime transmissivity values for boreholes X|12-08 are presented in
[able 4.16. Recommended borehole vields estimated by various methods are in Table 4.17

Table 4-16 Transmissivity values for X12-08

“Borehole . T..,‘,.\ T.,.‘.. T recorens (B°/d)
Number (md) ‘_lm"d)

NI12-08 B 30 1985
Al e B O el el e

Table 417 Recommended borehole vield values for X12-08
Method m’ d

Late T - 348 ]
Flow charactenstug 150

Since no boundan conditions were encountered. the drawdown and distance to0 boundan

inge
4

methods could not be applied. The sustainable vield 1s estimated to range from 330-<30m d

4.49
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however, this cannot be verified, as it is significantly higher than the rate a1t which the
borchole was tested.

Borchole X12-09

Seepage sirike occurred at 12m and the main water strike of 1.2 | sec was atained at 40m
The static water level was at 4.34m. giving an available drawdown of 35.66m. The pump was
set a1 21.45m. The borehole could only be pumped for 30 minutes at a rate of 0.55 | s before
pump suction was reached.

The semi-log time-drawdown curve indicates that a closed boundan condition is encountered
afier 9 minutes. The derivative of drawdown curve suggests that the aquifer is a finite fracture
and that radial flow conditions are never encountered

The recoveny test of borehole X12-09 was monitored for 300 minutes and the water level
recovered 1o within 0.30m of the original static water level. An extrapolation of recoven
suggests that the borehole will not fully recover by 11" = |, hence dewatering seems 10 have
taken place. Calculated transmissivities are shown in table 4-18, and sustainable vields are in
table 4-19. The sustainable yield varies from 3 to 14 m”/day. and is probably around 8 m”/day
However, this low yield is anomalous given the blow yield. It is possible that significant
water losses are occurring to the formation, since highly fractured meta-basalts, which were
not water bearing. occurred at 96 m.

Table 4-18 Transmissivity values for X12-09
Borchole [ Tt y (- T T recenery (M/d)
Number (m*/d) (m*/d)
“X12-09 19 0.3 1.8
Table 4-19 Recommended borehole values for X12-09
Method m'd
TaeT 8
"Drawdown to| 7.2 T
boundary

Distance to boundary | 8.2

' Flow Ljh_iig!tislic’ 2 -
Max Draidfmn 14

Conclusions

Table 4-20 is a summary of the results of the constamt discharge tests in relation 10 the
calculated transmissivities, blow vield. sustainable vield and pressure head

Table 4-20 Results of the seven constant discharge rate tests. S
BRNe T . T .\u:m-iﬁﬂim Blow Yield ﬁfslainabh Pressure head
(m*/day) i (m°d) ('s) \*" ) (m)
‘ ! (%% blow vield) _ 4

X101 | 132764 683 0 79 N
X13-03 (1419 60 1.0 60 BREL
“X12-03 (0808 a7 03 181 8’3
X12-04 83124 EH 1.2 140 3092
N205 11609 =0 0.1 232 52

NI12-08 | 15.1.39.1 400 2.0 232 45
X12-09 11905 '8 1.2 8 35.66
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4.9 Evaluation of Climatic Data

Only one rainfall station occurs in Close proximity to the study arca: Badplaas police station.
10 km from the study area. The distribution of estimated mean annual precipitation (MAP) of
the study arca is shown in Figure 2-29

Ranfall record for 8 20.year penod
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Figure 429 Annual time series of rainfall of Badplaas hydrological station.

[he MAP of the study area calculated on the basis of Figure <-29 is 853.1mm. This figure is
not significantly differemt from 836mm recorded by Midgley et al. (1990). The monthly
rainfall distribution in the arca s characterised by summer rainfall and almost dryv winter
seasons (Figure 4-30). Mean annual S-pan evaporation is 1632mm (Midgley et. al., 1990),
distributed monthly as shown Figure 4.31,

4.10  Financial Analysis

The financial analysis compared two different scenarios

e Scenario | is based on historic drilling records as recorded in the NGDB. which ar
assumed 10 represent random drilling or boreholes. In the study area 219 boreholes
have been drilled. of which 71% have no recorded discharge, 13% yvield water and
145 are recorded as dry. For this investigation. only boreholes with a recorded
discharge were considered, giving a success rate of 50%. This success record was
used to estimate the number of holes and associated costs required 1o establish 10

vielding boreholes
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Figure 4-30 Mean monthly rainfall distribution, based on data recorded at the Badplaas
Police Station,

RS S T

¥ AT

-4
¢
2
L]
~

Figure 4-31 Mean monthly distribution of S-pan evaporation at Badplaas Police station.

e Scenario 2 is based on the methodology adopted for this project. where geophysical
methods (MAX-MIN EM. Magnetic and Electrical Soundings). as well as geological
observations, were used 10 site boreholes on lineaments identified from LANDSAT and
acrial photo interpretation. and ficld observations. The investigation drilled 9 holes, of
which 8 were successful. Costs were extrapolated to estimate costs required 10 achieve 10
vielding boreholes so that they could be compared to scenario 1.




Chapter 4 - Barberton Greenstone Belt

AE | 1K ais Rate ~ Scemario | _ Scenarind
un Cost on Cost

“Desk Study' | 3 Day 1800 < SO00
AVE\.l.G.sur‘\lc;\' \ Das 1 500 B g
“Max Min surver P Dax | 500 <3 KR

Resistivity survey” | Day 300 , 0 | |33 =180
“Geophysical 70 ne | T 33 300

interp, R §

‘ccommodation A "Da i B 650

CANDSA T image | E o ,
TANDsATwierp | Dny T 190K T 5600
_:.\\_D\\ nterp. o )' \ L*: 3 f‘,‘: |

- lrunuu_l \ D 38 3 0%

mapping

Sub total - 0 e
Fxploration

Commumity Hr 10 0 AT 1l 1100
liaison’ {
_"'mg 1 T Hole | 11000 | 20 R ETY 1l 1 121 0nm
“Drill supervision Day — Tow 30 20008 11 HCT
TOoTAL I T Inee . sy |
“Per successful site T | e | IR |
“Niedian sield L« B4 |10 |
_RLs per site . 60500 L

Historic success rates have resulted in an expenditure of approximately R24200 for the
establishment of each successful borehole. If at least RS0 000 were expended on geologically
hased. success rates of nearly 90% could be expected: hence the drilling budget could be
greatly reduced. Expenditure would then be about R18500 per successful borehole.

This analysis suggests that a more comprehensive exploration program and a larger
exploration budget could in the long-term result in significant cost savings. especially in large
regional programs where the costs of regional geological exploration are spread over many
boreholes. In such cases dedicating a larger proportion of the budget to exploration than is
currently the case may result in more efficient drilling and a net reduction in establishmemt
costs per site, For such an exploration program 10 be successful it must incorporate ficld
geological mapping. remote sensing and appropriate geophysical based on identified
hvdrogeological regime

In some cases. such as reticulated systems where production rates are more important than the
number of water points established. it may be beneficial 1o evaluate program efficiency in
terms of costs per unit yield of water. In the greenschists costs per unit vield are less relevant
as the low vield of boreholes and the rugged topography constrain borehole schemes whic
supply several communities. hence the number of individual developed water sources is a
more important indicator of success. Nevertheless. it is possible to measure the costs of water
production in terms of R'l's of water produced. Minimal exploration (scenano 1) results in
costs of R60500Ls of water produced. The data suggests that the proposed methodology
would reduce production costs to R18300 1sec.

4.11  Conclusions and Recommendations

The geology of the arca consists of impermeable granites and meta-basalts (i.e. basal
metamorphosed at a low grade to an amphibolite schist or greenschist). The granites contain
widespread quantz veining, which often fill the fractures, hence the granitic plutons are poor
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geological terrains for groundwater exploration. The meta-basalis are the best targets for
groundwater exploration, especially when fractured by faults and dykes.

The following conclusions can be drawn regarding the potential of structures in the study
arca:

e  Fractures follow a distinet joim set. with four dominant strike orientations: NW < SE. N
~ S, E-W and NE - SW. This joint pattem is exhibited by vanous morphological features
in the Barberton greenstone belt. which include gorges. straight vallevs and other
depressions that are surface expression of buried structural features. The N-S to NE-SW
faults show evidence of being in a dip-slip setting and hence being open structures.
however. the E-W and NW joints are dominant in terms of frequency.

e The best geological features for groundwater exploration in the Barberton Greenstone
Belt are the NNE tending dip-faults. E-W strike-slip faults have also been shown 1o be
water bearing and are associated with formation of deep open cavities that enhance the
permeability of the greenstones,

e The joint analysis of the study area shows that lincaments that have a NW - SE strike
direction is more likely to be compressional and therefore closed. The E-W stnking
lineaments are more likely to be strike-slip faults and are also the hvdrogeological targes
i there is no shear zone associated with the lincament.

e The shear zones also proved to be of low potential due to the generated clay minerals.
which reduces the transmissivity of the sheared greenstones.

e  Acrial photographs and LANDSAT imagery indicate that NW wending lineaments are
the longest and most frequent structures, however, these represent Archean shears or pre
and post Transvaal dykes under present day compression. Hence they are poor targets.
Longer NE wending lincaments represent Archean compressional structures rejuvenated
as shears: these are moderately high vielding structures. Shorter structures trending more
to the NNE represent dip-slip structures under present day extension. Remote sensing
should therefore target the north-casterly trending structures

e The dykes and sills do not seem to be impontant groundwater exploration targets in the
study area. This is proven by low vielding holes that were sunk through the dyke contacts
that were thought to be fractured. This can be associated with the compressional nature of
diabase dyke contacts. Dolerite dyhes in granite batholiths also proved to be low yielding.

e The electromagnetic method was able 1o detect water bearing structural features, which
appeared as nidge of valley discontinuities,

In conclusion. the research study showed that successful groundwater exploration for the
study area is possible. An evaluation of structural geology and hydrogeology conditions of the
area with suitable geophysical methods for the environment increased the success rate from
50% 1o over 80%. High yiclding holes are limited 10 major faults with deep open cavities that
are located in the greenstones,

3-54
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Private Bag X112
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