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EXECUTIVE SUMMARY

significant step forward has been made in
elineating the extent of the groundwater
sources of Swaziland, Based on the data
tained by the Groundwater Survey Projec:
am, it is eclear that the resource is
bstantial, and that there is considerable
tential for future exploitation. However,
cause of the complexity of the water-
aring strata, development will require the
ntinuned efforts and cooperation of both the

government and the private sector, utilizing
oven methods for exploration, abstraction
1d management.

groundwater survey was carried out
tween 1986 and 1981 by the Swaziland
epartment of Geological Surveys and Mines,
ith the assistance of the Canadian
ternational Development Agency: The
rvey involved geological and geophysical
rveying of potential borehole sites, = drilling
5 boreholes, hydraulic and chemical testing

groundwaters, and establishment of a
mputerized database. Twenty-seven 1:50,000
ale and one 1:250,000 scale hydrogeological
aps, covering the entire couniry, were

Based on this survey, the water-bearing
bsurface strata in Swaziland has been
vided into twenty-four major hydrogeologic
its, with many sub-uaits. Of these unifs,
e most productive are the Greenstone Belt
B), Mozaan (MZ), Weathered Basalts

(BA/WE) and Fault Zones (FZ), all of which
ve average borehole yields in excess of 2

L./s. With the exception of Weathered Basalt,
ese units are principally located in the

Highveld area of Swaziland. There are records

for about 1,400 boreholes in Swaziland, of

which about 946 have yield information. The
erage borehole vyield is 1.4 L/s, and
individual blown yields (i.e. short term) range

from virtually dry, up to about 20 L/s,

Long term yields for individual boreholes will
depend on a number of factors, including
permeability of the strata; geographic location;

sources of recharge; available subsurface
storage capacity; and the number of other
boreholes abstracting water from the same
zone. In general, it is anticipated that the long
term yield of each borechole will decline from
the short term blown yield values, determined
as part of the Survey. However, the amount
of decline will be highly variable, and can
only be evaluated on a site by site basis.

Groundwater flow systems in Swaziland are
mostly shallow, and residence times are
believed to be relatively short (less than a few
tens of years). There are numerous springs
and seeps, located primarily in the Highveld
and Lebombo areas. Typically, the cumulative
groundwater discharge from local strata
sustain a modest perennial flow in most of the
small streams draining these regions, even
during extended dry seasoms. It is estimated
that groundwater recharge is between about
0.5 and 15% of average annual rainfall in the
basin areas of Swaziland. These represent
recharge fluxes of between about 0.05 and 5
L/s/km? (litres per second per square
kilometre).

The estimated total potential groundwater
resource in Swaziland is equivalent to a
sustained flow of 20.5 cubic metres per
second (20,500 L/s). To date, only about 6%
of this potential has been tapped. The
Middleveld and Highveld areas of Swaziland
have the highest potential for groundwater
exploitation. ‘

In general, groundwater quality meets World
Health Organization (WHQO) Drinking Water
Standards, especially in the Highveld and
Lebombo regions. A typical hydrogeochemical
evolution of groundwater is from a calcium-
magnesium-bicarbonate type groundwater in
the recharge areas, towards a sodium-chloride
type water in the discharge areas. In the
Lowveld, where evapotranspiration rates are
high and the rate of groundwater flushing is
low, groundwaters tend to become relatively




salty, commonly with total dissolved solids in
excess of 1,500 mg/L.

Groundwater fluoride concentrations are
elevated in some localities, with
concentrations consistently exceeding 3 mg/L.
However, in most of the country, fluoride
concentrations are less than 0.5 mg/L, which
is significantly lower than the WHO limit of
1.5 mg/L. There is little correlation between
fluoride concentration and hydrogeologic unit
types or areas where fluorspar minerals are
present. Fluoride concentrations tend to be
highest in the Lowveld area, where the total
dissolved solids content in groundwater is also
elevated.

Nitrate concentrations in groundwater ranged
up to 38 mg/L, and averaged 3.8 mg/L.
Higher nitrate concentrations were mostly
found in Lowveld region groundwaters. As
with fluoride, there is no simple correlation
with hydrogeologic units; however, there is a
strong correlation with total dissolved solids.
The most probable source for the nitrogen is a
resuit of fixation in the soils around the
leguminous trees and shrubs of the Acacia
species, which are most common in the
Lowveld area.

Now that the groundwater resources of
Swaziland have been assessed and techniques
for locating the higher yielding and better
quality areas have become more advanced, it
is likely that groundwater will be utilized
more extensively. This will greatly assist with
the development of the rural areas, by
providing both a well filtered drinking water
source and a reliable source of water for small
scale agricultural irrigation projects.

In order to properly manage the resource, it
will be essential that water-bearing zones are
protected from pollution and abstraction rates
exceeding natural rates of replemishment. As
there is clearly a strong relationship between
surface and groundwater flow, there is an
additional need to ensure that surface water
rights are mnot compromised by over-
development of the groundwater reservoirs.
The task of preserving groundwater quality
and managing the abstraction rates will be
more effective once the proposed National
Water Authority has been established.
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1. INTRODUCTION

1.1 WATER SOURCES

Swaziland receives a reasonable amount of
rainfall over much of its territory; however,
its frequency and distribution throughout the
year 1s rarcly sufficient to avoid drought
-conditions in low lying arcas. During the dry
season, the people of Swaziland invariably
have to rely on the larger rivers, springs, and
water stored in the few ponds or lakes for
their water supply. Most streams in the
Lowveld area typicaily flow only
intermittently during the wet season, and dry
up completely during the dry season. This has
meant that local residents have either had to
- move, or be prepared to carry waler over long
distances,

Many of the large rivers have headwaters in
the Republic of South Africa, and over the
years these rivers have either been dammed or
the water consumption  upstream  has
increased, leading to significantly reduced dry
season flow in these rivers.

~ Surface water quality is often poor, especially
during the dry season, and prone to carry
disecases such as schistomiasis (Chaine, 1984),
Even though the total dissolved solids
concentration in groundwater is often much
higher than that of the nearby surface water,
where available, groundwater is generally less
prone to contamination. Elevated fluoride
concentrations in some groundwaters have
been known to cause mottling of teeth but,
once the sources have been identified, they
can ecasily be avoided.

1.2 GROUNDWATER EYPLOTTATION
;-Up until the carly 1920%s, groundwater was

shallow holes in arcas where water-bearing
~alluviem could be reached. As most of these
~dug holes were located in river beds, they
~were  generally  washed  away  during  the
. ensuing wel scason.

~explotled  primarily by hand digging of

The early boreholes were drilled using cable
tool rigs, by contractors who were mostly
based in the Republic of South Africa (RSA).
Typically, these boreholes were less than 50m
deep and data on the yields was unreliable, as
they were mostly based on short term bailing
tests (Du Toit, 1928 and Morris, 1954),

Costs of  drilling boreholes, aad the
characieristic "hit and miss" nature of the
development process, was far beyond the
reach of the average citizen living outside the
urban areas, and heoce development of deep
groundwater  sources was  restricted o
government institutions and a few relatively
wealthy  farmers. Proposals aimed at
improving the standard of living of
inkhabitants of the Lowveld areas of Swaziland
often failed to obtain financial approval,
when it was found that they were based on
utilization of groundwater.

Resistivity geophysical techniques, which kave
been successfully applied 1n the adjacent
Republic of South Africa (Vegter and Ellis,
1968, Enslin, 1950 , van Wyk, 1961 and Kent
and Enslin, 1962), have also occasionally been
applied in Swaziland (Whittingham, 1967 and
Martinelli & Associates, 1982(p)). For a
number of reasons, many of these studies
experienced only limited success.

As part of a development project preceding
the Swaziland Groundwater Survey Project,
the Camadian Interpational Development
Agency (CIDA) assisted the Government of
Swaziland (GoS) with training and equipping
Rural Water Supply Board personne!l for
development of water supply systems, most of
which had either spring or borehole sources
(Piteau Asgsociates, 1984 and Dakin et al,
1988). However, the boreholes were often not
successful, due to a lack of knowledge of
borehole siting techniques and proper drilling
equipment in Swaziland.

Since the completion of the Groundwater
Survey in 1991, the frequency of successful
boreholes has significantly increased, with the
resull  that there has been a heightened



interest in the development of this resource
(Piteau Associates Dec. 1992w)).

1.3 HISTORY OF GROUNDWATER
ASSESSMENTS IN SWAZILAND

Since the early 1930’s, the Swaziland
Department of Geological Surveys and Mines
(DGSM), with the support of the British
Government, has had an ongoing program of
mapping geological formations and associated
mineralized deposits in the country. In the
latter phases of this work, some preliminary
work on evaluating groundwater resources
was carried out (Versey, 1977; Robins, 1978
and Robins, 1980). In the process of this
mapping, many thermal springs were noted
and records of the occasional borehole were
examined for relevant geological information
(Robins and Bath, 1979 and Hunter, 1968(v)).

As in many parts of the world, most
boreholes were sited by property owners,
water diviners, geophysicists and agricultural
development officers, who did not have
training in interpretation of complex geology
and its  relationship to  groundwater.
Consequently, many "dry" boreholes were
drilled at considerable expense.

A number of consulting engineering firms,
normally with offices in Swaziland, have been
retained from time to time by local business
enterprises and the Swazilanud Water and
Sewerage Board, to carry out iovestigations
for groundwater supply (Gibb Hawkins &
Partners 1982, 1983 aad 1984; Martinelli &
Associates 1982¢a) and 1982(p); and Carl Bro
Swaziland Ltd. 1982 and 1984). Judging by
the general lack of production wells developed
following these studies, they appear to have
had only limited success.

The DGSM often assisted farmers, schools,
medical clinics, etc. by surveying and locating
borehole sites. Written reports on some of
these surveys have survived (e.g. Morris 1954,
Robins, 1977, Vilakati 1979; and Vilakati
1983). However, these endeavours were all
conducted on an ad hoc basis, and records on
the boreholes subsequently drilled are either
incomplete, unreliable or unavailable.

No systematic records of boreholes (depths,
yields, etc.) or groundwater chemistry were
kept until a card catalogue system was
initiated in 1975. However, even this system
was not maintained. A brief overview report
was prepared in 1987 by an officer seconded
by the Brifish Department of Overseas
Development (Robins, 1978).

QOver the period 1974 to 1979, the British
Government seconded a hydrogeologist to
assist with data collection. They also provided
assistance to the DGSM for purchase of a
cable tool drilling rig and survey equipment,
which was used for drilling and development
of exploratory and water supply boreholes.

A preliminary assessment of the use of
satellite imagery as an aid to locating
groundwater bearing zones was carried out in
the United States (Clarke and Vilakati, 1977).

In 1981, the DGSM was given the
responsibility of evaluating the Country’s
groundwater resources. Mr. A. Vilakati (one
of DGSM’s senior geologists) had aiready
received training in hydrogeology; he helped
convince the GoS that modern drilling rigs,
specialized exploration equipment and trained
staff were needed to enable the DGSM to
help develop the groundwater resources of
Swaziland. When approached f{for assistance,
the Government of Canada agreed to help,
and the concept of a groundwater survey
program was conceived.

The first monitoring wells were established in
1986, when the Swaziland Groundwater
Survey Project was initiated. Hence, there are
very limited records of seasonal groundwater
level changes and volumes of groundwater
recharging the aquifers. :

1.4 CIDA SPONSORED GROUNDWATER

SURVEY PROGRAM

In 1984, the GoS and CIDA signed a
Memorandum of Understanding, in which
they agreed to jointly participate in carrying

-out a groundwater survey of Swaziland.

As part of this bilateral agreement, CIDA
agreed to provide technical assistance, training
of key personnel, and much of the equipment
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necessary to conduct the survey., The GoS
agreed to provide trainees, office facilities,
fuel for the drill rigs, accommodation and
many other items. The GoS and CIDA both
agreed that the overall Project objective was
to "maximize the impact of groundwater
 exploitation upon the economic and social
development of Swaziland."

More specifically, CIDA’s role in the project
was to:

"1)  Establish  the  availability of
groundwater resources and assess these
resources in terms of quality and
quantity;"

"2) Encourage the development of a
National Water Authority including a
Groundwater Branch in order to ensure
rational use of all water resources
including groundwater;"

“3) Increase the local capability of
engaging in further groundwater
exploration programmes and data analysis."

In September 1985, CIDA retained Piteau
- Associates Engineering Ltd. (PAEL) of North
. Vancouver, Canada, to act as the Project

began in January 1986 and continued through
o March 1991, This work included on-the-
ob  training in  geological mapping,
geophysical surveying, drilling and testing
boreholes, sampling and analyzing
groundwater quality, data  gathering,
ompilation in a computerized database, and
preparation of hydrogeological maps and
eports.

1.5 ACKNOWLEDGEMENTS

This report and the Groundwater Survey
rogram are the outcome of efforts of many
ndividuals who worked on the international
eam. As such, it is impossible to name all
nvolved. The study team would like to
‘acknowledge the efforts of all individuals and
~organizations who contributed to the success
~of this Project, which culminated in the
~preparation of this report.

“Aaron Vilakati, Director of the DGSM, while
-an active member of the study team, also had

the foresight and persistence necessary to
convince others that the Project was both
worthwhile and viable. One of his strongest
supporters was Ambrose Maseko (Under
Secretary, Swaziland Ministry of Natural
Resources, Land Utilization and Energy), who
also played a very effective role in chairing
the Project Steering Committee. Napoleon
Ntezinde, Chief Engineer of the Swaziland
Rural Water Supply Board, was a strong
supporter and provided logistical support. Mr,
Ntezinde was supported by Isaac Ngwenya.

The staff at DGSM willingly worked hard to
collect and interpret the data. The capable
efforts of Obed  Ngwenya, Project
Hydrogeologist, were much appreciated.

Technical information and support from all
members of the Project Steering Committee,
Rural Water Supply Board, Aqua Drilling
Ltd., H2O Drilling and Emanti Esive was very
helpful.

Drillweil Enterprises Ltd. of Duncan, British
Columbia, Canada, provided training of
drilling personnel and logistical support
throughout the entire Project. Dr. lan Clark,
of the University of Ottawa, Canada,
provided assistance with analysis and
interpretation of data on natural isotopes in
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CIDA personnel located in Hull, Quebec;
Pretoria, RSA; and Maseru, Lesotho, provided
encouragement and logistical support to
PAEL’s team. The practical experience and
constructive assistance of CIDA’s
hydrogeology review consultant, Mr. Bill
Turner of Turner Groundwater Consultants,
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acknowledged. Mr. Mike Radman (USA Aid
volunteer) and Jerry Wagner Watchell (WUSC,
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hydrogeologists, including Robert Matthews,
Doug Bernard, Orest Tokarsky and Ted
Negash. The assistance of PAEL's staff in
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2.

ACKGROUND INFORMATION ON SWAZILAND

2.1 LOCATIOR

Swaziland is one of the smallest African
natioss, with an area of 17,353 ka (see
Figure 1). It is about one-half the size of
Lesotho and one-fortieth the size of
Botswana. Swaziland has a  compact,
rectangular shape, the maximum north-south
distance being about 170 km, and east to west
about 130 km. Most of the country lies
between the 26th and 27th southern parallels,
and the 31st and 32nd meridians. From
Manzini, "the Hub of Swaziland", it is 397 km
to Johannesburg and 622 km to Durban, both
in South Africa (see Figure 2). The distance
to Maputo in neighbouring Mozambique is
168 km, and to Maseru in Lesotho it is 619
km. Beitbridge, the nearest road access to
Zimbabwe, is 685 km distant.

Swaziland s landlocked, bounded on the
north, west and south by South Africa, and
on the ¢ast by Mozambique. Being landlocked,
Swaziland is inevitably dependent upon its
neighbours, especially South Africa, for
external trade and markets.

2.2 PHYSIOGRAPHY

Swaziland is a microcosm of southern Africa,
encompassing within its small arca four major
geographical zomes (see Figure 3): the
mountainous Highveld {(part of the
Drakensberg Range) iu the west; the rolling
grassfands of the Middieveld in the centre; the
bush savanna of the Lowveld; and, along the
eastern margin of the country, the Lebombo
Mountains. The higher elevations (above
1200m-asl) are along the western border and
lower elevations (below 150w -asl) are found
in the mid-eastern regloms. The official
division  between the Middleveld and
Highveld 1s at 1050m-asl elevation, and
between the Lowveld and Middleveld is about
500m-asl. An east-west profile through the
country is illustrated in Figure 4.

2.2.1 HIGHVELD

The Highveld (Inkhangala) covers about 29%
of the country. It is a mountainous landscape
that forms part of the Drakensberg
Escarpment (Photo 1). The rock types here are
large granite masses, and in the northwest also
include some very old metamorphic rocks.
Elevations generally range from 1,050 to
1,500m, although some peaks rise above this
fevel, the t{wo highest being Bulembu
(1,862m) and Ngwenya (1,828m). Some of.the
rivers are  deeply incised into  this
northwestern region, producing particularly
striking relief in the vicinity of Piggs Peak.

2.2.2 MIDDLEVELD

The Middleveld (Live) lies between the
Highveld and the Lowveld, and covers about
269% of Swaziland, Most of this region is
underlain by granites and goeisses, and the
differing hardness characteristics of these
rocks produces a landscape of open plains and
small bills (Photo 2). Elevation wvaries from
between 500m and 1,050m. ‘

2.2.3 LOWVELD

The Lowveld (Liklanze) is the largest region,
covering about 37% of Swaziland. Elevations
range between about 150m and 500m, though
within the region there are ranges .of hills
which are  higher in  elevation. The
sedimentary rocks of the Karroo Supergroup
underlie most of the area.

2.2.4 LEBOMBO HILLS

The fourth region is known as the Lebombo
Hills (also part of the Inkhangala), which
extend as a narrow belt along the eastern
border of the country. It is the smallest of the
regions, covering only about 8% of the
country, and is basically an escarpment and
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plateau overlooking the Lowveld (Photo 4).
The dramatic landscape is a product of the
bedrock, which is composed of volcanic rocks
at the top of the Karroo system of rocks.
Elevations rise from the Lowveld to a
maximum of 777m, thea fall gradually
towards the east {see Figures 4 and 5). The
mountains are incised by the major rivers,
producing deep gorges. Being higher, the
climate is more eqguatable than that of the
Lowveld. '

2.3 POPULATION DISTRIBUTION

The estimated population of Swaziland is
800,000, There are several factors affecting
population patterns in the rural areas of
Swaziland, including the mosaic of frechold
tenure land and Swazi Nation Land, as well as
climate and the availability of arable land and
water supplies.

Population density distribution in Swaziland is
illustrated in Figure 6. While the population
density of the country as a whole at the time
of the 1976 Census wag 28.5 persons per
square kilometre (P/kmz), on individually
tenured land it was oaly 11.5 P/kmz, and on
Swazi Matlion Land was as high as 36 P/km”
{Goudie and Price Williams, 1983).

he densest population is in the Middleveld
which, while only making up about one-
quarter of the total land area, has over 40% of
- the population. Population densities in the
- Middleveld_averaged 43 P/km*, but exceeded
380 P/km” in many localized areas. In
. contrast, the Lowveld, whick covers 37% of
 the total land area of the country, contains
- only 24% of the population. This could be
becanse the Lowveld’s. low rainfall has an
influence on crop production, although this is
somewhat counterbalanced by the existence of
more nuiritious soils, and hence the better
animal grazing lands. Perhaps of greater
influence is that, until relatively recently, the
Lowveld was rife with malaria and, to a lesser
extent, tsetse fly.

. At the other extreme, the Highveld reg§0r1

with its cool, humid climate and broken
topography, has likewise discouraged
population growth until the recent

development of forestry and other industrial
activities. The Highveld covers 29% of the
surface area and contains 31.2% of the
population. The Lebombo region, the smallest
of the four, has 8% of the country’s area, but
only 4.6% of its population.

Recent political unrest in both the RSA and
Mozambique has resulted in large influxes of
refugees, most of whom have settled in camps
established in the Lowveld area. Recent
industrial development in Swaziland, partly as
a consequence of increased (rade with the
RSA, has resulted in a reduced migration of
skilled workers to the RSA.

The largest population centre is in the west
central region, which includes Mbabane and
Manzini (see Figure 6). This region also
includes the Royal residences of Lobamba and
Lozitha, the nucleus area of the Swazt MNation,
Other concentrations of population include the
mining town of Bulembu (asbestos) in the
northwest Highveld, and the sugar estate
towns of Mhlume, Big Bend and Simunye in
the Lowveld.

The northern portion of the Mlumati Valley
(north Swaziland) is amother area of high
population density, probably because of the
fertile soils and relatively long history of
settlement. There 1s also another concentration
of population in the Nhlangano area
(southwest Swaziland), a zone of fertile soil
which was settled by the emerging Nation
long before they moved to the central part of
the country.



‘3. PHYSICAL RESQURCES

3.1 CLIMATE

The climate of Swaziland is sub-tropical, with
Mbabane being about 300 km south of the
Tropic of
summer trade winds can be relied upon to
bring rainfali to Swaziland. However, over the
last few vears, summer rainfall has been
considerably less than normal.

3.1.1 METEORIC DATA

Swaziland has a good network of long term
meteorological stations dating back to the late
nineteenth century, iancluding Manzini and
Siteki. About 60 rain gauges have been in
operation for more than 20 years and, at 25
locations, maximum and minimum
temperatures have been measured for 20 years
or more. Less complete, but on the whole
adequate, data are available for other climatic
parameters such as wind velocity and
humidity. Locations of most of the currently
operating rainfall and meteorological stations
are indicated on Figures 7 and 8, respectively.
Graphical representation of the operating
periods of the stations  are presented in
Figures 9 and 10. '

Over the period 1984 to 1986, climate data
was entered into a PC computer system for
storage, processing and retrieval. Recently,
the system was upgraded again to make it
even more user-friendly and compatible with
World Meteorological Service standards. The
Groundwater Survey Project made extensive
use of this data.

A summary of monthly average rainfall and
temperature data for selected long term
stations, distributed throughout the four main
physiographic regions, is presented in Tables
Ia= and Ib, respectively.  Additional
meteorological information is presented in
graphical and tabulated form in Appendix C.
Average monthly rainfall, temperature and
evapotranspiration trends are presented in
Figures 11 and 12.

Capricorn. Traditionally, the.

3.1.2 RAINFALL

The relationship between relief and rainfall is
strong. As illustrated in Figure 4, for every
100m increase in elevation, there is an
increase of about 90mm in mean annual
rainfall.

The Lowveld area, which depends only on
convective air currents for its precipitation,
receives between 600 to 800mm of -annual
rainfall (see Figure 13). The Highveld is the
coolest and wettest area of the country, with
orographic lifting of warm, moist air adding
its effect to the convective activity. It receives
an average of between 1,000 and 1,300mm
annually over most of the area, and as much
as 1,800mm in the Bulembu-Piggs Peak area.

The rainy season coincides with the onset of
warmer weather and can start as early as
September. Typicaily, it continues through to
March, but this does not preclude rainfall
occurring at virtually any time of the year. In
spring and autumn, cold fromts with polar air
masses occasionally lift warm tropical air,
producing rain and cold weather,

Rainfall in Swaziland tends to come in bursts
during intense electrical storms, which rarely
persist for more than a few days at a time,.
This applies particularly -to stations in the
Lowveld areas, and is reflected in the
statistics for rain days presented in Appendix
A. For example, the average number of rain
days per year in Big Bend (in the Lowveld) is
about 38, and at Bulembu (in the Highveld) it
is 126. Many stations did not receive any
rainfall during the 1962-63 or 1963-64 water
years, due to the severe drought experienced
in the country.

Stations with records extending back to the
early 1920°s confirm that there has been at
least one extended period of consistently low
annuar rainfall since that time., This is
draphically illustrated in Figure 14, which
shows the cumulated sum of deviations from
the mean monthly rainfall (cusum) for the
Siteki station. The periods of persistently low




infall are those where the cumulative
eviation graph has a negative slope (e.g. the
period- 1925 to 1935).. Similar trends are
shown on other cusum diagrams included in
‘Appendix C.

‘As illustrated in Figures 11 and 12, maximum
monthly rainfalls reach about 850mm,
recorded during March at the Mbabane
station. While the Bulembu station receives
more annual rainfall than Mbabane, the

figures also illustrate the high degree of
variation of monthly rainfall.

‘The lowest monthly average rainfall was 9mm
recorded during August at the Big Bend
ation, located in the Lowveld. The highest
as about 295mm, recorded at Bulembu in
e Highveld during February (see Table Ia
nd Tables C1 to C7 in Appendix C).

Twenty-four hour rainfall intensity is only
ailable for the 20 meteorological stations
dicated on Figure 8. Data for selected long
rm stations is provided in the tables in
ppendix C. These records show that many
ations have records of events where 24-hour
infall exceeded 200mm. The maximum
corded was 290.6mm at Bulembu in 1939.
he three hurricanes of this century occurred
1925, 1966 and January 1984. The Iatter,
yclone Demonia (Goudie and Price Williams
)84), caused widespread damage throughout
e country. :

1.3 TEMPERATURE

aily extremes range from -6.7°C at Big Bend
p to 47.4°C at Lavumisa, The mean monthly
mperatures range from about 12.1°C in
babane up to about 27.6°C during January

Big Bend (see Table 1b). Mean annual
mperatures range from 16.7°C in Mbabane
22.6°C in Big Bend.

ir temperatures are of hydrogeological
terest, as groundwater temperalures are
pically within a few degrees of the mean
nual air temperature, These are shown in
ohyetal form on Figure 15, and suggest that
groundwater temperatures should range from
about 18°C in the Highveld up to 22°C in the
Lowveld. As indicated in Section 6.5, the
erage groundwater temperature in any given

‘monthly extremes appear to be less. These .

area has generally been found to be about 2°C
higher than the mean annual air temperature.

3.1.4 EVAPORATION

Class A pan evaporation data is available for
ten stations, of which six have at least ten
years of data and three have data for more
than twenty years (see Figure 10). Stations
are generally in the Lowveld and Middleveld,
where the more important agricultural areas
are located.

Loss of water from soil, crops, streams aand
lakes as a result of evaporation is more
significant at lower elevations because of
clearer skies (Murdoch and Andriesse, 1964).
Winter water evaporation losses are increased
by the combination of clear skies and dry air
masses of continental origin. Water losses for
a wide range of plant associations have been
surveyed in southern Africa, and this
information has been used in the estimate of
transpiration losses for a number of
hydrological studies (Henrici, 1940).

Annual evaporation is lowest in the higher
elevations (i.e. 1,300mm at Mbabane and
1,711mm at Matsapha), and is highest in the
Lowveld (2,150mm at Mananga). Monthly
evaporation does not vary significantly
throughout the year, typically ranging
between 150mm to 200mm per month (see
Figure 12 and tables in Appendix C).

Potential evapotranspiration (PET) for the Big
Bend (formerly called Wisselrode) Station
(Murdoch and Andriesse, 1964) was estimated
using four different methods. Calculated
PET’s, methods and factors wused are,
respectively, 1,212mm (Thornthwaite, 1948);
1,273mm (Penman, 1954; { = 0.8); 1,295mm
(Walker, 1957; f = 0.8); and 1,457mm (Blaney
1955; k = 0.8). These PET data compared
reasonably well with the actual 1984 pan
evaporation of 1,525mm. Measured annual
evaporation for 1980 and 1988 ranged
between 936 and 3,156mm, and averaged
2,074mm. Based on these results, it appears
that calculated potential evapotranspiration is
about 63% of the average measured
evaporation data from this time period.



3.1.5 DROUGHT HAZARD

Swaziland experiences prolonged periods of
drought during the winter months when there
is little or no rainfall. Even in the summer
rainy months, consistent rainfall cannot be
expected. Thus, many parts of the country
often do not receive sufficiently persistent
rainfall to accumulate enough moisture in the
soil for growing crops.

The anmpual rainfall required to grow maize
without irrigation in Swaziland is about
630mm, and many areas frequently do not
receive this amount. Drought probability maps
for precipitation amounts on either side of
this critical value are presented in Figure 16.
For much of the Lowveld, it is likely that in
six summers out of ten (i.e. 60 %) rainfall will
be less than 508mm, and eight summers out
of ten (80%) will receive less than 725mm.
For the Middleveld and Highveld, the chances
of drought are 20% and less than 1%,
respectively.  Land use capability based on
rainfall is shown in Figure 17.

3.2 VEGETATION AND AGRICULTURE

Agriculture is the backbone of the Swaziland
economy, and in 1984 it directly represented
about 23% of GNP and generated about 40%
of export reiurms. Agriculture ajso employs
about 75%. of the indigenous wage earners.
Since 1984, crop production has stabilized
while manufacturing production has increased
substantially. In approximately one-third of
the country, irrigation 1is essential for
intensive agriculture (see Figure 17).

3.2.1 HIGHVELD

The vegetation of the Highveld is today
dominated by ecxtensive man-made forests of
pines, gums and wattles. All of these are of
foreign ongin, being introduced commercially
from outside Africa during the last few
decades (Photo 1). They tend to obscure the
natural vegetation wkhich, where present, is of
two types, The more exposed areas are
covered with sour mountain grassland, while
indigenous trees typical of African highland
areas (see Figure 18) are resiricied to

protected ravines and boulder {ields which are
free {rom winter frosts. Rainfall throughout
this area is very high, and leads to several
mineral deficiencies in the soil. The resulting
acidic conditions produce an unpalatable
grassland unsumitable for infensive grazing, and
the cultivation of crops is not possible without
replacing the leached minerals with expensive
fertilizers.

3.2.2 MIDDLEVELD

The Middieveld, like many parts of tropical
and sub-tropical Africa, is subject to a long
dry season during the winter which promotes
a vegetation normally called "savamna'. The

" savanna is characterized by tall grasslands,

which bave varying densities of trees. In the
Middleveld, the savanna changes from west to
east according to the amount of rainfall. The
westerly areas tend to be more heavily
wooded, especially necr rivers where moisture
is greater. The eastern areas have fewer trees,
and those present are species which can
withstand drought.

Long grass i1s the predominani’ vegetation type
in the Middleveld, and hence 1s important
agriculturally. Agriculture, together with the
undulating nature of the terrain and a readily
available surface water supply, combined to
make this the most densely populated rurai
region of the country.

The entire region, with the exception of some
of the most eastward parts, provides a fertile
environment suitable for development of
mixed  agriculture (Photo 2). As a
consequence, much of the original vegetation
has been removed and foreign cash crops have
been introduced. This is particularly evident
in the heavily developed Malkerns Valiey.

3.2.3 LOWVELD

In the Lowveld, more severe aund prolonged
winter drought and higher overall
temperatures have promoted a drier savanna
grassland. These severe climatic conditions are
enhaoced by the effect of the rain shadow
caused by the adjacent Lebombo Mountains.
The vegetation of the Lowveld consists of a
mosaic of sweet grassland with scattered




deciduous and drought resistant trees, such as
the many species of thorn trees (e.g. Acacias,
Mkhaya, Siftwetfwe, ete)). Inkhanyakudze
trees (a member of the Acacia family) are
commonly found in low lying areas, and are
considered a reliable indicator of the presence
of a shallow groundwater table.

Under natural conditions, these lands have
always been capable of supporting large herds
of animals, The grasses are highly nutritious
because minerals in the Lowveld soils are not
remroved by high rainfall, and indeed actually
rise to the surface through high temperatures
to assist plant growth. However, unnaturally
high stocking levels can lead to total removal
of grasses, upsetting the equilibrium of the
area. In three parts of the Lowveld, the
natural vegetation has been totally removed,
. and irrigation bas been introduced to enable
" sugar cane to be grown in an area in which it
could not naturally occur.

3.2.4 LEBOMEBO

This is a fairly narrow zone. Although it lies

- to the east of the dry Lowveld, it attracts a
“higher rainfall because of its greater altitude
. and its proximity to the Indian Ocean. The
~west-facing steep slopes, like the adjacent
Lowveld, are in a rain shadow and therefore
are not capable of supporting a great density
of vegetation. Conversely, the wetter east
~facing slopes are often heavily wooded. Some
of the trees are similar to those in the
.Lowveld, but others are rare and originate
from the maritime plains of Mozambique.
Notable features of this area are the steep
-ravines in and adjacent to the river gorges.
They support a large number of tree species,
including some of the rarest plants on earth.

3.3 SURFACE WATER

3.3.1 WATER RESQURCES

Despite being located in the genecrally arid to
sub-tropical region of southern Africa,
Swaziland has long been regarded as one of
the best watered areas of the region, because

it is traversed by several large rivers (see
Figure 19). The combined mean natural
discharge for all rivers leaving the country is
about 144 cubic metres per second (m3/s), or
some 4,500 million cubic metres per year
(Mm3/y). A little more than half of this flow
is derived {rom precipitation in Swaziland
(2,640 Mm3/y).  Increasing extraction of
water, both in South Africa where some of
the rivers rise, and in Swaziland through
which they flow, is reducing the overall
amonunt in the rivers themselves. Current
consumptive water usage in Swaziland 1is
estimated at 1,500 Mm3/y (47.4 m3/s)
(MacDonald &  Partners, 1990), which
represents about 33% of that leaving the
country.

Nearly all the streams and rivers in the
Highveld are perennial, due to the relatively
high rainfall and presence of permeable
water-bearing strata capable of storing and
then releasing water to the rivers. Other than
the larger through-flowing rivers, waier
courses in the Lowveld tend to flow only
after heavy local rainstorms. Even in those
rivers that flow throughout the vyear,
discharge is extremely variable (see Figure 20)
because of the strongly seasonal nature of
rainfall; hence, the need to store water and to
develop groundwater resources. Maximum
discharge occurs in the late summer, namely
in  January, February and Marck, and
minimum flows generally occur in July or
August.

3.3.2 DRAINAGE BASINS

The larger rivers flow from the Highveld in
an eastward direction towards the Indian
Ocean. The principal rivers are the Mlumati,
Komati, Mbuluzi, Lusutfu and the
Ngwavuma. A summary of data on these
rivers, plus two small but significant basins
(the Mnzimnyame and Pongola), is provided
in a table included om Figure 19. Four of
these river basins are located eumtirely within
Swaziland. Flows for the Lusushwana,
Ngwempisi and the Mkhondvo Rivers have
been incorporated into the Lusutfu flows
shown on Figure 19,
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The average annual runoff for all rivers
represents 150mm of annuval runoff at the
downstream border of Swaziland, or about
17% of the average annual total rainfall
(882mm) on the catchment area (Swaziland
and South Africa). This is relatively high
when compared with 8% of rainfall on all
South African river catchment basins.

Estimated runoff per unit area for basins
principally draining the Highveld areas is
significantly greater than that of the rivers
which are principally draining the Lowveld.
For example, the Komati River, above the
Vergelegen gauging station (No. 26 on Figure
21) has 329mm of annual runoff (20% of
rainfall), while the Mbuluzi in its Lowveld
stretch (Station 20) discharges about 25mm of
runoff, representing about 4% of rainfall.

3.3.3 SURFACE WATER QUALITY

A review of the limited number of available
inorganic water quality analyses shows that
total dissolved solids (TDS) in major rivers is
generally less than 150 mg/L. Even lower
TDS values (less than 30 mg/L) are typical of
small creeks draining the granitic terrain of
the Highveld.

In spite of the relatively low TDS of waters in.
the Lowveld rivers, surface waters are
generally not safe for human consumption due
to potential high coliform counts and the
presence of bilharzia blood-fluke, which is
transmitted by a fresh water snail (Chaine,
1984).
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4. GEOLOGY AND SOILS

4.1 GEOLOGY

- 4,11 STRATIGRAPHY

The largest part of Swaziland is directly

which are of Archean (Pre-Cambrian) age and
re on the eastern edge of the Kaapvaal
raton. These rocks, together with ancient
metamorphic rocks of the Swaziland and
ongola Supergroups, occupy the highland
rea in the western and central parts of the
ountry. In the east are sedimentary and
olcanic rocks of the Karroo Supergroup,
which date from the Permian to the Jurassic
poch. These younger rocks, comprising the
owveld and Lebombo areas, lie on the
astern flank of the craton (see Figure 22). A
tratigraphic column is provided in Table II,
nd more information on geology is provided

ywaziland is distinguished geologically for
aving some of the oldest sedimentary rocks
n the world, namely the Swaziland
upergroup rocks. The oldest of these, said to
e about 3,540 million years (My) old is
nown as the Dwalile Metamorphic Suite
onsisting of volcanics and sediments (Table
I).. Above these are the Fig-Tree and
Moodies Groups, which contain shales, cherts
nd quartzites. Also amongst the Fig-Tree are
anded ironstones, some of which have been
xploited for iron ore in the northwestern
art of the country. These ironstones are more
esistant to erosion and form the topographic
idges, while the intervening shales are softer
nd tend to form the valleys. This explains
he relatively rugged relief characteristics of
he Greenstone Belt in the northwest area of

he principal rocks in the Middleveld are
ncient granites and gneisses. These are all
rchean age rocks, being more than 2,000 My
ld. The varying chemical composition of
hese rocks has led to & difference in bedrock
cathering, and subsequent differential

erosion has controlled the topography of the
Middleveld.

The Karroo Supergroup rocks were formed
over a 100 My time span in a terrestrial
environment. There is no evidence of marine
sedimentation in the Swaziland Karroo.
However, Wilson (1982) suggested that
claystones with boulders and pebbles, found
near Nhlangano in southwest Swaziland, were
deposited in a prodeltaic environment,
involving reworking of glacial deposits.

Starting at the base of the Karroo succession
(see Table II), there are glacial sediments
(tillites) formed when southern Africa lay
over the South Pole some 300 My ago.
Overlying these are various shales, siltstones
and sandstones, some of which include coal
measures that are presently mined. The
uppermost rocks in the succession are volcanic
basalts and rhyolites, which were poured over
the land surface about 200 My ago. These
Karroo rocks are intruded by numerous
dolerite dykes and sills.

4.1.2 STRUCTURE

All  rocks in Swaziland’s  stratigraphic
succession have been affected by faulting and
folding to some degree. Most faults trend in
north-south to north-northeasterly or north-
northwesterly direction, but a wide range of
directions are observed (see Figure 23).

The nature of the faulting varies. High angle
thrust faults are common in the Greenstone
Belt, while block faulting predominates in
other areas,

Two major north-south trending mylonite
shear zones affecting Archean granites and
gneisses and Mozaan Group sediments are
present in central Swaziland (see enclosed
hydrogeology map). These zones grade into
narrow, often bifurcating, shears or faults at
their extremities. The dip of the eastern zone
is eastwards at 65 to 75°. The western zone
also has an eastward dip, but at shallower
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angles (35 to 55°). The age of this shearing is
apparently post-Mswati granite and pre-
Karroo (Hunter, 1961). Much evidence is
cited of fault action, with the rocks of the
shear zomes being dense, fine-grained, and
often streaky, strained, and multi-coloured.

For a more detailed description of the
Swaziland geological units, see Appendix D.

4.2 BOLILS

Soil is defined by pedologists as "that earth
material which has been so modified and
acted wupon by physical, chemical and
biological agents that it will support rooted
plants". In Swaziland, the chemical processes
are dominant, as the climate 1s warm and
there is a sufficient rainfall to activate these
processes.

Plots of mean annual temperature versus mean
annual precipitation are useful for assessing
the degree of weathering. These parameters
for four of the major climate stations,
representing the four principal physiographic
zones, are plotted on Figure 24. This figure
shows that the chemical weathering is
moderate to strong in the Highveld areas (e.g.
Mbabane), moderate in the Middleveld (e.g.
Hlatikulu), and potentially moderate to very
slight in the drier parts of the Lowveld (e.g.
Lavumisa). '

Other factors in the development of soil
include resistance of rock minerals to either
chemical or physical processes, groundwater
flow rates, heterogeneity of rock, presence of
chemical buffers (e.g. calcite), etc.

In their role as raw materials for soil
formation, the rocks of Swaziland fall into
three broad groups - acid, basic, and
intermediate (or mixed acid and basic).

Coarse granite, porphyritic granite and
granophyre bosses, Mozaan quartzite, Lower
Ecca grit, Molteno sandstone and Lebombo
rhyolite are the chief examples of acid
geological formations, with imert quartz the
predominant mineral (Murdoch, 1972). Soils
developed on these rocks are usually shallow,
not infrequently absent and, where a solum

has developed, it is mnearly always sandy
(Phoio 5).

By contrast, basic and ultrabasic rocks such as
Usushwana gabbro, Sabte River basalt and the
dolerites and other mafic intrusions of various
ages will, on weathering, have a tendency to
develop soils with a high clay content. This is
especially true for basalt, which weathers to
greater depths than those rocks with acid
parent material at topographically and
climatically analogous sites.

Relationships between depth of weathering
(roughly apalogous to the depth of casing
installed in a borehole), rock types and
physiographic regions are illustrated on the
bottom half of Figure 24. This shows that
weathering is  generally deepest in the
Highveld region. However, this diagram also
shows that depth of weathering s relatively
variable when compared to rock type. In
pariicular, sedimentary rocks tend to show
greater weathering than their chemical
compositions would suggest.

Over the remainder of the country, geologic
units are either truly "intermediate" (e.g. most
granodiorite and andesite, some gneiss, and
occasional slightly calcareous Upper Ecca
sandstone), or more frequently have veins and
lenses set within a matrix of different mineral
composition. These mineral compositions are
so intricately and inextricably combined that
when geomorphic and soil-forming processes
are initiated, the whole mass behaves as a
single polygenetic parent material. The most
common admixture is of basic intrusives
within a siliceous body, such as:

1) Post Swaziland metamorphics with acid
gneiss.

1i) Epidiorite occupying joint planes in
granite.

iii) Dolerite sills that have penetrated Karroo
sediments.

Weathering  of these composite rocks is
hastened by their internal heterogeneity. The
deepest soils in  Swaziland have been
fashioned from intermediate parent material,
including both alluvium and colluvium. The
resultant soils are mainly of medium mixture,
with a range from sand to loam to sandy clay.




.Comparing the three rock groups, outcrops
are most common in places where parent
material is mainly acidic (43% of the total
area, compared with 17% and 16% for
intermediate and basic parent material zones,
respectively). Residual and colluvial soil are
most extensive where the source rock is basic
(80% of the total area). Alluvium, particularly
along major rivers, usually originates from
fragments of disparate rocks and soil wash,
which have blended from mixed parent
materials,

The Middleveld and Lowveld subregions are
more distinct geologically than
physiographically, The Lowveld 1is readily
divisible into an Eastern subregion (EL),
where the parent material is overwhelmingly
basic, and a rather larger Western subregion
(WL), with more varied rocks and soils.
Slightly more than half the WL is associated
with acid rock. The Middleveld is split less
decisively imto a  discomtinuous Upper
“subregion (UM) with much intermediate
parent material mapped in two segments, and
a Lower subregion (LM) which abuts on
Highveld mountains in the  Assegai-
Ngwempisi basins and above Kubuta. The
lower Middleveld has a higher proportion of
- acid rocks than any other part of the country.

Soil types in Swaziland can be subdivided into
nine broad categories, ranging from raw
mineral soils to halomorphic (salty) soils.
These categories and their distribution are
~listed and plotted on Figure 25. The
relationship  between  topography  {(and
“indirectly climate) is very obvious on this
- figure, with all hydromorphic soils being
“located in the Lowveld arca.

- The  relationship  between  permeability,
“leached chemistry and topographic position
. for the Swaziland soils 1s shown on Figure 26,
~"This figure shows that the more acidic the
-soil (l.e. f{rom gramitic areas), the more
- permeable it is likely to be unless mineral
“salts are not well leached out, and hence the
soil  tends towards a less permeable,
halomorphic soil. The presence of many
shallow  springs in the Highveld and
Middleveld areas of Swaziland can be
explained by the relationships shown in this
figure. For example, ferralitic soils in sieeper
terrain would be expected to freely transmit

13.

shallow groundwater flow. As indicated on
Figure 25, there are extensive areas of this
soil umit (Unit H) in the northeastern sector
of the country.
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5. HYDROGEOLOGY

5.1 HYDROGEQLOGIC OVERVIEW

There are very few thick sequences of
permeable geologic units, either consolidated
or unconsolidated, in Swaziland and hence
secondary permeability is of prime importance
for groundwater flow and storage. As
indicated in the previous chapter, massive
bedrock is often at or very close to the
ground surface, except in some of the valley
bottoms. Groundwater flows in zones of deep,
continuous weathered bedrock are rare and
restricted primarily to the Ezulwini, Malkerns
and Manzini areas. In  other areas,
groundwater flow is predominantly through
either fractured and jointed bedrock, or
shallow, discontinuous weathered zones. An
illustration of a typical aquifer and
groundwater flow system in the mountainous
areas of Swaziland is presented in Figure 27.
More details on these concepts are provided
in the following sections, and in Chapter 6.

5.2 HYDROGEOLOGIC UNIT
DESIGNATION

There are no aerially extensive aquifers in
Swaziland, and hence mapping hydrogeologic
units for the purpose of the Groundwater
Survey is problematic. After a number of
attempts, a system that simply defines all
major geological units as hydrogeologic units
and provides a means of identifying sub-
categories of -these units, was adopted. A
series of two-letter codes was established to
identify these units and their sub-categories.
For example, the Nhlangano Gneiss has been
designated as hydrogeologic unit GI..
However, where there is definite evidence
that there is an extensive water-bearing fault
or fracture (FZ) within the unit, then the unit
is designated GL/FZ. If portions of this unit
had hydrogeologically significant features
such as weathering (WE), then the unit would
be further sub-divided and designated unit
GL/FZ/WE.

The principal geologic units and their
corresponding hydrogeologic unit
designations are indicated in Table II. The
distribution of these units is presented on the
1:250,000 scale hydrogeology map included in
this report. As indicated in a companion
report (PAEL, 1992(b)), data was entered into
a computer database for analysis. Pertinent
information and statistics on these units based
on the results of the Groundwater Survey are
summarized in Tables IIT to VI, and presented
in graphical form in Figures 29 to 40.
Information on groundwater quality is
provided in Chapter 7.

In Section 5.4 onwards, highlights of the more
significant hydrogeologic units are presented
and discussed under their general rock type,
i.e. granitic, metamorphic, volcanic or
sedimentary.

5.3 SOURCES OF. DATA AND
STATISTICS

Information on  boreholes, springs and
hydrogeological information was collected
from a variety of sources, including old
reports, personal interviews, drillers’ logs and
from information collected as part of Project
activities. The latter source included detailed
information on 395 exploratory boreholes. The
locations of the Project boreholes are
indicated on Figure 28, and the magnitude of
the borehole yields is shown on Figure 29.

As of March 1991, there were records of
1,653 boreholes in Swaziland; 946 had data on
yields and 1,048 had depth information (see
Tables IV and V). Less than 500 had
lithologic information, with most of these
being Project boreholes. Locations of all
boreholes with yield information are indicated
on the 1:250,000 scale hydrogeology map.

Short term blown yields ranged up to 20 L/s
and averaged 1.36 L/s (see Figure 30), with
the yield distribution heavily skewed towards
the lower yield valnes. About 16% (151) of all




boreholes with yield information were "dry",
defined as having a yield of less than 0.01 L/s
(1 gpm). The higher yields are almost all from
boreholes penetrating major regional faults.

Borehole depths ranged up to about 305m and
averaged 58.8m (see Figure 30). The
population distribution for these depths was
almost Gauss normal. In general, lower
borehole yields are expected in rock ridge
areas, where selective erosion and degree of
weathering and fracturing of bedrock is less
than in adjacent valleys. However, plots of
borehole yields versus elevation (see Figure
~ 31) were assessed and indicate that there is no
- obvious relationship between short term yields
- and elevation.

- There are 324 located and documented springs
in Swaziland, and it is estimated that this may
only represent about half of all springs with
yields greater than 1 L/s.  Statistics on
discharges of 276 of these springs are
summarized on Table VI,

5.4 GRANITIC UNITS

5.4.1 GRANITES (G3, G5 AND GR)

Three granite hydrogeologic units have been
designated, and these are G3, G5 and GR.
Their chronologic significances are indicated
n Table IT and statistics on boreholes drilled
into these hydrogeologic units are listed in
Tables IIT and IV. Considerable information is
available on hydrogeology of granitic areas in
Swaziland, which for many years have been
favoured targets for exploration. For example,
11 (1918) noted that favourable
drographic conditions were present in the
yranitic terrain of the Komati River basin.
'his was a result of rainfall penetrating into
athered granite bedrock (unit G3/WE), and
nfiltrating down to the water table aquifers,
with the resulting temporary storage causing
duced wet season surface water runoff.

-opographically, the granite plutons are
readily identifiable as being resistant to
srosion and tend to form the high ground
{(Photos 6 and 7). Springs (123 records) have
been noted in many places in granitic terrain,
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Contact springs, which are often associated
with dykes and crush zones, occur frequently
in these hydrogeologic units. Data on springs
located in granites are summarized in Table
VI.

There are records of 302 boreholes in all the
granite hydrogeologic units. Borehole depths
ranged up to 191m, and averaged 5Zm (see
Table III), Of these boreholes, 141 have
records of blown yields, which ranged up to 8
L/s and averaged 1.15 L/s. Eighteen percent
(26) of these boreholes yielded less than 0.01
L/s {effectively "dry") as compared to 15.3%
for all units in Swaziland, These statistics also
indicated that 20%, 23% and 10% of the
boreholes in units G3, G5 and GR,
respectively, were “dry". The GR unit had the
highest average yield (1.42 L/s) and G5 the
lowest (0.86 L/s) of the three umnits (see Table
IV).

5.4.1.1 Lochiel Granites (G3)

The Lochiel Granite hydrogeologic umit is
distributed throughout much of the northwest
Highveld region and is intruded by the
Usushwana Complex (UC), Mswati (G3)
granite and by numerous northeast, southwest
and northwest-southeast trending dykes of
dolerite and diorite. Small isolated remnants
of the underlying gneiss and associated
amphtbolites are scattered throughout the
umnit.

There are records of 157 boreholes in the G3
unit. Eighty of the boreholes have records of
blown vyields, ranging up to 7.0 L/s and
averaging 1.17 L/s. Twenty percent (16) of
these were dry. A histogram of the yield data
is presented in Figure 32. Based on data
available, the highest yielding borehole in this
unit is K28-02, which is located in the
northern part of the country, The principal
water strike in this borehole was in a fracture
zone, located at a depth of 122m.

The depth distribution for boreholes in the
G3 unit is almost normal (see Figure 34),
indicating that the boreholes encountered
randomly positioned fractures in bedrock
sufficient to produce the desired yield when
drilling was terminated., Depths ranged up to
137m and averaged 59.3m.
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Massive G3 1s not water-bearing, and the
better yields are all found at contacts between
geological units and in fault or fracture zones.
Further evidence of the relatively high
permeability and water transmitting capacity
of these zones is the presence of many springs
in the sides of valleys, adjacent to where
dykes have daylighted. Comments on the
productivity of the more common water-
bearing zones are provided in the following.

3/ Delerite Intrusive Contacis (G3/DQ)

Dolerite dykes and sills are the youngest
intrusive body in the G3 hydrogeologic unit.
While the G3/dolerite contact zones with
dolerite dykes (unit G3/DO) are often
weathered and productive, statistics show that
as many as 36% (five) of the boreholes known
to be located at these contacts were "dry".
The high failure rate at these contacts is
attributed to the fact that the contact is often
very sharp, with few voids, open cracks or
weathered zones in the hardened recrystallized
granite. Also, in order to ensure the highest
yield possible, boreholes must be very
carefully sited to ensure that a weathered
contact zone is intersected a few tens of
metres below the prevailing water table.
Similar observations have also been noted in
Transvaal (Enslin, 1961) and in Northern
Natal (Van Wyk, 1963).

G3/Gueiss Contacts

The G3 unit is younger than the gneisses and
the  contacts are typically diffuse. These
contacts can also be relatively productive. For
example, a Dborehole (K28-01) near the
Ebuhleni Royal Residence was positioned at
the contact between G3 and a small outlier of
the Ngwane Gneiss unit (GW). The borehole
penetrated alternating G3 and GW (see log of
this borehole in Appendix E), and had a
blown yield of 3.3 L/s. Hence, it can be
concluded that properly located boreholes in
the G3/Gneiss contact zone can produce
significant quantities of water.

3/ Diabase Contacts

Diabase intrusions into G3 are common in
most areas. Diabase dykes are typically
oriented northwest to  southeast, and

potentially provide productive sources for

properly positioned boreholes.

Diabase intrusions often disturb the country
rock, and in some areas the npearby fractures
in the G3 unit form good water-bearing
zones. For example, borehole T14-01, located
about 20 km north of Mbabane, was drilled
close to (but not into) a diabase dvke and had
a yield of 5 L/s. This 67m deep borehole had
a first water strike at a depth of 15.3m, just
below the clay overburden, and the principal
water strike was at 41m. Based on the results
of the constant rate aquifer pump test, it is
believed that this wunit is hydraulically
connected to the dyke. These productive zones
are often located in the bottom of valleys.

Regional Fault and Fracture Zones in G3
Granite (G3/FZ)

When a borehole encounters a regional fault
in this unit {G3/FZ), the yields are often very
high. For example, blown yields of 13.3 L/s
and 10 L/s, respectively, were obtained [rom
boreholes H22-01 and AD12-01. These two
boreholes were located in northeast-southwest
trending faults (see Figure 23 for a general
location and the 1:250,000 scale hydrogeology
map for a more specific location). The G3
fault zones are typically very weathered and a
gquartz sand often flows into the borehole,
This suggests that groundwater has been
flowing relatively rapidly along the faults for
a long time, and consequently localized
weathering of micaceous and kaolinitic
minerals in the granite 1s well advanced.
Before these boreholes can be wused as
production wells, it is generally necessary to
insert slotted casing liner into the borehole to
stabilize the weathered rock walls within the

productive fault zone. More information on

the hydrogeology of regional fault zones i
provided in Section 5.9.2. '

5.4.1.2 Mswati Granites (G5)

These  coarse-grained  granites are the
youngest granites in Swaziland (Hunter, 1961)
and were emplaced in several discrete plutons
(Photos 6 and 7). This unit characteristically
has many feldspar megacrysts and aplite
(acidic) dyke intrusions. With the exception
of the Sinceni Pluton, basic intrusions are rare
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n G5 bedrock. This pluton has been invaded
y many pegmatite dykes, some of which are
undreds of metres wide.

[swati granites weather deeper and more
asily than most of the granites in Swaziland,
aving residues of quartz sand and red-brown
lay (Photo 8).

n many areas, the surface water drainage
atterns are very rectilinear (e.g. the Mbabane
luton). The orientation of valleys is thought
be f{racture controlied, and these fractures
re the source of many springs found in this
ydrogeologic unit.

hile the G5 granites are relatively
ermeable, the permeable zopes are typically
in, particularly in the upland areas, and
icken towards the valleys. The talus deposits
round the perimeter of the G5 plutons
form small groundwater storage

alley and on the eastern slopes of the

gwempisi Pluton (Ntondozi Hill).

here are records of 94 boreholes in the G35
nit, of which 31 have records of blown
These yields range up to 5 L/s and
verage 0.86 L/s, with 23% (seven) of the
oreholes being dry. The highest yielding
orehole in this hydrogeologic unit (AP35-51)
located in the lower Middleveld area, not
r from the Duze School.

4.1.3 Other Granites (GR)

he Other Granites include coarse grained
ranites of the Hlatikulu, Kwetta and Mtombe
Iutons. These hydrogeologic units are located
the southern Middleveld area of Swaziland.

latiknlu granite is very similar to Lochiel
ranite, and the Mtombe granite covers a very
mall area. Kwetta granite typically has
umerous dolerite sills and megacrysts. These
sills often cap the hills and could potentially
reduce groundwater recharge. They may also
act as aquitards, forming perched water
tables, However, there are insufficient
boreholes in this unit to provide confirmation
of these theories.

There are records of 51 boreholes in the GR
unit, of which 30 have records of blown
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yields. These yields range up to 5 L/s and
average 1.42 L/s, with 10% (three) of the
boreholes being dry. The highest yielding
borehole (BK25-51) is located in the Lowveld
area. However, as this is not a Project
borehole, it was not possible to confirm the
lithology and vyield. The highest yielding
Project borehole (BO26-01, 1.3 L/s) produced
most of its yield from weathered granite
above a depth of 37m.

5.4.2 GRANODIORITES (GD AND GM)

Two granodiorite hydrogeologic units have
been designated, and these are GD and GM.
These umnits are located primarily in the
Middleveld and upper Lowveld areas. Their
chronologic significance is indicated in Table
II, and statistics on the boreholes drilled in
these units are listed in Tables III and IV.
The majority of the drilling information was
obtained from the GD hydrogeologic unit,
which is summarized and discussed in the
following subsection,

Springs are a relatively common occurrence in
this unit (22 records). Data on these springs
are contained in Table VI.

5.4.2,1 Usuto Granodiorite (GD)

The Usutu Granodiorite hydrogeologic unit ig
present at many relatively scattered locations
throughout the central and south-central
sectors of the country., Residuals of
serpentinite, amphibolite and pegmatite can
be found scattered throughout the unit,
Dolerite, gabbro and diorite intrusions (both
dykes and sills) are relatively common
throughout this unit, and generally provide
productive water sources, Zones of deep
weathering and contacts between GD and
amphibolite are good water-bearing zones.

There are records of 183  boreholes
penetrating the GD unit. The average depth
of boreholes with depth information in this
unit was 48.5m (see Figure 33), with the
depth . distribution being skewed towards
shallower boreholes. Records of 97 boreholes
with blown vyield information are available
and range up to 20 L/s, averaging 1.61 L/s
(see Figure 32). Over half of the water-
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bearing boreholes penetrated one or more
dolerite dykes, and many intersected fault or
fracture zones. The highest yielding boreholes
(AC23-02 and AE24-01) both yielded about
20 L/s. Borehole AC23-02 is located on a
regional fault, while AE24-01 is located
relatively close to a large dolerite sill, a unit
boundary (with a gneiss unit (GW)), and is in
deeply weathered rocks.

In the drier Lowveld areas, where weathering
has not been as significant in this unit,
borehole vyields are generally low. Some
comments on the various water-bearing zones
are included in the following.

Contacts with Xenolith Bodies (GD\AM
and GD\SE)

Boreholes located in or near the granodiorite-
amphibolite and serpentinite contacts have
almost always produced significant short term
(blown) yields. However, due to the limited
areal extent of these zonmes, the long term
sustainability of the borehole yields needs to
be carefully evaluated for each location.

Intrusion Contacts (GD\DO)

Boreholes located close to or intersecting
dolerite (DQ) and other intrusive contacts,
such as diorite, have been successful in this
unit. For example, borehole AI20-06, located
at the University of Swaziland campus,
penetrated a highly weathered granodiorite,
but did not produce significant amounts of
water until a dolerite dyke was intersected at
a depth 38.5m below ground. -  After
intersecting the dyke, the borehole produced
6.7 L/s.

Weathered Granediorite (GD\WE)

Usutu Granodiorites tend to weather deeply,
A typical weathering profile is shown in
Figure 34. In the steeper hill slopes, the
weathering products are typically eroded
"~ away, leaving either bare rock or dongas.
Extensive and potentially productive water
table aquifers are often found in the valley
floors, where the well leached GD rock
residuals (mostly quariz sand) have been left
intact. For example, four boreholes drilled for
the Project (AL15-02, AK15-01, AM14-01
and AL15-01) penetrated weathered GD in

the Malkerns area and yielded 1.5, 4.0, 6.0
and 6.7 L/s, respectively.

While there are numerous boreholes in the
GD/WE areas of Malkerns, FEzulwini and
Matsapha, most were drilled with a cable tool
rig and have barely penetrated the water
table. Project boreholes AI20-01 and AI20-05
drilled on the Uriversity of Swaziland campus
had yields of 1.5 and 2.0 L/s, respectively.
However, before these boreholes could be
used as production wells, they required
insertion of slotted casing liners in order to
stabilize the weathered rock of the water-
bearing zone.

Few boreholes in weathered granodiorites
have been pumped at their full capacity, and
hence little is known about the productivity
of these aguifers. However, three production
boreholes (AJ19-33, AJ19-34 and AJ19-35),
located on the National Textile Ltd. property
in Matsapha, have reportedly been delivering
a combined yield of about 9 L/s on a
relatively steady basis for over two years,
with no significant drawdown in the aquifer.

Pegmatites in the  weathered (mostly
Middleveld) granodiorites can form
productive zones. For example, three recently
drilled boreholes (not included in the report
database) yielded over 8 L/s at a
pegmatite/ weathered granodiorite contact.

5.4.2.2 Mliba Granodiorite (GM)

The Mliba Granodiorite hydrogeologic unit is
present in one relatively extensive area,
located around the community of Mliba in the
northern Middleveld. The rock is generally
massive, has few intrusions, and is not very
susceptible to weathering. The Mliba area is
relatively dry and borehole yield data was not
sufficient to determine trends but, in general,
this is not considered likely to be a productive
unit.

5.4.3 MICROGRANITES AND
GRANOPHYRES (MG)

Granophyre bodies and microgranitic dykes
are present in many of the intrusive and
volcanic units scattered throughout the
Middleveld, Lowveld and Lebombo areas, and




have proven to be poorly productive. A
number of granophyre plutons elongated in a
north-south direction have intruded the
Karroo volcanic sequence close to the contact
of the basic and acidic lavas. The granophyres
are much more resistant to erosion than the
surrounding basalt. They are usually medium
grained and holocrystalline, while the
associated dykes are fine grained and often
porphyritic (Photo 9). The granophyres were
emplaced as steeply eastward dipping sheets
into the crest of the monocline, and may
represent aborted feeders (Wilson, 1982).

There are records of only four boreholes
penetrating the MG unit, and as such the
statistics are not significant. As these are not
areally extensive units, and since they are of
low permeability, they are not
hydrogeologically important.

5.5 METAMORPHIC UNITS

;5_.5.1 GNEISSES (GW, GN AND GL)

The principal gneiss hydrogeologic units,
starting with the oldest (see Table II), are:
Ngwane (GW), Other Gneisses (GN) and
Nhlangano (GL). There are records of 395
reholes in Gneiss units (see Table III} of
which 204 have records of blown vyields
ranging up to 12 L/s, and averaging 1.53 L/s.
hirteen percent (26) of the boreholes were
dry, compared to an average of 15.3% for all
boreholes drilled in Swaziland. A breakdown
of blown yield statistics is shown on Figure

Gneiss units are not usually weathered to any
great extent. However, amphibolite inclusions
are relatively abundant, and generally form
favourable water-bearing zones. Fractured
and sheared zones, although relatively rare,
are also good targets for boreholes in this
unit, Visser (1956) reached a similar
conclusion, based on experience in the
Barberton area of the RSA. Average borehole
depths for these units are summarized in
Figure 36.

t is also noteworthy that Robins (1978)
concluded that 39% of boreholes drilled in
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gneissic terrain yielded less than 0.05 L/s, and
a similar percentage (40%) was-  estimated
using data from this Project.

5.5.1.1 Ngwane Gneiss (GW)

The Ngwane Gnreiss hydrogeologic unit is
distributed mostly in a 40 km wide diagonal
band extending across the Middleveld and
Highveld, from a position of about orthophoto
36 in the northeast, to AY01 in the southwest
of Swaziland. This unit is referred to as the
Swaziland System "infra-structure” by Hunfer
(1957). Exposures are confined Ilargely to
rapids on the major rivers. Amphibolites, and
more rarely serpentinites, are common within
the Ngwane Gneiss as localized zones, narrow
bands, or small ovoid bodies. Pegmatites are
also abundant, occurring as dykes, veins or
pods (Photo 10). Dyke pegmatites have sharp
contacts and appear to be related to joint and
fracture directions (Hunter, 1957).

There are records of 308 boreholes in the GW
unit (see Table IV), of which 161 have
records of blown yields, ranging up to 12 L/s
and averaging 1.58 L/s. Analyses determined
that seven percent (12) of the boreholes had
yields less than 0.01 L/s, compared with 13%
for all gneiss units. The maximum reported
yield is from borehole AA34-31. However, as
this is not a Project borehole, it was not
possible to confirm the lithology and yield.
The highest yielding Project borehole (AI29-
01, 6.6 L/s) penetrated mostly weathered
coarse grained gneiss and had a first water
strike (5 L/s) in a small fracture, located at a
depth of 55m below ground. The remaining
yield was picked up at a dolerite contact, near
the bottom of this 76.2m deep borehole.

5.5.1.2 Other Gneisses (GN)

This group of metamorphic hydrogeologic
units includes gneisses belonging to the Post
Swaziland Guoneiss Complex, and includes
Mhlatuzane, Tsawela and Mahamba Gneiss
units, As with Ngwane Gneiss, these units
have abundant amphibolite inclusions and are
cut by many dykes and veins of granite,
pegmatite, quartz and diorite.

Tsawela Gneiss is a distinctive
hornblende/biotite tonalitic gneiss, which
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appears to have intruded the Ngwane Gueiss
in some areas. Mbhlatuzane Gneiss is a
hornblende tonalitic goneiss of plutonic form,
which is commonly foliated. Mahamba Gneiss
1s present mainly on Map Sheets 24 and 28 in
southwest Swaziland, and is a high grade
semi-pelitic garnetiferous gneiss included in
the Bimodal Suite (Wilson 1982).

There are records of 43 boreholes in the GN
unit (see Table IV) of which 22 have records
of blown vyields, ranging up to 4 L/s and
averaging 1.43 L/s. Twenty-six percent (6) of
the boreholes bad yields less than 0.01 L/s.
The highest yielding borehole was AE15-02,
located in the Ezulwini valley. This borehole
first ercountered a 1 L/s yield in a confined
fracture zone at 223m, and the vyield
increased to 4 L/s when the borehole reached
a total depth of 43m.

5.5.1.3 Nhlanganc Gueiss {(GL)

Nhlangano Gneiss is typically a pale coloured
hydrogeologic unit, which weathers to a
pinkish-red colour and is present in the form
of folded mantled domes. This unit is located
primarily in the Nhlangano area of south
central Swaziland. Amphibolite bodies and
dolerite dykes are relatively scarce in this
unit. In general, yields from this unit have
been poor, with the better producing zones
close to intrusives, xenoliths and dolerite or
diorite contacts. The dolerite intrusions in this
unit are finer grained aond of different
mineral composition than the dolerites dykes
in the Karrco sediments (Photos 11 and 12).

There are records of 44 boreholes in the GL
unit (see Tabie V), of which 21 have records
of blown yields. These yields ranged up to 5
L/s and averaged 1.28 L/s (see Figure 33).
Thirty-eight percent (8) of the boreholes had
yields less than 0.01 L/s. It is significant o
note that boreholes penetrating massive gneiss,
which were mnot associated with a fanlt,
fracture or other notable discontinuity, had an
even higher percemtage (47%) of dry holes.

The highest vyielding borehole (BN16-01)
peneirated mostly baked gneiss, and the entire
vield came from a small fracture located at a
depth of 49m. The total depth of this
borehole was 61m.

- The highest yielding borehole (BA28-01, 5

Contacts With Amphibolites (GL/AM)

The hydrogeological importance of
amphibolites within other granitoid rocks was
briefly  discussed in  Section  5.4.2.1.
Amphibolites are  crystalloblastic  rocks
consisting mainly of the mineral amphibolite,
which is a complex iron, calcium and sodium
aluminum silicate. Basically, it is a highly
bedded gneiss. These units typically are less
prone to weathering than the surrounding
country rock.

This  sub-unit  includes  the Dwalile
Metamorphic  Suite, and the Shiselweni
Amphibolites. The rocks of the Mkhondo
Valley Metamorphic Suite have been included
in the report with those of the Mozaan
Group. The rock types within these two units
are of very limited extent, and are essentially
untested by drilling.

There are, however, hydrogeologic records of |
nineg boreholes which have predominantly
penetrated the Amphibelite Unit. Three have
records of blown yields, ranging up to 5 L/s
and averaging 3 L/s. None of these boreholes
had vields less than 0.01 L/s.

1/g)  penetrated grey  coarse  grained
amphibolite, consisting of hornblende and
feldspar and occasional round grains of quartz
surrounded by hornblende. The first water
strike (1 L/s) was at a depth of 37m below
ground. The remaining vield was picked up in
isolated zones in the bottom of this 833m
deep borchole.

It is suspected that many more boreholes have
penetrated amphibolites but were not recorded
in the database, due to t(he peneiration
thickness being relatively thim, or because
relevant information was not included in the
borehole log.

5.5.2 DYKES, SHEETS, SILLS AND
OTHER INTRUSIVES (DO)

Massive dykes, sills and intrusive sheets,
composed of dolerite and diabase, are
relatively common throughout Swaziland.
These  hydrogeologic  units have  been
identified as moderately productive. Dolerite
sills are ofien areally extensive and are



mmonly exposed in river banks and eroded
ilies (Photo 15;). The contact zone between
intrusive and the country rock is often

rther from the contact. Differential cooling
‘the inmtrusive results in formation of small
ctures in the chilled zone of the intrusive,
ich may be enhanced by continued
vement of the internal fluids. The adjacent
country rock also becomes "baked”, hardened
d possibly fractured during the intrusion.
ubsequent weathering, which usually
ommences near the surface, enlarges these
‘ractures and, provided that minerals were not
edeposited, creates a good aquifer.

n the southwestern part of Swaziland,
olerite intrusives occur mostly in the form of
ills rather than dykes. Numerous dolerite sills
ntrude the Nhlangano Gneiss, Mozaan
uartzites, the Hlatikulu and Kwetta granites
nd rocks of the Dwyka Group. Borehole
3H24-01, with a yield of 2 L/s, was drilled
hrough Dwyka tillite and dolerite sill contact.
orehole BK25-51 was drilled through
(wetta granite into a dolerite sill with a
eported blown yield of 2 L/s.

here are records of 46 boreholes peretrating
ither  dolerite or  diabase rock and
ncountering water. A majority of the
oreholes encountered either dolerite sills or
ykes; of these, 35 had records of blown

/s {see Figure 35). Thirty-nine percent (11)
f the boreholes yielded less than 0.01 L/s (as
ompared to 15.3% for all units in Swaziland).
hese statistics - suggest that borehole yields
rom the DO unit are highly variable. In some
reas, the dolerite dykes and sills act as dams
r create perched water tables, respectively.
vidence for these effecis is provided in the
orm of wet spots and/or seeps or spriags
cated adjacent to intrusive features.

8.6 VOLCANIC UNITS

The Volcanic group of hydrogeologic units
include Usushwana Complex (U,
Greenstone Belt (GB), Insuzi Group (1Z) Sabie
River Basalts (BA, BA/WE and BD) and
Lebombo Rhyolites (LR). There are records
of 361 boreholes in volcanic rocks (see Table

re productive than the rocks located
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D), of whichk 224 have records of yields.
Yields range up to 8 L/s.

5.6.1 USUSHWANA COMPLEX (UQC)

The Usushwana Complex hydrogeologic unit
is made up mainly of hard, resistant rock
types forming high ground, and is not
considered to be favourable for groundwater
exploration. This unit is found primarily in 1
to 3 km wide bands located in the southwest
corner of the country.

Yield data is available for only two boreholes
within this unit (see Table IV). These
boreholes yielded flows of 1.0 and 4.0 L/s
from weathered gabbro.

§.6.2 INSUZI GROUP (1Z)

The Insuzi Group is a member of the Pongola
Supergroup and includes andesitic lavas and
felsites, with schist and quartzite interbeds.
There are records of 28 boreholes which have
penetrated the Insuzi Unit (see Table IV).
Fifteen have records of blown yields, ranging
up to 6.6 L/s and averaging 1.1 L/s. Thirty-
three percent (5) of these borehkoles were dry.

Boreholes in andesitic lavas and felsites are
variable in their productive capacity, although
the typical yield is less than 1 L/s and several
dry holes have been drilled. Several holes
have also been completed in schists, with
similar results. Other than for Project
boreholes, it is not generally known whether a
borehole obtains its production from fractured
fresh rock or from the weathered zome. The
highest known yield (borehole AX14-01} was
6.6 L/s, and issues from the weathered zone
in andesitic lava.

The Insuzi rocks south of Maloma on Sheet
30, which are in the dry Lowveld-Middleveld
transition area, arc particularly unproductive,
Five project holes drilled to test the andesitic
rocks in this area were all dry. Tt was
concluded that these rocks were thermally
metamorphosed by intrusion  of  the
Kwetta/Mtombe, Hlatikulu, and Mswatl
granites in this area, and any pre-existing
fracture permeability was destroyed.
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5.6.3 SABIE RIVER BASALTS (BA,
BA/WE AND BD)

The Sabie River Basalt unit is primarily
located in the relatively dry Lowveld region.
Sabie River basalts are tholeiitic (olivine-
poor). Basalts in areas where deep weathering
and dykes are relatively rare have been
designated as the BA hydrogeologic unit. In
many of the low lying areas of the southern

Lowveld, the depth of weathering is in the 20

to 40m range. These =zones have Dbeen
designated as hydrogeologic unit BA/WE.

Hunter (1961) and Urie and Hunter (1963}

recognized four major basalt types in
Swaziland: Lubuli (most commony;
Mgwanwini (typically interbedded
porphyritic); Nsoko; anrd a more localized

Sinyamantulu type occurring near the base of
the succession. The distinction between the
types is based on texture and lithology.

Swarms of dolerite dykes and extensive strike
faults cut through part of the basaltic
succession on Map Sheets 26 and 31 in the
areas to the west of Big Bend and Lavumisa
(these areas have been designated as the Dyke
Swarm hydrogeologic unit BD). However,
bedrock exposures are too poor to allow for
reliable basalt unit dip measurements to be
made, and to determine the amount and
extent of strike faulting (Urie and Hunter,
1963).

There are records of 209 boreholes in Sabie
River Basalt units (see Table III). Of these,
162 have records of blown yields, ranging up
to 6.7 L/s and averaging 1.0 L/s. Fourteen
percent (24) of these boreholes yielded less
than 0.01 L/s (as compared to 15.3% for all
units in Swaziland).

5.6.3.1 Miassive Basalt (BA)

The BA hydrogeologic unit is composed of
fine grained, massive, thick bedded basalt
flows, in wvarious shades of dark grey and
dark green (Photo 16). By definition, this unit
designation is restricted to fresh basalt rock,
where weathering is not extensive and dolerite
dykes are rare. Local fracturing provides the
water-bearing zones.

There are records of 80 boreholes in the BA
hydrogeologic unit. Of these boreholes, 51

have records of blown yields (see Figure 37),
ranging up to 7.0 L/s and averaging 0.76 L/s.
Of these boreholes, eighteen percent (10) were
dry. The highest yielding borehole (BL46-01)
is located on the footwall side of a rhyolite
intrusion into relatively massive basalt. This
104m deep borehole penetrated 23m of
essentially dry weathered basalt, and the
remainder was in fine grained basalt with
some quartz filled amygdales. Water was first
struck (0.5 L/s) at a depth of 51.5m. This
hole was uncharacteristically deep for
boreholes sited in the BA hydrogeologic unit
(see Figure 38).

Siting of boreholes in this type of unit is very
critical and, if hydrogeological targets are
carefully selected and surveyed in the field
(possibly using geophysical techniques), the
success ratio can be greatly improved.

5.6.3.2 Weathered Basalt (BA/WE)

Weathering generally is deepest in low lying
areas along intermittent streams, and is often
present in many discrete zomnes within the
same borehole, as a result of the weathering
of successive basalt flows. There are records
of 25 boreholes in the Weathered Basalt
hydrogeologic unit. Records of blown yields
range up to 6.7 L/s and average 2.44 L/s
(Table III). Only one of the boreholes was
dry. There are five boreholes with yields of
about 7 L/s (BA45-01, -02 and -03, BL46-02
and BC46-62). The log of BA45-01 s
included in Appeandix E.

5.6.3.3 Dyke Swarm Basalt (BED)

The Dyke Swarm Basalt hydrogeologic unit
extends the full length of the basalt flows,
and almost the full length of the country.
Swarms of closely spaced north-south
trending relatively fresh dolerite dykes have
intruded the basalt flows. The dolerite dykes
are less susceptible to weathering than the
basalts, and both these and -the hardened,
baked basalts near the dyke contacts form

prominent closely spaced ridges. Small scale

fracturing along the altered dolerite/basalt
contact zones forms low-yielding aquifers,
with highest yields being obtained in low-
lying areas. Outcrops are confined mainly to

R



ream valleys. Urie and Hunter (1963)

nd 30m, and a westerly dip of 70° to 85°.

here are records of 104 boreholes in the BD
nit (see Figure 37). Of these, 86 have records
f blown yields ranging up to 6.8 L/s and
veraging 0.72 L/s. Fourteen of these

he highest yielding borehole was BR41-51
.6 L/s) located near Emsuzaneni, south of
‘the Lavumisa High School in the southern
Lowveld. However, as this is not a Project
borehole, it was not possible to confirm the

roject borehole (W44-01, 3.3 L/s) penetrated
ostly fine grained  Dbasalt with some

/s) in a <confined water-bearing zone,
cated at a depth of 18m below ground. The
maining yield was picked up at a dolerite
ontact, near the bottom of this 64m deep

charge capability. When a new borehole is
stalled in these types of aquifers, they
ecome partially dewatered, causing the
orehole vyields to gradually decline to a
latively low safe yield. The safe yield might
e as little as 109% of the blown yield. Hence,
tionalized water balance calculations are
ry important for determining the long term
€. safe) vyields from these units (see
ditional information in Section 6.4)..

rommurze (1937) summarized the results of
oreholes in dyke swarm basalts in northern
atal, RSA. As in Swaziland, the dykes are
fficult to distinguish from the basalts, and
many places they occur very close together,
ten not more than 15m apart. He reported a
33% failure rate (defined as yielding less than
05 L/s) out of 150 boreholes drilled, with
average depth of 57m and an average yield
0.8 L/s. Fourteen holes (9%) were drilled
deeper than 90m, with a 38% failure rate.
These statistics are very similar to those in
Swaziland, when all boreholes are considered.

dicate a common dyke width of between 20

thology and yield. The highest yielding.
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5.6.4 LEBOMBO RHYOLITES (LR)

The Lebombo Rhyolite hydrogeologic unit is
a thick succession of mostly acidic volcanic
rocks disconformably overlying the ' Sabie
River Basalts, with some interfingering of
rhyolites into the upper part of the basalts.
The rock composition of the LR unit varies
from rhyolite to dacite, both rock types
containing phenocrysts of plagioclase, quartz,
clinopyroxene and magnetite in a fine-grained
devitrified matrix. :

The cross-sections on the Geological Map of
Swaziland (Wilson, 1982) indicate an average
dip of less than 5° (Photo 17). However,
determination of dips 1n the rhyolites is
difficult and, where possible, the results are
quite variable. Hunter (1961) has noted
"highly involved and over-folded pseudo-flow
structures" in the rhyolites and states that dips
are reliable only if taken at recognized
contacts between flow units. Agglomerate
beds are generally 15 to 30m thick. These
consist of angular fragments, generally of
pebble size but ranging up to a few feet
across, set in a yellowish brown to reddish
brown, fine grained ground mass containing
fragmented quartz and stained by iron oxide.
There is usually a coarsening upwards in grain
size, while the rock becomes less compact and
more vesicular and pumiceous.

Only a few faults of any extent have been
mapped, although there are many small faults
at the western edge of the rhyolites.
Granophyre and dolerite intrusions in the
form of narrow dykes are rare, but
occasionally present. Cleverly (1977)
concluded that all the dykes cutting the
rhyolites seem to have a vertical dip.

Typically, the Lebombo rhyolite is covered by
a thin soil often not exceeding 10m in
thickness; underlain by a weathered zone
generally less than 10m thick. The fresh
rhyolite is hard and generally non-water
bearing. All water strikes in the non-faulted
or fractured rhyolites in the Lebombo hills
were found to occur within the zones of
weathering with typically low yields of the
order of 0.3 L/s.

Several springs were mapped in the Lebombo
hiils, where it was observed that the
frequency of occurrence increased with
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distance down dip towards the east, where
stream incision into the topography also
increased. Most of these springs may be
described as depression springs, as they
typically issue from points where there is a
break in the topographic slope. Ferricrete
deposits of one to two metres in thickness
commonly occur where springs discharge on
to a gentle slope, allowing time for the
ferrous iron in the groundwater to oxidize
within a short distance along its surface flow
path, where ferric oxide is precipitated.

Excluding the boreholes located in obvious
fault zones (LR/FZ), there are records of 99
boreholes which are located in the LR
hydrogeologic unit, of which 33 have records
of blown yields (see Figure 37), ranging up to
4.5 L/s and averaging 0.66 L/s. Twenty-one
percent (7) of the boreholes were dry.

The highest yielding borehole (AV49-81) was
reported to have yielded 4.5 L/s. Since this is
not a Project borehole, it was not possible to
confirm the lithology and yield. However, it
is significant to note that this borehole is
located on a ridge in a relatively arid area
and, as it will n