RY FOR MINES,
TORIA.

1pp1y Commission. The report embodics' the results of
m,shgatlon of underground waters over a period of*six

i the courtesy of the Electricity Supply Commission the
urvey is able to publish the report as a companion volume

4, * The Water-Bearing Properties of the more importal
Vormations in the Union of South Africa ” by Dr. H. F.

he first general survey of the’ chemical quahty;of waters
the various geological formatlons in South Afuca.

1 of water for many mdustnal purposes, as well as for
gricultural and domestic uses, is opyious to all.  Of prime
is the quality of water. The gature of dissolved matter
ount in solution materially affect the efﬁmency and economy
‘aising and of some industrial processes in which large
of water are used. Corrective chemical treatment of the
s of water in order to render them suitable for industrial
tmportant aspect of this problem and is discussed in some
s memoir. The composition of underground water is also
in relation to problems of nutrition and health, and in this
1 one might instance the surveys of fluorosis and dental
ducted by the Department of Public Health, or the investi-
| the Veterinary Research Laboratory at Onderstepoort on
“on livestock of highly saline or hard waters,

166, 168, 17

yect of particular interest to geologists is that the chemical
i of a water might afford a clue to the probable origin of the
jation in which it occurs.

19, I

-memoir should be of the greatest use to all who are interested
hemical character of underground water from the industrial

O 49, 77, 9] sientific standpoint.

I have the honour to be,
Sir,
Your obedient servant,

LOUIS T. NEL,
Acting Director, Geological Survey.

i February, 1945.
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[—INTRODUCTION.
PrEVIOUS WORK.

water bearing properties of the more important geological
ms in the Union of South Africa have deservedly received a-
of attention, particularly in the publications of A. L. du Toit
2)* and H. F. Frommurze (3).

11 the other hand the nature and chemical composition of the
Co . round water supplies of the Union, their adaptability for
. - cal purposes and the possibility-of their chemical 1mprovement

' wt received adequate study.

ttle has been published on the extremely interesting problem
relation between geogloical formations and the composition of
derground water, and the modifying influence of climate.

1e investigations of Rindl (4), Hahn and others are confined to
wermal medicinal springs of the Union, and the numerous
sinically important, salt “ pans” have also received a fair but
ufficient amount of study.

The first and only serious attempt towards a systematic classi-
on of the underground water supplies of the Union was made
uritz (5) in 19o8. He, however, confined his investigations entirely
iz Cape Province and only to underground water from the younger
ical formations occurring in that province. In addition there
rer important limitations. For example, little was known at
time regarding the importance of hydrogen ion concentration
‘consequently Juritz gave no pH. figures for the borehole and
1z waters examined—an unfortunate omission in view of the fact
‘a4 knowledge of the pH. condition of the water is essential when
idering the adaptability of a water for technological purposes;
devising methods of chemical improvement.

As regards adaptability for technological purposes, Juritz very
hly classified the waters examined into very bad, bad, fair, good
very good, but it is considered that he had in mind suitability
y as regards locomotive boilers, for judging by modern standards,

¢ of the waters classified as good, would certainly be of very
ibtful use for boiler feed “make-up”, even after having been

sjected to expensive and complicated chemical treatment.

.........
--------
---------
--------
........
........
........

..........

* The numbers in brackets refer to the Bibliography at the end.
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Furthermore, out standard regarding the purity of water st
for botlerfeed “ make-up” have been radically altered since I
this being due to changes in boiler design and performances.

Through lack of detailed geological data, in many of the i

studied, Juritz did not attempt a comprehenswe geo-chemical: 11042 Ge
fication, but nevertheless drew attention to some outs ings in

characteristics of the waters from certain younger geological form ition of -
of the Cape Province. Jwyka w

In 1908; Tudhope- (39) also pubhshed a very short note ¢ . Wlth the
chemical characteristics of a few borehole waters in the Cape Pro .
There are, unfortunately, some very obvious errors in the has
figures given (39, p. 139) and it is dlfﬁcult to judge whether N
is present or not..

Since 1908 a large amount of detaﬂed geologlcal sulvey ion and i
has been carried out by the Union Geological Survey and th 5 enormor
thus far more geological data available than in 1908, which 1t years anc
- the task of attempting a geologic classification somewhat easis j

In 1913, in a paper dealmg with the geology of under
Water in South'Africa, Du Toit (1, pp. 18-19) drew attention
fact that, from pubhshed analyses, it was clear that thereis a d
and fairly close connection betweerni the chemical composition
underground water and the geological formation from whicl
derived. In this paper he compiled a table showing the 4
composition of water derived from the younger geological form
found in the Cape Province, and drew certain conclusions fron
However, average analyses of water (the analyses of the waters a
as they stand) can be most misleading, owing to great variaf
coencentration. The only way to average a group of water an
is first to express the constituents as percentages of total solids,
eliminating the concentration Variable and then to avu“,'.
percentage compositions. ‘

1-a - Wal

“T'he authe

: 1e value

In 1916 Wallis (38) published a very short paper on author h
borehole supplies (mainly in the Ventersdorp beds) in the Vi ‘ “fhe calcar
Mafeking-Bulawayo section. However, this paper cannot be ’
as a serious attempt at a survey, for apart from the very re detailed stu
area covered, there are several errors in the analyses show ifion, but 1
Pp. 24-29). _ “these pan:

In 1928, in another very comprehensive paper dealing stailed stu
geology of underground water supplies in the Union of Sout 5 also outsic
Du Toit (2, p. 103) drew attention to the fact that inadequal ver, be m
had hitherto been made of the salinity.of borehole and sprinj many of 1
particularly regarding their dependence upon geological and i average |
factors and also their adaptability for technological use. ' only in

rterm
entration o
i1 there is
poort Vete:
“drawn a;
ighly salir

Since this latter date, nothing further has been published
very important aspect of underground water supplies of thi
although the chemical branch of the South African Railwa
Harbours Administration have collected a considerable amg
borehole data in connection with chemical treatment of water
for locomotives, but this is as yet unpublished. Moreover, n
analyses have also been made by the Government Labora
by private analysts, but these analyses are concerned maiiil

. y prove c
the potability of waters and are very incomplete, ¥ prov
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v of wats o : _
: Sibson (6, p. 5) drew attention to the importance and

ltered giy , : : _

forman rom the point of view of power station operation—of a
ailed chemical survey of the natural Water. supplies of the

many of {

so-chemi Gevers (31), in a paper on the carbon dioxide exhalations

ome - out ngs in Pondoland arising in the Dwyka Tillite, discussed the:

logical fo ion of the waters of Dwyka Series in Pondoland in rela,tlonz

vyka waters elsewhere. However, this paper was conceme&

short noty with the problem of the carbon dioxide exhalations.

he Cape |

o OBJECTS AND SCOPE OF STUDY.-
5 in the |

author’s primary object is to attempt a general chemlcal
n of the underground water supplies of the Union of South
vith reference to their utilisation for the purposes of power

f1cal survi on and industry generally

')\éey‘ almdi enormous increase in electric power productlon during the
Loy lfv %1(’1 years and the encouragement now being given by the Govern-
what ¢ the Union for the establishment of rural industries (e.g. the

- of the Industrial Development Corporation) would appear
¢ the great necessity for this kind of investigation. Further-
Government has recently given notice of its intention to
y a “ Water Supply Commission ”’ in the near future.
endeavour will also be made to trace the relation between
rious types of waters and the geological formations in which
riginate, and also the modifying influence of climate on the
sition of the water. All the important geological formations
Union will be considered. Comparisons will also be made with
in similar formations in Australia and other countries.

‘will be shown that the chemical character of a water often .
4 light on the probable origin of the rock formation in which
rs, i.e. whether the formation was of marine or fresh water
The author sincerely trusts therefore, that this study may
some value to this branch of geology

- of undey
“attention
there is &
mposition
Tom whie
ring the gy
ogmal forn
sions from

eat variaii
f water an
al solids, 1]
to averag

23

?fetrh OI}V ; (he author has also investigated in some detail the relation

c vy n the calcareous tufa deposits and underground water in the
mot be reg y -
> very rest detailed study of the salt pans is' outside. the scope of the

7ses shown '1gation but the author has discussed the‘ relation between the

¢ In these pans and the “ ground water ”

lealing wit A detailed study of the thermal and medicinal springs of South
of South Al sa, is also outside the scope of the present investigation. Reference
1adequate g however, be made to these occurrences and 1t may be mentioned
nd spring that many of the so-called “ mineral springs ” are no more saline

the average borehole or spring waters in the same formations
differ only in the fact that they are sometimes hot or warm.
fact the term * mineral ” spring is often a misnomer, for frequently
- concentration of dissolved salts is extremely low.

Then there 1s the nutritional aspect. The investigation at

cal and: clipy
use. :

nblished on

Eagvnfx; derstepoort Veterinary Research Laboratory of Steyn and Reinach
 water suy ) have drawn attention to the fact that the continual use over
over, num rs of highly saline or highly alkaline water as drinking water, may
.boratories 1 to certain chronic diseases in animals and human beings. The

hor trusts therefore that his survey of the ground waters of the
on may prove of some value in connection with research of this
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It 1s also hoped that this survey will prove of value in con

with the researches of Dr. Ockerse and others into the incid
-dental fluoro:is and caries in the Union.

 Another possible avenue of usefulness is in regard to pol
natural underground water supplies by mine waters or sew
the general characteristic of waters arising in a certain g
horizon are known, then it should be quite easy to detect v
pollution has occurred.

Several cases of this nature have come up before our C
recent years, but nothing was known at the time regarding the
characteristics of wunpolluted borehole waters in different gex
horizons.

The author’s investigation is principally confined to sub-
waters, that is spring or borehole water, for surface waters are
to considerable variation in concentration and composition, a
isnot always certain as to their source. Henceriver, lakeand dar
are not considered in this study, nor for that matter are mine:
for they are generally very acid and often polluted.

The author is fully aware that there are definite limj
regarding assignment of waters to certain geological horizong
the purpose of this investigation waters have been assigned to-
geological horizons for the reason that the rocks of those fors
outcrop at or near the surface in localities where the water
as a spring oris tapped by means of boreholes.

- Fortunately for the purpose of this investigation the m
of boreholes in the Union are well under 200’ so that there is g
little doubt as to the geological horizon in which these waters
but hidden or unsuspected igneous intrusions, ie. dykes a
often considerably modify the water, and may often be the ¢
anomalies in the general run of waters in a formation, :

Wherever available the author has given borehole ¢
Furthermore, a very large number of the samples were c¢o
personally by the author during motoring tours of the Union,.
such cases steps were generally taken to confirm that the b
were actually lecated in the geological horizon under study..
therefore be reasonably certain, within the limits of present ge
knowledge, that the waters tabulated in the following pnl
derived from a particular geological horizon,

In Juritz's paper (3), there is a tendency to concentrate mr; © rticular
on one particular town or locality, so that a true cross section ¢l i genera
formation is not obtained. . as to t

1t will be observed that in his survey the author has mac y of t]

endeavour to collect samples from as wide an area as possible ' h A viev

the whole of a given geological formation may be more or less ¢

This of course, was not always possible owing to paucity of b

in certain areas or to inaccessibility.

In the following pages the adaptability of the undergroun

supplies of the Union will be considered under the following head
Domestic Supply (General and Potable).

Agriculture (Irrigation and Watering Stock).

Industrial :—
() Power Production (Steam Raising and Cooling ‘¥
(b) General Industrial use.
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TTI.—ANALYTICAL DATA..
Dt geoly ' . ANALYTICAL METHODS.

Since the primary object of this investigation is a survey of the
te too nical nature of the underground water supplies of the Union,
particular reference to adaptability to power production and
try generally, the analyses were naturally carried on in such a
ner as to throw light upon this aspect and differ in this respect

m . ; . )
‘ib?edg o 1 many of those previously published, which were generally carried
ess coy _*rwith a view to potability, and are therefore incomplete in many
3,f bOre "CtS.

These analytical data have been collected over a period of some
11 years. Unless otherwise acknowledged, all the analyses given
ie following pages were carried out by the author or under his
wt supervision.

~Attention is drawn to the following :—

(i) Hydrogen ion concentrations.—As regard pH. determina-
tions, the author has shown in a previous publication
(7, pp. 61-62) that the colorimetric determination of pH.




(i)

p 6

can (under certain conditions) be somewhat unt
Unfortunately the pH. figures given in most of the pu
analyses applying to this country have hitherto be
on colorimetric methods and are, therefore, not __

reliable.

The pH. ﬁgures given in the author’s analytical ih
were determined by means of a Beckmann Electr ‘tlil
meter, manufactured by the National Technical " .
tories, Pasadena, U.S.A. (glass electrode). This in 208
was regularly checked with standard pH buffer so ’ltrli_
and found to be most reliable. for
Hardness Figures.—The total hardness figures WCIN‘ du
mined by means of the potassium palmitate me “be
else calculated from the results of gravimetric i -
In a previous paper the author (8) has shown .t by
usual routine methods of determining hardness by in
of the soap solution method can be totally misle " po
the case of waters of high hardness or containing app ar
amounts of magnesium and chlorides, while even th :
method has its drawbacks. s

It is unfortunate that in many of the analyses
out prior to, say, 1922, not only was the total I ler
determined by soap solution, a method liable f S
with some classes of water, but even the tempor fr¢
permanent hardness were thus determined. The Wi
was to determine total hardness by soap solution ; of
portion of the sample was then boiled and filtered: fo
residual hardness determined by soap selution. 7 fo
supposed to give the permanent hardness. The {e m
hardness was obtained by difference. These 1 N
sometimes gave an approximate result but mo Iy Fi
than not gave rise to some extraordinary hardn e
In this connection attention is drawn to some of tl A

published in the Union Geological Survey M

(70, pp. 478—479). These were taken from Tudhop: “of
{39) to which reference has already been made e
previous section. Several similar érrors also of
found in Wallis’ paper (38, pp. 214, 219). Son 1
hardness figures bear little relation to the CaO ¢ ki
figures given. : '

The author has come across numerous other & fh
when examining old analytical records dealing.: fa
Union. In fact he has found it necessary to d e

“hardness figures in all these old analyses and:

'data. could not be used for this study

them instead from the gravimetric figures for (
MgO (if given). Unfortunately in many of
analyses no alkalinity figures were given and mj
essential figures are missing, so it was not always
to calculate the temporary and permanent hardn
or to say whether Na,CO, or NaHCO; was prese
The author (83) has dealt with this matter in
publication.

For the foregoing reasons much of the old




-'Sodium Carbonate and Bicarbonate—When the total

hat 1 ‘ :

of the | ‘hardness was less than the methyl orange alkalinity, the-

erto b ‘difference was taken to be sodium carbonate or bicarbonate.

re, no . In most cases it was found that only sodium bicarbonate
Was present, though occasionally especially in-Red granite

1alytic ~and Beaufort ceries waters, the water showed a phenolph-

Electi “thalein alkalinity, and had a pH. of over 8-3, indicating

the presence of sodium carbonate as well.
Nitrates and Nitrites.—The presence of nitrates and nitrites
©in a water may be regarded as accidental, inasmuch ‘as
 those compounds are not generally derived from the rock
* formation in which the water arises, and their presence ic

hnical
“his ing
>uffer s

fes wer . ~ due to a number of extraneous causes. These causes will
ate me " © be discussed subsequently (Page 164). |
tetric andly - Nitrates and nitrites were however, always determmed"'
wown - by the author, as they serve to a certain extent, as an
ness bY indication as-to whether or not the sample has been
misleq polluted. As will be shown hereafter, high nitrates alone
g app are not necessarily an indication of pollution (Page 165).
en the | Nitrates were determined quanfitatively by the phenol-

'sulphuric acid method and reported as NO,.

1alyses Nitrites were tested qualitatively by the metapheny-
total hy lenediamine method.
iable Silica.—Silica, that is soluble colloidal silica as distinct

emporas

from the stispended matter which was always filtered off,
The pi was determined by gravimetric methods. Large amounts
tion ; of the sample were taken to dryness with HCl and baked

for an appropriate time and taken up with acid. It was
found that the colorimetric methods for silica deter-
mination were not accurate enough for the purpose.

The results have all been expressed as SiO.,.
Fluorides.—Although with one exception, fluorides have
never been found in ground waters in the Union of South
Africa in amount likely to affect adaptability for industrial

7 Meme -uses, nevertheless, the occurrence of even small amounts
dhope's 1 of fluorides is a matter of great importance in view of
made endemic dental fluorosis. As is well known the presence
s0 are { of fluorides in drinking water, even in amounts as low as
Some 1-0 parts per million may give rise to the dental disease
a0 an known as “ mottled enamel ”.

The author therefore deemed it advisable to test for
fluorides in all water samples, and some very interesting
facts have emerged. (These facts will be discussed on
pages 109-180).

As regards the determination of fluorides, it was found
that the usual distillation method for the determinaton
of fluorides in water, as evolved by Willard and Winter
(r1) and modified by Armstrong (12) was far too long and

man

ays 13;0 tedious for the routine examination of large numbers of

dness fi water samples.

sent ot The method finally adopted was a slight modlﬁcatlon of

1 & pre a microchemical colorimatric method also evolved by
Willard and Winter (11). This modification was worked

d analy out in the Electricity Supply Commission’s laboratory,
and Tard [+na) hac chaum that thic method. on account




of its rapidity, is entirely suitable for the dzrect 1
" determination of fluorides in water samples and g
close approximation to the distillation method, even
case of highly saline waters.

Through the courtesy of Dr. T. Ockerse, the ai
fluoride tests have, several times, been checked I
Division of Chemical Services (who used distillation m
referred to previously and no appreciable differeng

observed,
(vii) Swulphates.—Sulphates were determined gravimetrici
the usual manner (as BaSO,). '

- (viii) Potassium. —Except in the case of brines from certa
pans, potassium is never present in any quantity

Union waters, very rarely exceeding o-5 parts K. pi

Data from other analysts cited by the author, of

figures for K. but the quantity is always extremely:

The author therefore, did not determine pot:
quantitatively, but used a spectroscopic test as an indi

| of the approximate order of magnetude.
(ix) Rock Analyses—Rock Analyses were carried out I
methods of Washington and Hildebrand.

(x) Sodium.—There is no reliable method for the determi

of sodium iu all types of water. Even the * urany
sodium acetate method broke down with certain ty

water. Therefore sodium was not determined. Asind

under (iii) Na,CO; or NaHCO,; was assumed to be

when the total hardness was found to be less thi
alkalinity. In those cases calcium and magnesiur
present as Ca(HCO;), and Mg(HCQ,), (i.e. temy
hardness) ; hence chlorides, sulphates, fluorides mi
present as the sodium salts. _
INTERPRETATION AND REPORTING OF ANALYTICAL DATA, :
It is. bardly necessary to point out that in solution the ¢ = o+ . ore |
metallic and acidic radicles exist in the form of ions and man . of
binations are possible. 5 i
The author has, generally Speakmg, studioudy refraine

making any “ hypothetical ” combinations of ions. __ rgro
There are cases however, in which it is safe to work out rar
thetical combinations, for example, a water showing an appre 5E W
soda alkalinity. In this cace it i legitimate, as previously menti " mat
to express all magnesium and calcium as bicarbonates, ang _ nolt
sulphates, chlorides, nitrates, fluorides, etc., as the sodium salt - . :
small part potassium). : L fre
With most watérs, however, this practice of combmmg i¢
dangerous. The chief difficulty, of course, lies in the fact tha - dim
ie, as already ctated, no accurate method for the determina ,\ trati
sodium. It is to be regretted, therefore, that so many of th ..' . Wt p
analysts have given way to the temptation and have attemp 2 Th
express their analytical data in combined form, following a stere - pr
formula for combination. This has often led to glaring erro :
example, in many of the older analyses, the analyst repori . v
calcium sulphate and chloride and magnesium sulphate and ¢ . A Ge
are present, in spite of the fact that the water shos - -

appreciable soda alkalinity and no permanent hardness at all (Wa T Cl
p. 214, and Tudhope, 39). o HANEY



¢ady mentioned, the author has analyaed the waters
rom the technological viewpoint, so that in the following
jures are reported for such items as total, temporary,
- calcium and magnesium hardness, as well as methyl
dinity. In addition, however, the silica, fluoride, nitrite,

oride, sulphate, etc., content is given, but data as regards
saline ammonia, oxygen absorption, etc., are excluded, as
tes are only of interest with regard to potablhty and do not
_chemical characteristics of the water in any way.

; analytical tables, the author has given the ordinary ana.ly31s
ter, but in addition has expressed all the important consti-
percentages of the total salts, thereby eliminating the factor
fration.

statement is often made that no two borehole waters, even
j¢ formation, are ever alike. That this is not the case is well
t in the author’s tables. In most cases the apparent
‘between borehole waters located in the same formation is
one of concentration. It is therefore contended that by
the results as percentages of the total solids a much truer
can be made between different waters. Essential similarities
upht to light and the data become intelligible, instead of being
umble of figures.

11 be observed that in the Tables, a few of the percentage
re placed in brackets. These bracketed figures are regarded
abnormal and not in line with the general run of waters in
nation. The bracketed figures are not included in the average.

: _MgO ratio is given in the case of each water sa.mple, so that
tison may be made with the CaO:MgO ratio in the rock

I11.—HYDROLOGY.
OGY OF THE UNDERGROUND WATER SUPPLY OF THE UNION
o OF SOUTH. AFRICA,

re proceeding to a detailed study of the chemical charac-
of the underground water supplies of the principal geological
on in the Union of South Africa, it will be necessary for the
f this study to summarise what is known of the geology of
lerground water of this country.

derground water is classified according to origin into meteoric
s5¢ waters and magmatic or juvenile waters. ,

wmatic or juvenile waters are waters which existed in the
il molten magma and issue from great depths in the earth.
eoric or vadose waters are waters which have infiltrated into
1 from the surface Included in this group are ‘‘ connate ”
‘{hat is sea water of ancient oceans, which have been trapped
sediments laid down in those seas.

tration of rain water from the surface of the ground is
1t primarily upon—

{#) The rainfall: infiltration is generally regarded as being
~ proportional to annual precipitation ;

{0} The amount and nature of the soil and subsoil, and porosity
~ of the underlying rock mass;

¢) Geological factors such as ]omtmg, dlp of strata, presence of
" faults, dykes, etc.;

dy Chma.tological factors ;

(¢} Geographical situation,
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As regards (a), Du Toit (14, p. Izo) is inclined to reg
magnitude of the annual prec1p1tat1on as a much overrated faci:
points out that though the supply is maintained by infiltratic

iass and
in the :

the annual rainfall, yields are almost independent of the mag table
of the season’s rainfall. For example, there is less difficulty in obi
water in the semi arid Karroo than over much of the Transvan ological
treble the rainfall. Du Toit ascribes this to the fact that thg
clayey characteristics of the soil developed in the wetter ;
tends to prevent the ingress of the surface water as freely as bart iron
drier areas. Ma, and
With regard to (b), the soil covering in the Union is, get i 1sla
speaking exceedingly scanty and rock outcrops relatively abu play i &
This fact plays an important part regarding infiltration of 1 "“rt e i
into the ground. : i e:sg
The underlying rock masses can be divided into water- ntrustve
and non-water yielding. The former class can be subdivided ii vems 1n
(r) Porous or permeable rocks which hold water thros Pressure V)
their mass ; ily no lar,
(2) Rocks plactlca,lly impervious in mass but holding wi Jia. Me
joints, cleavage places, fissures and other openings 1 gneiss
faults and ‘ shatter belts . i OCCULS In
To this class crystalline rocks, such as granite, | ibed by F
though granite is frequently porous in the * weath Very smal

or decomposed zone very near the surface.

Du Toit (x5, p. 169) has shown that the rock strata of the 1
taken as a whole, unfortunately possesses a very low degree of i
and that this is especially true of the rocks of the Karroo s
which cover quite half of the Union of South Africa.
For example, Du Toit gives the average porosity of the I

ite series
Apart fron
atively e
“the Karro
other form

gyt . . 7 A1

tillite as not exceeding 2 per cent. The Beaufort series av ‘.‘&oung
about 4 per cent., while the Stormberg series averages about : ‘1.1.(;,1'(:(;1111@
cent. The Ecca series, including the coal measures, averages i riles from

12 per cent. but shows a fairly wide variation. uted the

Quite apart from the porosity there is the fact that, as p
out by Du Toit, over a very large area the Karroo strata arg
nearly horizontal, which means that the bedding planes are not i
inclined to receive the rainfall. Now, infiltration of rain wi
inclined strata largely proceeds by way of bedding planes, w
in horizontal strata the infiltration, unless the rock is of a j

nature, proceeds by less well developed vertical ]omts in th
mass.

and th

W/

\, geologic:
hemical 1
arid regio
4is variow
' Calcrete

Sandstones are generally regarded as being among the
porous of rocks, but this apparently does not apply to the
sandstones. According to Wybergh (16, p. 67) the results of
large number of tests on sandstones from different geological for
in the Union, gave the low average figure of 12-4 porosity. I
70 per cent. of thése samples gave a figure of under 15 per.

Enormous areas in the Union are covered by the ancient cry: is nec
granitic and gneissoid rocks which, except for limited porous me depo
due to surface weathering, may be regarded as non-porous.. i are Oft

- Permeable strata are apparently confined to the partly conso ites  or
sandstones and the marls of the Cretaceous system which h
to be very poorly represented in the Union, being limited to the
of the Cape Province and to the Zululand coast. Owing to - ules or @
of permeable strata in the Union, the rainfall infiltrates iy soll.
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s and there circulates by means of bedding planes, joints and
‘in the rocks just below the ““ zone of weathering "' and conse-

at no great depth., There is thus, generally speaking, no real
~ table”, the underground water tending to accumulate in

vlogical structure therefore plays a major part regarding
lion and accumulation of underground water in this country.

art from the question of the dip of strata, faulting and folding
ta, and the presence or absence of well defined joints and
‘it is a well established fact that intrusions of igneous rock
lay a large part in affecting the circulation of underground
in the intruded rocks. Springs often occur in the vicinity of
Tor example, the dolerite instrusions in the Karroo sediments,
irusive diabase sills in the Pretoria series and-the dykes and
7 veins in the Dolomite series and in the Old grey granite.

Pressure Water—On account of the above facts, there are conse-
tly no large ““artesian’ basins in the Union such as occur in
rnlia. Merensky (17) has described a local artesian basin in the
xd gneiss at Koperberg, Namaqualand. A much larger artesian
} occurs in the Uitenhage district, Cape Province, and has been
ibed by Frommurze (3, pp. 16-18) and also by Du Toit (x8).

ery small localised artesian areas have been reported in the
nite series of the Sprmgs district, Transvaal.

Apart {from small artesian basins, a few flowing boreholes, due
Jatively local structure are known and are mainly connected
; the Karroo basin, though a few are reported from the Dolomite
“other formations,

- A. Young (19) has described tidal phenomena. in the “ flowing ”

| interconnected boreholes at Tarka Bridge, near Cradock, some
miles from the coast and at an altitude of 2,700 it., and has
ibuted the phenomena to extra-terrestial causes.

Du Toit (2, pp. 91—-93) states that, generally spea.kmg, gxound
r is struck at comparatively shallow depths, that is, well under
{ft. and that it is seldom worth going below 400 ft. though
ionally holes over 1,000 ft. have been drilled with good yields
. at Pretoria, in Pretoria Series).

1ngs &

nite,
weall
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in the |V.—THE RELATION BETWEEN THE UNDERGROUND

WATERS AND SURFACE LIMESTONES.

A geological phenomenon which is of interest in connection w1th
‘chemical nature of underground water is the formation, in the
‘¢ arid regions of the Umon of South Africa, of secondary limestone
0sits variously known as ‘ Calcareous tufa 7, *“ Surface Limestone ”’
“ Calerete ”

It s necessary to d1st1ngu13h between these true secondary
nestone deposits and lime-encased pebbles and boulders of dolerite
ch are often found on the weathered outcrops of the Karroo
rites  or Ventersdorp lavas, and which are the result of
eathering ”. '

: The true seconda,ry limestone deposits or calcareous tufa occur
rodules or as continuous sheets on, or a few feet below, the surface
he soil.

ich hap
0 the &
to this
es into
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These sheets may vary from one or two feet to well over a hu
feet, though usually they are never of any appreciable thi
The calcareous tufa deposits have been described by R. B.
(44) and others. _

The tufa is apt to develop upon those formations cont;
limestone, dolomite, or calcium silicates, providing of course,
the climate is sufficiently arid, for example, the regions underla ND C
the Dolomite series, the Ventersdorp lavas, the Dwyka tilli
Ecca shales, the Lower Beaufort shales, and the Amygdaloidal
of the Springbok Flats. The tufa is found more particular
flattish ground. s

‘The calcareous tufa varies cons1de1ab1y in chemmal comp
as shown by Wybergh (20) and others, but essentially it consi
calcium carbonate with an exceedingly small amount of mag
carbonate, the variations in chemical composition being due {
presence or absence of material derived from the soil. Sometir
tufa is almost pure calcium carbonate, but more commonly i
high silica content, and less commonly, appreciable iron oxic

Beauf

alumina. _Tuf
Du Toit (14, p. 407) states that in the formation of tufa tl ereen

of the clayey matter in the soil appears to be pushed aside b

accumulating carbonate of lime leaving the large sand gral -

pebbles to be enveloped. That this is generally the case would —

to be proved by the high silica and low Al;0;.Fe,O, content ¢

calcareous tufa. However, as will be shown la.ter this is not- a

the case and occasionally the tufa contains a large amouy 9-

Al 0;.Fe,0, as well as Si0O, which is indicative of admixture:

the clayey material in the 5011 (2'4'2
The explanation usually given to account for these sec

surface limestones is that they originated through the evapora z

calcareous underground water at the surface of the ground, the (4°

water having been drawn to the surface by capillary attrisiis —
(Du Toit 14, p. 407 ; Wybergh zo, p. 14).

Du Toit draws attention to the partial elimination of mag Ni
compounds compared as with the parent rock. Wybergh (ac 35+
a large number of analyses of calcareous tufa from different j:
the Union, but no reference appears in the local literature r i
the nature of the ground waters from which these deposit i
primarily derived. 99

In view of the complete absence of the sulphates and chitii . B
of sodium, calcium and magnesium and sodium carbonate, as. A
the very appreciable reduction of magnesium carbonate ir
deposits, it appears to the author that the term evaporation ¢
a wrong idea as to the origin of these deposits,

RELATION BETWEEN GROUND WATER AND CALcAREOUS T W

In view of the abovementioned fact that there is nothing.
literature regarding the relation between these tufa deposits
ground water, and in order to throw more light on the origin
deposite, the author carried out the following investigation

-Analyses were made of certain calcareous tufa ¢
and compared with the analyses of underground wat
immediate vicinity of those deposits. Table A gives I
of these comparative analyses.



TABLE ~RELATION BETW v THI GROUND WATER AND CALCAREQUS TUFA. I3-L4,
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_The analysis of the water is expressed as a percentage of
he total solids. In each case the CaO : MgO ratio of the tufa
nd waters is given.

nple 1.—Victoria West, C.P. {Calcareous deposits on rocks of
wer Beaufort series).

n comparison be made of the deposit and the water from which
bly it was derived, it is found that there has been a total
tion of chlorides and sulphates, and about 50 per cent. ehm1~
of magnesium,

¢ ground water in this case was of the highly saline chloride-
¢ type. |

¢ analyses of the tufa indicates that in this case at least, there
- been a total exclusion of clayey matter from the soil in the
suggested by Du Toit, for the Al,0,Fe,0, and SiO, content
clable. Moreover the tufa is much harder than the usuaJ type.

unple 2.—PBloemhof, Transvaal {on lavas of the Ventersdorp
1).

"_)Gomposite sample of the calcareous deposit was taken on the
de of the town, as well as a sample of borehole water from the
iate vacinity of the deposit,

e water was of the temporary hard (carbonate) type. The
as fairly soft, and the analysis showed it to be very pure, though
has been a sllght admixture with sandy material, as shown by
(), content. In contrast to the previous case, there has been
' no admixture with clayey material from the soil, a fact
ed by the low Al,O,—Fe,0, content.

1e comparative analyses show that there has been a complete
wtion of chlorides and sulphates (sulphates were however, low
ground water). There has been 70 per cent. elimination of

: am;ble 3.~—Near Britten, Transvaal (on rocks of the Dwyka

[he tufa was sampled from a deposit 3 miles west of Britten,
main road to Kimberley.

the analysis of tufa shows it to be fairly pure, though the high
- content indicates contamination with grains of sand. The
ALO;.Fe,O4 points to the exclusion of clayey material in the
er suggested by Du Toit.

'he water is of a highly saline type. The comparative analyses
an elimination of chlorides and sulphate and almost complete
ition of magnesium,

ample 4.—Christiana Townlands, Transvaal (Dwyka series?).
1c deposit was taken from the townlands north of the town.
water in the vicinity was a fairly saline type. Almost complete
ation of chlorides, sulphates and magnesium is shown.

ample 5.-—Beaufort West, C.P. (On rocks of Lower Beaufort

[

he analysis of the deposit from the Beaufort West townlands
fes a certain amount of admixture with both the sandy and
matter in the soil.

he ground water was a temporary hard, high sulphate water,
ning a little sodium bicarbonate. - (The analysis of the water
n old one, made by Juritz, of a .Beaufort West water, not
warily in the 1mmedlate vicinity of the deposit).
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There has been a complete elimination of sulphate, chlori
.sodium carbonate, while a considerable reduction in magnesius
taken place.

Sample 6.—Hofmeyr, C.P. (On rocks of the Upper B
series).
The ground water is of a highly saline type (chloride-sul
water).

* The analysis of the tufa indicates a considerable admixture
sand. There has been a partial elimination of magnesium and
climination of the sulphates and the chlorides of calcium, mag
and sodium, which were very high in the ground water.

Sample 7.—Kalkheuwel 389, Pretoria District (On B
sandstones, overlain by Bushveld amygdaloidal basalt).

The ground water in the immediate vicinity of the deps
shown to be a very hard water but with an appreciable
bicarbonate content. The CaO : MgO ratio is 1:1-4. The an
of the limestone (quoted by Wybergh) shows it to consist &
entirely of calcium carbonate, the MgCO,; and Na,CO; having
almost completely eliminated.

Sample 8.—From farm Tweefontein, Kaap Plateau, Wi
Campbell (Dolomite series).

The analysis of the deposit indicates that it 1s very pur(.
As a matter of fact it is not a true tufa inasmuch as the samy
not taken from the surface of the ground, but from the botic
sides of a very long open trough, used for .conveying water i
hillside spring down a very long slope to a farm house, so thes
been no admixture with sand. This deposit had been accumu
for years.

" The analyses of the deposit and the spring water were ing
among the others in Table 1, as the formation of the deposit ajs
to throw light on the formation of the true surface limestones, -
abound on the surface of the ground in the vicinity of the sp

The spring water is extremely hard and 8z per cent. of t}
dissolved salts consists of the bicarbonates of calcium and mag
{or 63 parts CaCO; per 10%). The CaO :MgO ratio is 1: 11
the - complete analysis of this water see Sample 110, Tal
Section XI).

The analysis of the deposit shows an almost complete elim
of magnesium, the deposit consisting of g5 per cent. CaCO; wil
3-8 per cent. MgCO,, whilst the other compounds present
spring water have been practically eliminated.

The calcareous tufa found on the surface of the ground
vicinity of the spring is almost identical in comp051t10n exce
small admixture with sandy material.

The flow of water down the trough is too rapid for any app
concentration to take place, yet there is an almost continuous de
of CaCO,. :

In this spring water the concentration of the bicarbo
calcium and magnesium is extremely high, namely, 63 |
CaCO; per 10%) The pH. of the water was 7-9, whilst tl
CO,” was only 0°02 parts per 10°,
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2, chl the work of Tillmans and Heublein (4x) has shown that
‘ ut of CO, required to hold Ca(HCOg), and Mg(HCO,), in
wver and above the amount of CO, to convert insoluble
1 MgCO, in the soluble bicarbonates increases rapidly at
miration of the two bicarbonates (any excess of CO, over
med “ free CO,"” or “ agressive CO,”). It follows that in a
that of this spring, which is heavily charged with the
es, the slightest loss of CO, would immediately result in

admixt -~ down of equilibrium and deposition of the normal car-
?a1um a / Ca(HCO,), is even less stable than Mg(HCO,),; moreover
M1, IAEHE - ~much less soluble than MgCOs,, so that the resulting deposit
ter. ‘ consist of nearly pure CaCOj.
t)(On Bu -_ -stability of the bicarbonates can be destroyed by evaporation,
A ” {einperature or mechanical agitation. :
the dep . .
eciable s his particular case evaporation and concentration, as shown,
The at yery small part, so that the heat of the sun is sufficient to -
consist 4 . - ,he equilibrium and break down the bicarbonates with the
Os havir ' t deposition of CaCOyj, mixed with a very small amount of
' “{he other compounds present in the spring water remaining
ateau, WLl
already stated the calcareous tufa lying on the surface of the
Ty pure ifn K 2 in the vicinity of the spring is also almost pure CaCO, -
t%]ee ggg%i data shown in Table A indicate that whatever the nature of
¢ water wnd wafer, the rufa consists almost entirely of CaCO, with or
' admixtore with a little sand or clay. It would appear therefore

se, so ther

A of CO,, through rise in remperature, rather than evaporation
:n accumul

_g;;;round water is the cause of the formation of the calcareous
oeits in the Union. Had the formation of the fufa been the
| evaporation of ground water at the surface, one would expect

T were ingl i
4 little calcium sulphate, etc., in the tufa, while magnesium

deposit apyj

n;esé?nes, be considerably higher than it is in these limestones.

O o

ent Oef ?})}L might be argued that the more soluble salts had been leached

and mapn v a considerable period of time. This might be true of the

P f oluble compounds like sodium and magnesium chlorides, sodiurn

1o, Tabl nate and sodium sulphate, but-one would not expect all the
’ ) sulphate to be leached out and certainly not practicaily all

ihgnesium carbonate.

formation of these surface limestones is therefore in no way
from the formation of stalactitic and stalagmitic limestones
ves in the Dolomite or to the formation of travertine spring
its in Pondoland and elsewhere ; that is, it is due to loss of CO,,.

lete eliming
aCO, with
present i

ground

11 except nother close analogy is the formation of nearly pure CaCOy,

i the cooling systems of turbo-alternator plant or in the cooling
ackets of oil engines. This problem is discussed in Section XXV.
ill be shown that, whalever the nature of the raw (unireated) water
Jor cooling, the vesultant scale always consisis almost entirvely of
2 MgCO; is negligible in amount, whilst all other compounds
hsent.  This {s in direct contrast to boiler scales, the composition
hich depends on the raw water used and degree of concentration.
eam boilers two factors are involved, namely, thermal decom-
on of the bicarbonates and excessive concentration of all dissolved

Ny apprec
10us depog

ilst the *
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solids. In cooling waters, on the other hand, though the temp
rises, it is always well below boiling point, while concentra would
dissolved solids is always very small compared with that of qua
waters. Hence the chief factor involved is loss of some CO, * ]
the slight rise in temperature of the cooling water. . of er¢

CONCLUSIONS. . ' thou

In this section the relation between underground wate sording
surface limestone deposits has been discussed. It has been show it N
whatever the nature of the ground water, the tufa consists Ovinee
of calcium carbonate, with a very small amount of magnesiun s of ;

bonate, there being generally some admixture with sandy m the ¥
and, less commonly, with clayey material from the soil. '

It is here suggested that the formation of these surface lim ‘ it w
is not due so much to the evaporation, concentration and cons 'smal
deposition of salts from the ground water but to loss of som L
resulting in the breakdown firstly of the bicarbonate of calciu averay
subsequently that of magnesium. An analogy is drawn wi 35
formation of calcitim carbonate scale found in cooling water
of steam power plant and oil engines.

V.—THE WATERS IN THE “OLD GREY GRANITE"”
GNEISSOID COMPLEX.

From the point of view of this study this formation is o
great importance, for enormous areas of the Union are occup
the ancient granitic and gneissoid complex. Du Toit (2, p
states that fully one-tenth of the boreholes, sunk by Gov:
since Union, penetrate the ancient granites and gneisses.
this formation comes a close second in area to the Beaufort se
the Karroo system. '

Since, however, the regions occupied by the “0Old”
complex are mainly agricultural, there are but few towns of impo
located on the formation compared with, for example, the Be
or the Ecca formations of the Karroo system.

DISTRIBUTION AND RAINFALL,

The principal areas are practically the whole of the No .
Transvaal, the Eastern Transvaal, Eastern and Coastal Natal ai _ Y LglO(
North Western Cape Province, including Namaqualand. Inli , ‘which
the Old granite are found in the South Western Transvaal anc
North Western Rustenburg District ; and there is also the ver
~granitic boss between Johannesburg and Pretoria, as well
Vredefort boss on the Transvaal and Orange IFree State bore

Average Rainfall— Per Annum,
Zoutpansberg District......... eevo.. 10" tO I 5”_
Pietersburg District................ . 15" to 2‘-‘5
Letaba District............. civee.. 18" to 30"
North-Western Transvaal........... 15" to 20"
Pilgrims Rest District (Kruger Park) 15" to 20"
Nelspruit /Barberton Districts........ 25" to 35"
Swaziland.................. e 30" to 45"
Zululand and Natal Coast...... ... 35" to 40"
South-Western Transvaal..... ciee.. 258" to 30"
Rustenburg................ creaene. 227 :

"Rand/Pretoria..........civvveess.. 25" to 30"

Namaqualand and North-Western Cape 5" to 10
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UNDERGROUND WATER SUPPLY.
ould be expected in the case of such a hard compact plutonic
‘yuantity of water obtained by drilling varies a good deal,
ome. CO endent upon the depth of weathering and the presence or
' crevices and joints. Du Toit (2, p. 104) draws attention
rising fact that these hard rocks commonly yield excellent
hough sometimes at great depths.
rding to Trommurze (3, p. 43) in the van Rhynsdorp
., Namaqualand and Bushmanland districts of the N.W,

ince, the average yields are under 12,500 gallons per diem

1 Cons
“fgggm_\ ‘h . of about 100 ft. and with a 45 per cent. of failures. |
;01,1 Y. & “ he Mafeking, Vryburg and Northern Rustenburg districts,
arface lin : 5 vary from 16,000 to 18,000 gallons per diem at similar
»1 ande 1 it with a much lower percentage of failures.
553 of (;(()1} &mall mlier§ of granite in the Western Transvaal and the
e of Cal)!' 1and boss give yields of from 18,000 to 25,000 gallons per
q average depths of under 60" and with a fairly low percentage
rawn w _
18 water he Northern Transvaal districts the yields, according to the
1t1‘1ority are very much less, varying from 10,000 to 20,000
RANITE . - depths of about 100’ and with a slightly higher per cent

5.
. yields in the Swaziland, Barberton and Northern Natal are

nation is of v

. +h, as would be expected from the higher annual rainfall varying

00 to 42,000 gallons per diem. :

(GEOLOGY AND LITHOLOGY.
11113 and the succeeding sections it is proposed to give a very
umé of the geology and lithology of each formation under
mt only as far as it has a bearing on the chemical characteristics:
underground water. _
¢ granitic rocks range through coarse granite porphyry, medium
anites, aplites, granulites, quartz diorites and to well foliated
in which amphibolites and other dark rocks may occur. The
is frequently seamed with quartz felspar pegmatites, parti-
n Namaqualand and in the Northern Transvaal.

neisses.
3eaufort ge

i Old rr E
ms of impo
le, the B

of the Norihi essential minerals are quartz, orthoclase felspar, microline
al Natal and i1 plagioclase (albite to andesine) feldspar, with a ferromagnesium
and.,  Inlios . ‘ which is generally biotite (rarely muscovite mica) or sometimes
svaal and ‘ wle. In many places plagioclase felspar and hornblende
0 the very s0 abundant that the rock approximates to diorite.

as well as ¢ *“0Old Granite”, as a whole, is a soda rather than a potash

as the following typical analyses show.

tate bord
se particular analyses were selected on. account of the fact

y Annum,
" to 15" ater samples had been collected by the author from the vicinity.
" to 25" is to be regretted that none of the published analyses of the

ite give the fluorine content.

" to 30"
rom the point of view of this investigation the chief facts brought

" to 20"

to 20" v these analyses are as follows i—

to 35" (1) The consistency in chemical composition of the granite
to 45" . proper, in spite of mineralogical differences.

to 40" {2) The fairly high alkali content of the granitic rocks and the
to 30" » fact that Na,O generally exceeds or is at least equal in

- amount to K,O.
{3) The preponderance of CaO over MgO (average ratio about

to 30"
r:0:4).

A
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ANALYSES OF OLD GRANITES.

I z 3- 4 5
Yo Yo % Yo Yo
2510 PN e 7200 7392 71-00 70°01 7299
AL Ogeur i 14-78 | 14:07 | 1550 | 14°20 | 1447
FeoOfo oo oot 052 052 150 042 0-14
FeO..................... 146 o-8g 1+50 324 1431
MgO........c...itl, 072 0-38 070 0'55 0-34
L1072 & 1440 122 160 206 1025
Na,O.ovv oo 5-00 3-83 3-80 314 3737
KO o i 242 4°35 3°30 445 522
o L 071 044 —_ 0+63 003
HO —. .. 0-02 001 — 0-02 o0z
COguviiii i 0-43 e Nil 0415 053
1 5 L T 0-28 021 0-35 0-48 030
ZrOge vl e Nil Nil — Nil —
PO, . 0r10 | + 0:09 020 020 0+ 10
- 0-01 0-0I | -~ . 002 wn
MoO..o.ooooo e 0-04 004 Nil 0+06 002
BaO......oo oo 04 0-02 — . 0-I0 —
Toss at r10°Cii.vinn ..., — — 0-40 s e
Loss on ignition.......... — — 0+60 — o
CPOTAL..nevnnnn.. 99°QQ | 100-00 | 10065 9974 9970
Ratio CaO‘MgO ......... 1:05{1:0°3 /1:0441I:02611:0°27
(1) Old granite at Pietersburg.. ve... Analysis T, I
{2) O gramte at Halfway House Pretona Dlstnct . Analysis T. |
(3) Old granite near Vaal River Bridge, Parys........ ~Analysis . W
(4) Old granite West of Hillcrest, Camperdown, Natal.. Analysis R. B
{5} Old granite near Port Shepstone, Natal........... Analysis A. W
{6) Old granite 2 miles South of Pietersburg.......... Analysis T. K

QUALITY OF THE WATER.

The quality of the water is to a certain extent depent
geographical and climatological factors and for that reason the
has tabulated the analyses of samples collected from the fo:
in three groups :—

(i) Southern, Eastern and Northern Transvaal, Tabl
I (a).
ii) Fastern Natal and Natal Coast, Table 2.
(i) North Western Cape, Table 3.
(1) Southern, Eastern and Novihern Transvaal.

In Table 1 are tabulated analyses of 20 samples of Old
waters from the Southern and Eastern Transvaal and the N
Orange Free State, the majority of which were analysed by tli

In Table 1 (a) are tabulated analyses of 22 samples of
waters in the Northern Transvaal.

It will be observed that the granites in the Eastern and
Transvaal and Orange Free State give rise to comparativ
waters, for the average concentration of salts is only about
per 10° * For this reason the granitic waters from this regu,
fall into the author’s ““ Pure Water Group E” '

For a discussion on the utilisation of the pure watergr
the requisite chemical treatment (Section XXV). It may bes
however, that these waters are suitable for all domestic
(except of course when polluted), for irrigation and for
stock, and, after very little chemical treatment, for nearly al
logical purposes.

#

Tota

Silic:

Fluo

Nitr
Nitr

Chlo

———

Sulp

Pote

pH.

p-—s



TABLE No. 1. —OLD GRANITE IN THE SOUTHERN AND SCUTH-EASTERN TRANSVAAL AND ORANGYE FREE STATE.

2%
|
Sample Number............. 46 l 101 159 126 188 55 180 466 404 375 144 143 201 549 557 405 568 583 587 5635 Avarage
Pargs CaCO; por 10® Water: : ) i
Methyl Orange Alkalinity. . .. G5 40 145 3.0 54 42 55 5°5 30 Ii-5 1i-0 35 i85 7-a 55 53 45 625 S0 5574 -
’w[(_ﬂ.-.;‘\.;I-Iardncss......,..... o 73 30 10-5 19 55 40 45 54 2-5 5-8 10-9 302 156 3-5 50 42 4°5 75 513 554 E —
Pormaneat Hardness......... Nit } wNil Nil a4 o5 ; Nit Nit Nil Nil Nil Nid il Nii Nil a1 i Nil Nil E Nil Wil Wit | o
Temporary Hardness 7°3 g0 Q5 30 5t 40 475 54 e 8-8 109 32 3-6 35 5°5 42 43 I35 53 554 —
;[ar&;css duc to Ca Salts.. .. 30 2.8 2.7 o7 y-0 1-6 14 2-% 10 29 54 o 78 2-3 -8 1-5 —— 175 zox %3 T
Hardness due to Mg Salts.., 3-4 6.2 7-5 28 45 30 30 3.2 o b 58 55 2 5-8 1e2 3§ 2.7 — Trace 32 abeg ‘ -
Soda Alkalinity - 22 -0 40 N it 233 bl QX o5 27 0.t o3 ] 49 35 Ni Rt 4-5 27 i 5.8 I -
Parts per ro® of \Water: [ |

Total Solids fat x03°C.)...... 60 13-4 2008 o5 15-0 S5 13-6 132 10-0 190 184 7T 240 12-3 1240 a6-o 1201 563 £33
Silica (a5 S0 ...l — 3-2 4°3 3.0 32 2.0 46 3-4 10 34 x-Y 10 43 % —— 30 3.7 i — :-4_§
Fluogides {ns Fle....o.o..o... —_ pti] Trace il . NGt — Trace o004 Trace Wil Nit Nil i — E — XNil [ . Nil i
Nitrites.. — xil Ml Nit Trresont il Nit Nil Nil Nl Nil N Nit E Nit Nil Nil il Nil Nil
Miteates a5 NOJ e o0 — a1 0-4 0-8 I a-or [ 16 HNil -8 Nit 005 , -1 a-57 nNil 06 o1 Nit Trace
Chlorides fas Clhooooooa L L 1-% 14 33 3o 6 oy a4 a5 1-3 14 o-6 [2F1 Nit 1-06 -0 o-8o [eREs) 1-00 923 —
Suiphates fas SO0 Trace Trace Trace Trace ‘Frace 15 Trace Trace o-x Trace i‘5 1z —_— h] a1z 2-25 036 o 36 $-05 08 - )
Potasshnn Salts {nx K)...... Unelor Uinder Under hder Under Under Under

- o5 5 a5 — Traee a5 e Trace o5 05 95 — - Trace - e — Trage & - -
pl-].VV:d“cs ‘:o ! - 77 . ',:-:. 7o g;v-x 7o 7o 6-g _ ki B 60 78 7: - 745 ] (;.-.13 S — -~ . '.i‘4 75 7'1

Porcentage on Total Solids: i

E L e i 285 206 255 215 22-0 33'5 60 10-0 180 10 g 40 80 . 25-0 14+ e : — 306 — 20-5
Cag..... P 13-5 130 37 3.7 Gz 57 grr 34 3-5 167 78 LIS ] o5 83 323 e 11 S0 53 85
;1;;"57 .................... Beg (o 7) 15:0 10-6 126 132 5-8 o-8 76 1z-1 1200 12-4 98 47 12:5 FEE T Tracs G 8 {212} 96 )
Cl..... B, 10 g 65 1z-4 {z0-0) 17-8 52 5-0 50 b-g ) 5.4 17 {Nih) %8 (23+0} G-y 31-5 %0 10-6 8.3 -
SO0 Trace | Trace b Trace Trace Trace {16+ 6} Traco Trace 10 Trace f-7 {68} — Nil 10 &6 30 401 o3 904 1-6 N
Soda AI]:;IiniLy (as Na.CO}. . 130 - G 0 9.2 Nil " il 2-2 80 0-75 50 152 054 42 20+2 ag-2 Ni 46 Nil {522}
lﬁl‘!ardncss {as CaCOY. ... b0 27-6 50-0 32-5 370 440 330 410 2570 462 590 4370 370 26+ 5 46-0 1602 372 20-3
Perm. Mardness {as CaCOy). . Nil it Nil 38 53 Nil Nil Nit Nil Nit Nit Nl Wil il ; Q-6 Nl Nil | NiE
}}Inv- 1ardness (as CaCGy). . 360 a7 6 5000 2805 335 4470y 330 4170 250 4602 59-@ 4470 370 2605 40-6 i 162 372 | 203
R'\t:)‘(;:\o T MgO 1:06 [{r:0r00}| 1:20 1:30 I 30 1 ze 1:1-5 5 1100 I: 290 11 107 TG o5 o4 15 ‘ I3 e l —_

* Tolinted.




22 DESCRIPTION OF SAMPLES IN TABLE No. 1.

J— - o
Sample o . ‘ Borehols | . . gﬂ
No. District and Province. Depth, Locality, Description and Remarks. Date. B
Feet.
40 Boksburg, Transvaal............. ... S — Borehole in Birchlgigh, Main Line Pretoria/Johannesburg. ... .. é 14/ 3/38
ior Pretoria, Transvaal.......ooooan, 150 Bc};ch(&lc 8 miles South of Irene on Pretotiz/Johannesburg Main ; 25/10/39
oad..ouana.. e F N PN b
2] Fretoria, Transvand,..... P, e 160 Barchole on Zevenfontein g0, 2o miles South-West of Protoria. . .. 7/ 6/40
129 Johannesburg, Transvaal........... [ — Borchole on farm Zudlontcin 1. 1o milts North of Johannesburg | 10/12/30
35 Johannesburg, Transvaal............. . ... 100 Borchole Lombardy East, Johannesburg...... s B/ u/40
55 Johaunesburg, Transvaal.... ... .o .. 3 15) Borehole in Tilovo, Johannesburg North... ... ... viu... 19/ 9730
4566 Johannesburg, Transvazb,...... . e 50 Erehalu in Craighall, Jehanmesborg Notth, ... . ... ... ... 20/11 /4%
549 Johanneshurg, Transvaal... ..ol — { Boreliole, Stand 448, Linden Exlension, [ohannesburg Nerth
{Anal. Cydma Labdo. oo —
15¢ Krugersdorp, Transvaal.. ... ... ... — Borehole at Neoitgedacht oo, ¥i miles North East of Krugersdorp | G/ G/50
404 Nelspruit, Eastern Transvaal, ... ... ...... — Spring on road from Kaapsche Heop, 6 miles South-West of ! July,
Nelspruit, coonie i P, e 1043
378 Ventersdorp, Transvaal. ... . e i Shallow well at lipplaatdrift ... ... ... ol June
! 1941
144 Pict Retief, Seuthern Transvaal.. ... ....... _— Borehole in Pict Retiof ... .. e 6f zfq0
143 Rarberton, Kastern Transvaal.......... e —_— Spring at Barberton.......... e e e P 2z/12/39
201 Maleking, Weostern Trensvaali.............. So { Borchole, so miles South-South-West of Malcking., [Anal. Govt.
b LA e e 1907
587 Potchefstroom, Transvaal.......... ... .. —— Borehole on farm Iopicskraal 8g, 4 miles West of Parys........ zef10/42
557 Nedspruit, Eastern Fransvaal ; Yoo Borchole on farm Blinkpaort 166, 3 miles Northof White River.... | 14/ §/42
495 Nelspruit, Zastern Transvaal........... e e Spring at Sabic Bungalows, North-East of White River...... .. 8§/ 7/41
568 Nelspruil, Fastern Tragsvazl. ... ......o..... 180 Borchole, poslion of farm Manchester, Narine. (Anal. Govt,
Lab., Johanneshurg)...... S 20/10/37
595 i Barberton, Eastern Transvaal.............. — Borehwole Park Gate Istates, Malglane. (Anal. McLachlan &
! 0 o Tirgz
583 ! Swaziland. ... o

5 TR T T e — Spring Enxulweni near Mbabanc. {Anal. James Gray)........ 1932
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‘ ly towns or villages of any importance in these regions
ton, Nelspruit, Mbabane, White River and Parys.

percentage composition thesé waters do not differ greatly
strongly alkaline granitic waters of the Northern Transvaal,

e percentage of soda is generally lower. The chief difference
one of concentration, due to difference in rainfall. '

waters of the Old granite in this region generally contain
cciable amount of sodium bicarbonate. It is therefore not -
g to find that the Si0, content of the waters expressed as a
pge of the total salts, is very h1gh with an average of 20-5
. 510,.

er (66) states that “ Waters issuing from areas of crystalline
rocks (i.e. granites) are characterised by high primary
, low concentration and a notable proportion of silica ",
ke, in his * Data of Geochemistry ”’ (43, pp. 195-197) states
e issuing from felspathic rocks are likely to contain silica
_chief - inorganic constituent though the absolute ‘amount is
be small.

facts are, of course, in accordance with what is known
Mlace during the weathering of felspathic rocks by carbonated
wers.  In 4 simplified form the reaction can be represented

KEO.A1203.6S]‘.02 "'I_ 2H20 "'I"‘ COZ ==
(Orthoclase felspar) |
K L0; + 4510, + ALO,.2510,.211,0.

(Kaohn)

im the albite type of plagioclase felspar (Na,O.A1,0,.65i0,),
, or NaHCOgis formed, while from the anorthite type of plagio-
spar (Ca0.Al,0;.2510,), Ca(HCO,), is formed. From the
gnesium minerals (mica, hornblende, etc.), Mg(HCO,), is
in addition, but it must be remembered that the ferro-
ium content of the Old granite is small as indicated by the low
tent of the rocks.

hie chief products removed in solution from the Old granite

therefore be NayCO,; and K,CO; (or NaHCO, and KHCO,),

NaSi0O, Ca(HCOy), with a much smaller amount of Mg(HCOy,),.

¢ is an excess of alkali, silica is no doubt present as Na,Si0,,
5 point is discussed (Page 168).

view of the preponderance of CaO over MgO shown in typical
405 of the Old granite, it is very surpnsmg to note that-the
uf CaO to MgO for the granitic waters in this region averages
Possibly this is due to the fact that the ferromagnesium
Is, though in less proportion are more prone to decomposition
e calcium bearing silicates. It will be shown subsequently
¢ waters in the Bushveld granite formation, like the Bushveld
rock itself, show a great preponderance of CaO over MgO,
same applies to the Old granite waters in the North-Western

\lorides are never present in a.n'y ‘quantity. The average,
sed as a percentage of Cl. on total salts, is only 8:2 per cent.

'_lphates are rarely present in any quantity. (Average 1-7 per-
‘80, in terms of total salts.)
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Soda alkalinity is generally present in-fair amount. - Expr
as a percentage the soda content is 85 per cent. expresred as Na,
which is not nearly as high as the alkaline soda waters in the NOI

Transvaal.
The pH. varies somewhat but is generally fairly low, as ¢ '11 ]
to be the case with most granitic waters, The soda alkalini
therefore nearly always due to sodium bicabonate and not
carbonate.
The total hardness is only moderately high. Expressed in {
of total salts the scale-forming salts average about 38 per cen
CaCO;). Permanent hardness salts are rarely present since the e
generally an appreciable soda alkalinity, so that the hardness is it o
always due to the bicarbonates of calcium and magnesium. “Hardness due
Fluorides are seldom present and then only in traces. The X
exception is the spring water at Sabie Bungalows, Eastern Tra
which shows the extremely high fluoride content of g-o par
million. (The author’s figure was checked by the D1v1510n of Ch
Services.)
Turning now to the waters in the Northern, North-Wester
North-Eastern Transvaal, the analyses of which are shown in |
I (A), we find two distinct types of waters in the Old Granite Con;
There is the highly saline type found in Northern Zoutpai
(in the Beit Bridge, Messina, Mopani districts) and also in the !
area of the Kruger National Park. - :
Then there are the soda-rich alkaline waters found in the
of the Northern Transvaal (particularly in the Pletersburg di
and extending into Southern Rhodesia. Incidentally it m:
mentioned that the majority of the granitic waters in the
country appear to be of the alkaline soda carbonate type ( al
Buchan 59, Maufe 060). _
We will take the latter type first. In Table I (A) are taln
the analyses of 14 waters of this type from the Pietersburg,
Trichardt, Pilgrims Rest and Letaba districis. The only ce
any 1mpo1ta.nce are Louis Trichardt, Pietersburg and Tzaneer
aforementioned they differ very little, except in concentrati
percentage of soda alkalinity, from the granitic waters of the S
and South-Eastern Transvaal. The average concentration of #
high, about 7-2 parts per xo®.
Soda alkalinity is frequently high in absolute amount,
expressed as a percentage the average is 15 per cent. (as Na*(
Silica is also consistently high, with an average of 12+4 pe
Chlorides average 128 per cent. Cl, which is higher thai i
previous group.
Fluorides are more commonly present but not in app
~amount. One sample (No. 412) however, shows as much
parts . per million. .

Sulphates are low, the average being only 1-5 per cent, -

The technological utilisation of these waters will be ¢ ‘ SRR
under the Alkaline Soda Carbonate Group. (Section XXV).. .
" It may be stated here that these waters can be used
domestic purposes, and for watering stock, while the absolute
of Na,CO, is generally not high enough to prevent these wat
being used for irrigation purposes.
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TABLE 1 {4)—0LD GRAKITE WATERS IN THE NORTHERN TRANSVAAL.

~

Sona CARBONATE WaTHRS.

! HiGHLY "SALINE CHLORIDE SULPHATE Wam

428 410 [ 332 408 ATT 412 508 302 227 400 592 ;\\‘cr;:;;l:. ; 32z 51z 561 574 575
- e -
qora tieo 475 383 582 e 155 5101 1153 A7 7 (L3N] 735 1 S5 L S0 ab-o |
Total Hardness. oooo oot ci e 3400 T 28-1 30-0 L7 255 Y5 262 A0 53°1 153 — 1370 51-3 13200 1380 i
Permanent Hardoess....... ..o i : Nil Nil Nil Nil Nil Nil Nit Nil G Nil e Of5 3z-8 5100 120
cmporaty Hardness....... 349 79 281 300 3804 L 2575 ; rTey 26z 7470 477 153 — 735 155 S1e0 e
ardness due to Ca Salts.... ... .. ....... i T4 wer G2 o3 2401 50 I 35 Q-6 330 18-z 8.6 s 17T — -
Jardness e Lo Mg Safis.oo oo L 18 s\\‘ 1$-9 255 70 190G §e2 16-6 o 350 G- — 347 _
Sotts :\Ik;a‘l;nil'\' .............. , ............ Go0 3t pLITF 25 2645 3'5 -8 =25'5 4375 Nit - Nil
‘ T
Parts per o* of Water: : ‘ : '
Total Sohids (at 105°C). ..ot 03-4 REEN G630 780 0T RERYS gl FE F10 FRE o 2800 Fo0 ; H06 o EUUTE
.Silim s SiO. e .,-o” 74 -0 b 60 44 7% [ ER o —_ S0 . — —_—
Eluorides {28 F). oo oo Nit — i i oo a-26 — o1y il - o -
BOHES. . e Nil Nil Nil Ni Nil Nit - — Nil -— ik Nil
. Nitrates (a5 NO0 .o oeveie e nanaans Nii -2 o-a2 Trace Nil R4 36 Trace T3 Trace e f Nil ‘ Trace w:- Te
Chlorides {2 Cil. e e e TEe0 ER 20 106 193 4T 32 5'3 170 106 — 2620 [RERT) ; geeo
10 oz Trace 20 re I p-o7 e 7S @3 RO - L Sqeg i
Tnder Linder Under Tincler Linder Small
03 05 05 - (LR 05 —_ 2o iy 05 — —_ o Amount —
TR AR R prrs e = e
| {
150 ey B 78 36 150 [ ) fo-0) o IS LR i — ; ISR -
120 50 81 b2 3 75 06 75 5-8 158 200 a9 G-0 _ i3-2 —
T 104 ir-8 13-2 q-8 1707 ¥t q-z §8 18-z 1002 FERE) 52 1m0 —
58 1z 73 136 198 93 100 74 227 200 43 12§ 310 235 34-%
63 LR Trace o-ab -1 Rk 24 ‘ T-6e 36 o4 o2 15 56 57 ‘ 125
100 1475 39-5 33 256 §e2 65 | a7s 2245 fextil] 146 149 NiLopomm | m
53°5 35°5 4475 460 325 58-0 0o | 363 35°5 (73-0) 43-0 4573 agee [ goe 194
Nit Nil Nl it Nil il Wit | il it (89) Nil Ni P 76
53°5 35°5 45 46-0 125 580 400 ' 36-3 35°5 650 53-0 46-1 250 18 2065 } 5270 £33
: .(-;“ 120 1-3 b -3 X 22 ¥:o2eg LS 4 1:1:3 l 100G -3 L 003 Yoiez } 1105 — — [Ten P L—:

* Deposits iron oxide on standing.

1 Hurdness re-coicalnted,



TABLE 1 (4)~~0OLD GRANITE WATERS IN THE NORTBERN THRANSVAAL.

Sopa Carpoxarz Warers,

HionLy Sating CriloriDr

B T
“““““ : 55% 428 i 58 412 560 222 400 322 512 501 574 r 575 Average
per 10° Wider : i ! :
Aty Lo 3100 gm0 1 1o 475 135 51-1 70 47 %35 155 10 aho | Sy
..................... 400 340 P9 281 117 262 G0 541 r37i-o 5173 132-0 1350 i G3-2
...................... wil it Nil Nil Nit nil [ 645 328 510 1 420 it
340 749 1oy 262 60 47 7305 1805 S100 [ gbeo
LR 21 35 96 R 300 37er . i o
Salis..... - 105 5% §-2 16-G 33 159 10710 402 —_ —
..................... 110 6o 31 TG -8 25-5 10 i Nii Wil Nil 1
i . .
76z b3 ugew g 72 o (rq- o) i\ R 2Fa-o 7RO it o 3060
— o 74 474 7R 0 } — S0 — — i
..................... 006 004 il - 026 — Nl | = T
....... — Nil Nil Nil —_ it nNil a-ogp Wil wil
..................... 37 i iz o oz 36 Trace a7 o116 [T Wik Trace
..................... PERNT 120 R 40 32 53 1 Byeo i 2620 1550
..................... 2-2 10 oz Trace @07 1z Traee © 2400 gt 14 303 o
) Under linder Under Tinder Small I
253 o3 a5 a3 ©-5 - - o - mount — — ‘ - —
.............. 7o 7o 70 33 -7 ‘?'-4. — 7z 7 — 76 " e ; — ! —_
u Tolai Solids : : i
..................... - 1500 1y 13 1504 99 35t I - 10 _ .- ! .
..................... PR FER 50 51 e 60 75 1007 13- 6o 1302 . _ 1207 1o
12-8 1204 104 1.8 177 L1 Q-2 G4 18- 352 190 — — 1200 FERE
,,,,,,,,,,,,,,,,,,,,, 163 188 izen 73 10-0 74 9 #0- KRR 230§ 388 400 250 335
2 63 a9 Trace @24 160 Trace @y 846 57 FERES -7 2-0b 62
A0 15°5 -0 145 30°5 Grg 375 7-8 (ip Ni Nit Nil Nil (3-2) Nit
fLole X NI, P, 330 53-8 355 44°5 40-0 36-3 430 {730} 94 380 520 432
as CaCOgder e vnnnn.. Nit it wil it 3] Wil il 8- 76 1105 o) 8
s CaCO} ... 530 53-5 355 445 $0-0 36-3 430 65-¢ 11-8 265 520 26-8
...... .:-II:II : x--o- .:.2'(; S £ 17 T:71-3 1'0” e e {1 10¢ '.'

* Deposits iren oxide on standing.

1 Hurdness re-calenizied.
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DESCRIPTICN OF SAMPLES IN TABLE 1 (A}

. | o
Sample | L 1 Borehole ¢ H
No. ! District and Province. Depth. | and Remarls. | Date.
; - U - SO
555 | Zowtpansberg, Northern Fransvial., ... ., | — ; Borchole o Labeslust 085, {Anai, Div. C.S per Dr. Qckerse). Angust
{ : 1942
w59 | Zowtpansberg, Northern Transvaal.......... i e ! Borehole on Kortgedaeht gt (Anal, Biv. €5, per Dr. Ockerse) | Angust
3 i ; -
428 E Pietersburg, Northern Transvaal.. ... ... Borchole in Dendren, 3o miles
; Div. C.5. per Dr, Ockerse)
f1a ; Pictershurg, Northern Fransvaal.. .. ... ... . : T2otchole on Townlands. 1 mile South of Pietersbury.. .. ... ...
o8 | Pigtershurg, Novthew Tramseaal. ... ..., o $ Municipal Well in P:ck‘:‘ehuw ......... e P P RN CV AN ¥4 1)
332 Pigtersburg, Nor(hern Transvaal.. .. ... .0 - Borehole ¢ miles
Pictersbury 18/ 3/41
7
o8 Letaba. North-Eastern Transvaal Borehole in Malopena Camp, Wruger National Park............
41 Pigtersburg, Northern Transvaxl.. . ... .. ¢ Borehole in Marabastad. ... o s
12 195 Berchole of farm Rictkell 6%, MNorth of Chunies Poort,
560 Pietersbury, Northern Transvaal Mumcxml Well In Pietersburg,  {Angl Govi. Lab., jrﬂnnn(-sbnm}
Rorehole nL Alidays, So miies North-Wo L of Louis Izlci)anit H

(Anal. Div. ( per Dr. Ockerse)....

1940
t Borehole on Puscla 9, Tzancun. oo oo 30/ of40
nst, N : Borehnle en Satara Camp, Kreger National Patk. ..., Juiy,
I T4t
Northern Traasvaal,......... e I‘ Borchole in Lowis Lrichardt * 1T/Ir /42
- g ; h
sz } Zoutpansbery, Northers Transvaab. ... el B — | Borshole in Mopani School,  {Anal. Gov, Lab., Jolanuesburg) | r3/12/40
512 " Zoulpansbery, Narthern Transvaal. . ... | — P Well in Messina. ool e boarf 24z
Zoutpansberg, Northern Transvazl. ..., ... 200 i Borchole, Buit Bridee. {Anal. Govt, Lab., Johannesbhur; r15/10/30
Pilgrims Rest, Noctiv-Eastern Teansvaal. .., 301 E k st of Sabic River,
; 15 smiles West of Portuguese East African Border. {Anal
Gov. Lab., Johannesburg).. N T FEX]
T 75| Pilycims Rost, North-Eastern, Transvaal. .. .. 67 Borehole on Capri 381, Kruger National Park, South af Satara
o Camp. (Anai, Govt. Lab., Johannesburg) 20/12/37
Zoulpansberg, Northern Transvaal.. . ..., .. -— Borchole Mopani Koshuisgronde.  (Anal. Govi Lab., ]nimnncs-:
i burgl.. 22/17/42
75;? Letaba, Northern Transvaal... — Thermal Spring on Eiland 134, (Anal. C. T, van der W;-.lt) e March,
1941
— - I
birg Potgietersrust, Northern Tramsvaal.......... H — | Borehole on Gilead 664, {Anal. Div. C.8. per Dr. Ockerse}. ... 1942
\

* Not the town supply which arises in the Waterberg formation,
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0ld granite in the Zoutpansberg area of the Northern Trans-
ves rise, as the name would suggest, to a highly mineralised
what saline type of water, Small areas in the central portion
truger National Park (South of Satara), and in the Eastern
district, also yield similar water. The author was unable to
many samples from these areas, therefore a few analyses by
alysts are included in Table 1 (a), but unfortunately these
s are not all complete.

i total salines in these waters are extremely high, averaging
48 parts per 105 Of these salts chlorides average 335 per
CL). Sulphates are fairly high compared with the other
waters in the Transvaal (6+2 per cent. SO, in terms of total

\ere is insufficient data concerning pH. values, fluorides and
h.ough the latter appears to be low compared with other

ml scale-formmg salts are moderately high, giving an a.velage
i cent. (as CaCQOy).

jere 1s nearly always much more magnesium than calcmm.
waters differ from the other granitic waters in the Transvaal
ving no soda alkalinity. Instead permanent hardness salts
esent averaging 19 per cent. (as CaCO;) in terms of total

1is permanent hardness is due mainly to magnesium chloride,
these waters are potentially corrosive as well as scale forming.
me of these highly saline waters arise in the schists and gneissic-
sociated with the Old granite, and their highly minerlised
can (with the exception of chlorides) be readily explained,
rocks are rich in calcium and magnesium particularly the
slement, _

Ihe high chloride content of these waters is not readily explained.
¥ be partly climatological for the rainfall in the Zoutpansberg
y about 10"-15” pr annum. However, in the Letaba district,

saline waters also occur, it varies from 15"-20"
n a subsequent section it will be shown that some of the Red
» waters have a relatively high chloride content (though the
¢ amounts are not high) and it is suggested that these waters,
Warmbaths, are probably magmatic waters.
cre is the possibility in the case of the saline Old granite waters
North-Eastern Transvaal, that the very high Cl (and SO,)
derived from cyclic salts borne inland by the prevailing S.E.
from the Indian Ocean which is only about 180 miles distant.
ent (61, p. 40) uses this argument to account for the high
y of the Letaba thermal springs. The low silica and relatively
s also suggest a cyclic origin. (Compare these analyses with
ter salts similarly expressed as a percentage, as shown in Table 2 7
157).
It may be mentioned here that the Letaba thermal springs do
liffer appreciably from the usual run of saline granitic waters in
irea. It is significant that these saline waters in the Old granite
stricted to the North-Eastern portion of the Transvaal not far
the Coast, which is also a region of low rainfall, while elsewhere
Northern Transvaal the granitic waters appro*{lmately to the
arbonate group of waters,
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Highly mineralised as are these waters, they are hardly comypsay
with the Old granite waters of the North-West Cape Province
will be shown later, the concentration of salts in these latter wi
average over 600 parts per ro5, while waters with concentlfma |
OVer I,000 parts are occasionally found. ‘

1e¢ authe

sely popu
¢ Public

The sulphate content of the latter water is also nearly tl of the
great as in the Old granite waters of the North-Eastern Tra T;a.ble
Though the chloride content of the saline granitic waters ol (};a;r;c?ﬂ
Northern Transvaal is lower than that of the typical chloride-st content ¢
waters of marine origin like those arising in the Cretaceo parts pes
Bokkeveld formation to be described hereafter, neverthele: )
approximate to that type and the utilisation of these saline g1 e total ¢
waters will be discussed under Group A (Section XXV). }Hgoa)z
It may be stated here that these waters are generally {a MI; I;enscsi
saline for domestic use, sometimes for watering stock and in _
cases even for irrigation purposes unless the soil is part1cul*11*3;§ he high st
drained. - granite
| (ii) Natal and Natal Coast. s ven
In Table 2 are shown analyses of 13 samples of granitic w . he sea, 1.
collected and analysed by the author. In Natal the Old gr: . ontent, (i
exposed either along the coastal belt or at no great distance { ‘ a water
The only villages of importance are Empangeni, Margate, Un
and Paulpietersburg. Q)a"ﬁ?ogj
Though the total salts in these granitic waters average Hise to
parts per 10%, chlorides form a large part of them (31 pe¢ SO,), |
expressed as Cl). This relatively high Cl content is due to 1l thei‘e’ ‘
that salt laden mists are carried a short distance inland by the p matior
winds, and the salts (more particularly magnesium chlo The hi
deposited in the soil. there ;
Silica is only moderately high, averaging 10 per cent. Si 111\11150 ﬂ;
: hou
Fluorides, if present at all, are only in traces. (The | Some%]‘
figures obtained were o 4 parts F, per million, which is well reasons
the limit of safety). Kenhar
The CaO : MgO ratio is 1 : 125 which is not unexpecte.l i accoun!
of the proximity to the coast. . ,%OS&V;
- -North-
Sulphates are fairly low, averaging 3-2 per cent, SOy i '
of total salts. Scale-forming salts are comparatively low (2 author .
cent. as CaCO,). Soda alkalinity is very rare instead, po 1e Dwylk
hardness is generally present (1z2+7 per cent. CaCO,). Con of the gr
these waters are more corrosive than scaleforming. Sg)e compc
Though the iron content is very low (well under 0+3 ;* '].
per 105 some of these granitic waters but more especially ligh con
a low pH., show a tendency to deposit iron oxide on stand wjlt(iaage ;5
_ . - . aters, to
These waters have been classified by the author as be]
a slightly Saline Group B, and their utilisation is dealt w waters
that group (Section XXV) ed Chlori
_ n of which

It may be stated here that these waters can be

. _ ‘ oned here
domestic purposes, for watering stock and for irrigation,

tion of s
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(ii1) North-West Cape.

The author could not obtain samples from this remote a,md and
esely populated région, but through the courtesy of Dr. Ockerse,
he Public Health Department, and Dr. Steyn of Onderstepoort
oratory, has been able to furnish, in Table 3, the results of 13
yses of these waters which are unfortunately not complete. The
in Table 3 shows that these granitic waters from the Kenhardt,
aqualand and Upington districts of the North-Western Cape
wvince are the most mineralised in the Union with an average total
ids content of 690 parts per 105. Occasionally the total salts exceed
0 parts per 105

re hardly comy)
Cape Provi
1 these latter:
th concentrai:

also nearly 1
~Eastern Ti

anitic water:
cal chloride-s
‘he Cretace
, neverthel

these saline
XXV).

e generally
stock and in
is particuli

The total scale formmg salts average 33+6 per cent. {as CaCOy)
Ca(HCO,), and Mg(HCO,), only average 78 per cent., the rest
1e hardness (26 per cent.) being due to the suiphatcs and chlorides
xicmm and magnesium.,

The high sulphate content of 19 per cent. SO, is at first puzzling
~the granite itself contains no appreciable quantity of sulphide
jerals. Even had the high salinity of these waters been due to a
‘ S ent marine transgression in these regions, or to salt-laden mists
of granitic v m the sea, ie. cyclic salts, that would not explain the very high

thg Old g , content,  (Compare the percentage composition of these waters
t distance fro 1]1 sea water (7 per cent. SO4) as shown in “Table 27, Page 157).
Margate, U

- The author therefore puts forward the following explanation :—
(z) The Dwyka Tillite, which as will be shown hereafter, gives

§ average o rise to high chloride and high sulphate waters (x5 per cent.
Lgemd (31. pel SO,), has only recently been stripped from these areas and
clisbyut%;;rt there are still a large number of thin veneers of that for-

mation covering the Old granite in this region.

(8) The higher ground consists of Dwyka tillite and conbequently
there is a certain amount of drainage from these rocks
into the granite.

{¢) Though winds might carry sea spray (i.e. cyclic salts) for
some distance inland, it is highly improbable for geographical
reasons that this would affect districts so far inland as
Kenhardt and Upington. In any case such would not
account for the exceedingly high proportion of SO, in
those waters. (Compare with saline granitic waters in the
North-Eastern Transvaal).

um chlorids

er cent, Si(),

es. (The h
ich is well -

iexpected in

nt. SO, in {
ly low (29«
itead, pern
). Conscqi

The author suggests therefore that for the above mentioned
ns the Dwyka tillite appreciably modifies the chemical charac-
itics of the granitic waters of these regions. (Compare with the
wentage composition of Dwyka waters as shown in Table 18,

115).

~ The high concentration of salts in these granitic waters of the
Western Cape is mainly due, as in the case of the Northern Transvaal
iitic waters, to the strong aridity of the climate.

ler 0.5 part
clally those
m standing,

as belongiij

lealt with ﬁ These waters have been allocated to the author’s Highly

ralised Chloride-sulphate Group A. of waters, the technological
ation of which is discussed under that group (Section XXV). It may
inentioned here that the majority, on account of the enormous
ntration of salts are totally unfit for domestic use.
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The presence of appreciable fluorides makes them even m
unsuitable. In fact, according to the investigations of Steyn
Reinach (79) at Onderstepoort Laboratory, these waters are actus
poisonous to stock and human beings, on account of their salini
Except in the case of very well drained. soils these waters are also.
far too saline for irrigation. :

Turning to the general characteristics of granitic waters, |
significance of the fluoride content of all these granitic wate
discussed (Page 16g).

Another interesting feature of all these granitic waters (inclu
as will be shown later, the Red granite waters) is the very low potassi
content. From the analyses of Old granite rocks, it will be seen
though there is generally slightly more Na,O than K,O, neverth
the K,O content is appreciable. Potassium, even in the I
mineralised Old granite waters of the N-W. Cape, is generally
2 parts K per 10° Expressed as a percentage of total solids 1
potassium on an average works out an only 0-2 per cent. K.
reason for this low potassium content of all underground wate:
the Union is discussed in Section XXIV, (Page 171).

Saline as are the granitic waters of the North-Western Cape¢
the Zoutpansberg districts of the Northern Transvaal, they are ha
comparable with the waters of the Granitic Complex of W
Australia, where the average concentration is about 800-1,000 p
salt per ro%, while figures of 1,200 parts are quite comnmon. (Simyj

57)- |

It is indeed fortunate that the majority of granitic waters in |
Union of South Africa contain only moderate amounts of dissoly
salts.

VI.-THE WATERS ARISING IN THE CAPE GRANITLE!

The Cape granite is of but little interest to this study, sinci
occurrances are very limited, being restricted to the South-West .
West of the Cape Province. Further, most of the areas where i
Cape granite outcrops, obtain water supplied from perennial spr
issuing from the Table Mountain series. Consequently the uu
has not studied this formation in detail.

The Cape granite is much younger than the Old grey gii
and is intrusive into the Malmesbury series. It is a porphyritic bit
granite, not differing greatly from the Old granite mineralogi
except that Orthoclase is the predominating felspar.

The author was able to collect only 5 samples of borehole w
from the Cape granite formation. The chief difficulty is that )
areas shown ont he geological maps asb eing occupied by the
granite, are n reality covered by fairly thick sandy deposits of 1
age, and though the borcholes may in some cases have been sun}
granite, the waters are partly derived from the overlying d
and are exceedingly brackish. These waters properly belong {
Recent coastal deposits to be described (Page 148).

However, the analyses shewn in Table 4 were from bo
actually located in Cape granite.
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DESCRIPTION OF SAMPLES IN TABLE No. 2.

Sample Borchole
No. District and Province. Depth. ¢, Description and Remarles, Baate:
- — = e it e e
341 Tort Shopstome, South Coast, Natab..... .. -— Spring on Grasmere No, 2, 53 miles North of Pert Edward.. ..
kY Port Shepstone, South Coast, 140 Botehole at Ramsgate, Sowth of )iénlgah: ............. }
343 Part stoe, Snuﬂ:h ’ - : Spring. Watershed 1016, near Cherr
245 lil‘r;?.i)l!(‘n. South Co — ‘ Weil at Inenterton A S SETLE
351 71wintn_ South Coast, Natad '“w- - Borehote at Renishaw Hospital o 5‘/.1:.
é{a 331 Camperdown, { ial, - - i Borchole al Brommond. ..o i e afat
\3{ 530 Maprumniy, N = ; Spring on Tougaat-Noadsherg l’{n-'u:l. E [ qfa2
ATt T s 3 Borehole &t Empangeni.  {Dr. Ocky 7 1041
. 7:;1‘]:1;1’:1(1 ! 150 Borehoks (E\'u.- 05206}, on Lot [ 24, 3 milex West of M Posa Railway "
i SLatiol. oo e BN 30/ 1/41t
508 A' Lower Untiolow, Zolwlawd..ooooo 0., ij‘ 100 i Borehiole an faot 2o near I,uf,;of'.:\ Halt near Empangeni.. ..... 20/ x:,;:‘:'"
500 ; Lower Umiolozi, Zululand T - Borghole ¢n farm 171 about pamile from Empangeni z:)/ 1/42
510 :;ﬁi:n-:«:r Umiolost, Zululand......... .. ‘L e Borehale on Addison’s farm, 4 miles Workh-LZast of Empangeni | 10/ 2/42
_ 537 Iu:cxw(:r Umiclozi, Zuiuhund i i B_c‘)reholc on Lot 230, Empangeni
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DESCRIPTION OF SAMPLES IN TABLE KNo. 3.

Sample
No.

District and Provinge.

Borehote 1
Depth.

Locality, Description and Remarks.

18y Namaqualamd, Cape Provinee............... Fi(-:-l. Borchole at Garics, [Dr, Ockerse Apmal. Div. C8)............ 1450

388 | Namagualand, Cape Province. PN . — Borehole at Sobatsfontein, {Dr. Ockerso Anal. Div, CS). ... 1640 B

387 Namagqualand, Cape Provimee............... — Borghole at Springbok.  {Dr. Ockerse Anal. Div. C8).. ..., 1940

382 North-Western Cape.......oveiiiiie oo — Borehole: at Felin.  {Dr. Ockerse, Anal. Onderstepoort Lab.). . .. 'zg.go

456 Gordonia, Cape Province,............. — Well at Lutzputs, West of Upington. (Anal. Govt. Lab., ;
Johanneshurg). . oo e 17/ §/2x

615 Gordonia, (‘,:lpvc Province. ...l — Borchole. on farm Steenkampdal. (Anal. Onderstepoort 1ab..-
PO DI SOy} .o ' 1935

487 Gordonia, Cape Province., . ... oo, —_— Well at Langklip, West of Upingten. {Anal. Govt. Lab., i )
Johanmmesburg). ..o oLl oL e 7/ i5/H

(e Gordonia, C:L;mﬂl’mvincc ................... 123 Borchole on farm Kallkdam. {Anal. Onderstepoort Lab., per T
r, ey mY et 1038

6ag Gordontr, Cape Province..... e - Borchole on farm Netherlea......o.....oous e s I<J_;3_ -

630 Gordoniz, Cape Province..... e — Borchole on farm Bloemdal................. i Xt ;—;; s

o671 Gordenia, Cape Province.............. ... s Bon:l:ok: on farm VIOWeRSpAD. ..oy i e !

H1z Kenhardt, Cape Provinee... ... ... ... —_— Borchole on farm De Rust, ... .. ... ..,

613 Kenbardt, Cape Provinee... ... ... ..., . — Borehole on farm Narougas Noord

614 I\'cnh:ml‘t, Cape vaincc.....i .............. — Borehole on farm Klipbaken......_

391 5 Kenhardl, Cape Province — ] Borchole at Pofadder.  {Dr. Ockerse Anal,

i Namaqualand, Cape Provinee............ ... e { Borehole at D‘E:\mics. {Dr. Ockerae Anal. Div. TS, ... _
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peculiarity of most of these waters is that though they were
clear when {freshly sampled, they invariably deposited a little
pxide on standing even for a short time. The iron content
— ¢ waters is, however, low, generally well under o-5 parts Fe

Ihe pH. of these waters is on the low side, averaging 6-9, and,
be shown in a subsequent section, such tendency to deposit
hxides on standing is confined to waters with a low or very low
The iron content of waters is discussed on page 174. It may be
ioned here that most of the waters in the Cape Peninsula, including
arising in the Table Mountain series and many of them from the
sbury series exhibit this tendency.

1e concentration is quite low, averaging only bout 20 parts
n?. . This applies, of course, only to areas where the Cape granite
. overlain by superficial deposits.

hlorides, though seldom high in absolute amount, are relatively
high. Expressed as a percentage of total salts the average is
cent. Cl. Sulphates, however, are very low.

'hese Cape granite waters resemble the granitic waters of the
| cost in nearly every respect and as in the case of the latter
the slight salinity is ‘due to the salt-impregnated mists from
being carried a short distance inland and deposited on the soil.

'he Cape granite waters have therefore been allocated by the
to the slightly saline Group B. and the same remarks apply .
rds utilisation and corrective chemical treatment, as in the case
» Old granite waters in Natal.

.THE WATERS IN THE GRANITES AND FELSITES OF
THE BUSHVELD IGNEOUS COMPLEX AND IN THE
ALKALI ROCKS OF THE PILANSBERG.

A large area in the Central Transvaal is occupied by these rocks,
there are no towns or villages of any size except Warmbaths,
i part of the area is Native Reserve, but the Leeuwpoort, Mutue
Zaaiplaats and Rooiberg tin mines, as well as the South African
3 Ltd Factory on Zoutpan 467, Pretoria District, are located on

DisTRIBUTION AND RAINFALL.

The Red or Bushveld granite froms part of a basin in the Central
isvaal stretching from the Pilandsberg in the West to Pokwani
i East, but is considerably interrupted in the centre by coverings
smunger rocks, It includes granites which are not red in colour
ent work by the Geological Survey show that there are several
s and ages of granite in this group.

The alkali rocks form the hilly broken country, Pilansberg, 40
North of Rustenburg. Very much smaller occurrences of these
1i rocks are found in Sekukuniland and near Hatherley, Pretoria
f.

he average annual ramfall in these areas varies flom 15" to 257
West to 25"-30" in the East.

%
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GEOLOGY AND LitHOLOGY.

The Red granite forms part of the “‘acid ” phase of that
intrusive 1gneous assemblage known as the * Bushveld Ig
Complex ”’, occurring as a lopolith in the heart of the Tr m

Bushveld country. The Red granite and associated felsites
been described in great detail by Hall, Lombaard and others.
waters arising in the basic zones of the complex are described |

The Red gramte is younger than the norite and other
rocks. :
The essential mmerals in the Red granite are :—
Microperthite (an intimate intergrowth of -Ortho
Albite and Oligoclase felspars) and quartz, with horn

rather than biotite as the ferromagnesium mineral.
The reddish fine grained felsites and granophyres are very six
Typical analyses of the Red granite and felsites will be |
later. The Alkali rocks of the Pilansberg and Sekukunilanc
been studied in great detail by Shand (62, 63, 64). These rocks, 1
younger than the Red granite, are genetically connected with
and since they give rise to very similar waters they are dis
under the same heading. These Alkali rocks exhibit both pl
and volcanic phases, while volcanic breccias and tuffs are pre
The chief rock type are i(-— .
(r) Red Felsites and Trachytes.

(3) Nepheline Syenites (Foyaltes) and Phonolites (Tingn

)
(2) Red Syenites.
)
and Microfoyaite)
(4)

Volcanic breccias and tuffs.

It is not necessary for the purpose of this study to give a ds
mineralogical description of all these highly complex rocks,
may be stated that all (even the tuffs and breccias) are chara
by a very large proportion of soda-rich minerals like soda-hory
aegerine-augite, aegenne soda felspars, nepheline, sodalite ans
crinite. There is comparatively little quartz. It is not suiy
therefore to find that the Na,O content is higher in these roc
In any other rock types met with in South Africa.

Another very -important characteristic of these rocks’
fluorite (CaF,) is a common accessory mineral (Shand 62, j
128, 140, 143). Even the vesicles of the lavas are sometim
. with fluorite while it even forms part of the cementing mat
the volcanic breccias (Du Toit 14, p. 191). Fluorapati
(PO,),.CaF,] is also sometimes present.

Unfortunately only two of the large number of published
of the Pilansberg Alkali rocks give the fluorine content.
these analyses the fluorine is appreciable. None of the j
analyses of the Red granite and associated felsites give the
content. Two recent analyses of the Red granite made by
are included in the following table of typical rock analyse:
these the fluorine has been determined.

As far as this study is concerned, the chief interest is th
rock analyses is the high Na,0 and K,0 content of the Re

-and associated felsites, and the exceedmgiy high Na,O cont
Alkali rocks of the P11ans_berg and Sekukuniland.

Si0,......

ALO,....

Fe,O,..

FeO.. .. .

MgO... ...
o ’
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:‘33 Sample Numbers.... . ... ... I i 2 3 4 i 5 6 ! 7 E 9 %
(2]
SiOpvirininennnt, s v 5777 4588 48-35 39-78 51-35 74700 73-00 7410 7240 72-8o
AlLOs oo 19-08 21-70 23+10 20-46 " II-45 11+85 13-78 I13+25 14°04 1197
Fe,Of o 078 1+30 248 249 940 Nil — 175 e 2479
FeO. . oo 4-69 053 1+8¢g 3°2¢ 2-41 300 3°52 0°75 2+4 2:63
MgO. ot 1-00 0-07 o-39 236 0-54 a-35 040 0-15 Q-72 000
Cal. e 227 302 392 10-90 327 1-50 0-gb 1-10 200 0-0b
NaOuoevvnnina e 54583 11-80 I3-20 10:98 10-80 320 3-91 340 330 3434
2 520 460 4-58 3-30 252 525 300 5-00 400 531
H O T I-5I — } — — — 0+70 — 045 0-38 064
HyO— 0-29 235 2:91 o-83 3-20 f 0-20 0+15 f 115 Trace 0-0g
IOy i 1-20 — 045 0-33 Z-75 0-I0 0*Iio 0-20 016 0-68
MnO...... ..o, 0-22 e - 0-10 1-25 0-05 Trace e Trace 017
PoOg 021 — e 3-33 — 020 —_ Trace e 0-15
Cloooooaoi, e e — 044 I-49 Nil — — — — 001 —
B Present 125 — 0-30 — — 0-00Q —— 0-05 —
L 942 2+ 30 — 1-25 — — 0-52 _— — —_
TOTAL it v 99-23 10620 10085 10008 9948 I00-28 99° 43 100-20. — 100-64
Ratio CaO : MgO. ... ... ..... I: 044 0-18 l 0-35( I :0-2 1:016§F I :0°23| I :0-42] 1 :0'I4| I :0-3 —_
Analyst....... . vl W. de Kock! F. Pisani | F. Pisdni | 8.]. Shand| ¥. Pisani | W. Weall |G.W. Bond J. Moir |G.W. Bond/BLombaard
DESCRIPTION.

{1) Red Syemte Eleventh Poort, Olievenfontein, Pilansberg.

(2) Foyaite, Olievenfontein, Pllansberff

(3) Aegirine Foyaite, rich in sodalite, Leeuwfontein, Pretoria District.

(4) I}ohte Spitzkop, Sekukuniland.

(5) Lujaurite, Tussenkomst, Pilansberg.

{6) Coarse Red Granite, Petronella Siding, T ‘\Iorth of Pretoria,

(7) Red Granite (gran_ophonc}, near Sybrandskraal.

{8) Red Granite, Salt Pan, near Pretoria.

. (9} Red Granite from quarry, near Aapies Rivier Station, Pretoria District.
{10) Felsite, Klipplaatdrift 84, Bronkhorstspruit District.

6¢
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In the former rocks K,O appears to predominate slightly, w

in the latter rocks Na,O is generally greatly in excess ovéer K,
Comparison with typical analyses of “ Old Granite” shown
Section 5 does not reveal any appreciable difference in ches
composition between the Red granite and the “ Old Granite ”’, they
there are mineralogical differences. The alkali content in the foyi
is however, slightly greater than in the latter.

In both the Red granite and the Alkali rocks the CaO coif
is verly low, but greatly exceeds MgO. '

UNDERGROUND WATER SUPPLIES.

Du Toit (2, p. 118) points out that since the Red granit:
generally less coarse and more homogenous than the Old granite, :
Red granite is unfavourable to deep boring and very few holes |
been put down to more than 250°, and that only moderate or
supplies can be expected. The tough and fine grained Red felsites
granophyres are generally avoided on account of drilling difficulf;
but in weathered zones give fair supplies at shallow depths.

Frommurze (3, pp. 133~134) gives the following figures -

Middel-
i Pretoria.] Brits, | Rusten- | Marico. | burg
burg, (TvlL),
g
Average depth. .............. ..., 130 it | o4 ft g9 ft. | 135 it. | 135 {t,
 Average yield per diem in gallons...| 14,000 | 11,700 | 20,500 | 13,500 | 20,000
Percentage of failures........... ... 38 37 — 35 37

No data are a,vaﬂablc for boring results in the Pilansberg Allg
rocks.

QUALITY OF THE WATER

"In Table 5 are shown the results of analyses of 20 sample
water from the Red granite covering the Pretoria, Waterberg,
gietersrust and Middelburg districts of the Transvaal. = The maje
were carried out by the author, but a few by other analysts are mely
which latter unfortunately do not give the SiO, content.

The author could not obtain samples from the Pilansberg A
rocks, but through the courtesy of Dr. Ockerse of the Departs
of Public Health, ¥ analyses of waters from these rocks were
available and are shown in Table 5. Unfortunately these latts
not give the SiO, content.

The waters arising both in the Red granite and Felsites 4
the Alkali rocks are very interesting and characteristic.

(i) The Waters in the Pilansberg Alkali Rocks.

The chief- characteristics is the appreciable soda alkalinify:
the consistently high fluoride content.

The concentration of salts is generally fairly low, round
28 parts per 10% Soda alkalinity is always present. Expre

mple Numbers.
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"
Sample i Borchole | : 4
No. Instrict and Provinee. | Depth. Loculity, escriplion and Remarks, 3 ate,
i Teet. '; g‘\
43t Rustenburg, Transvaal..o oo : — i Borelole on farm Doovnfontein Sz, $ miles West of Rooiberg - o
©Pin Mine, {Amal Div. C.5. per Dr. Ockersed. ... ... e Yot \ééi‘
i e
432 Waterberg, Tomawvaal.. ... oL . — Berchole on Kwaggefontein 996, near Lecuwpoort Tin Mines. ) ’:
fAnal, THyv, G50 per Dr. OckersSel . on oo oo JTETES i
6oz Watetberg, Traosvaal..... i Spring in Sanatovivm, Warmbszths,  {Anal. 14 Weally. . G52 % ok
£ — " -
S Waterbery, Transvaal.. ., .. { Borchele on Camping Ground, Wagmbaths, ... ... ... .. .. 26/ $/3n % &
i —- 5 N 3
: - S
87 Waterberg, Transvan Borehoie {Bechelts} i Warmbaths. oo oo ..o 20/ 8/ ;3%
T4 Waterberg, Tranwvazl . oo | Borehole Rictsprail 6rr. 11 mil st of Rooibery Tin Mines 20/ $/50 o
a3 Preterie, Transvaal... .., ... B0 % Borchole on Main Road neav ! River., 28/ 9/39
P30 Pretoria, Tramsvaal Borehole af Kelana, 6 miles Nooth of Hamanskraal, ..., ... ol o2gftz/3e ; o
325 Protoriis, Transvaal AL Post, Lasgheaal, 2 miles West of Himgnskraal 4 3/ ,@5 :
ju% Pretorie, Transvaal i Borehole on farm Whipdrift 123, 2 miles East of Hamanskemal. ... 1 4/ 3/41 'ﬁg
3 Pretoria, Tramsvaal, . - — Borehole on farm Ve Quarry. 3 miles from Salt Pano. ... ... 4/ 3/ 3
— — %
&) Pretoria, Transvash ool -— Spring on voxd to Saft Pan, 3 miles South. oo oL 4 3/ . ”‘)gg
B - — - - 20
! Borehol: v Pelronzlin Siding on Main Road... af 3/ “?‘}
2
Bronkhorstspruit, Transvaal [558) Tovchole on {ann Klipsp ga, near Svimaadsiorant, ... ... 1 2/t /41
317 Bronkhomstspenit, T Lorchole farm Zusterhoek to3, on toead from  Enkeldoorn
Tolice FPeost Lo Sybrandskraubo oo oL o 24711 /48 e
| ¥ o
R
310 I Taronkhoestspruit, Tran - Spring near road, 1 mile South of Enkeldoorn Police Post...... | 2q/11/43
: Bronkhomtspruit, Transeaal, oo o - P Borghole on RKameelpoorts Nek 60, 17 miles North-Fast of S S.
R | Sybrandskraal.  {Anal Div. C.8. per Dr. Ockursehu...oo.... 24/18 /41 ,ff
Petgictersrust, Fransvaal L }Bo:‘clm!c o Rietfontein 1o, 5 miles West-North-West of
i Naboomspruit,  {Anal. Riv. €8, per Dr. Ockerseh.. ... ..., 1640
— _ _— =
i Potgietersrust, Fransvaal. . I Tarehote Moorddrift, SUWion. ... .. .ooveii e 7/ /40
139 ; Rusienburg, Transvazl.. oo oo, : Borchole on Kaffirsksaal 352, 17 miks Souti-West of Beestekraal } g"{(
| Po2g. fAmal Div. C8. per Dy, Qckerse) 15941 e
503 ¢ Middelburg, Transviul, ! spring near Loskop  Irrigation Works. . fvf)
Johamnesburg)....... ... .. et e e i 3/ 8738 . Lo
N ! o
305 | Rustenborg, Transvaal.. ... e Well at Keffirskranl 8go.  (Anal. H. Mever}.. ... ... ... et i 1gq% ‘{‘ {;’,
506 ; Rustenburg, Transvaal.. ... ‘ ! Borchole on Saulspoort 269, {(Anal. T Meyer}. ... ...l 1041 1 : ‘%# E)“
H - N N i
397 Rustenbirg, Transvaal...ooooo i : Epring. Wydhook gor. {Anal H. Meyer)...............LL 194X ?,;? ?g
g8 Rustenhury, Transvaat Barehole on Buffelspan 5880 {Anal. H. Meyer)............... 1941 5%}
; G
552 Rustenburg, Transvaat - ' Borehote on Ledig 744, {Anal. Div. CS. per Dr, Ockerse}.. .. 194t R 13'3
B0 Rusl_a“nhnrg_ Fransvasi ‘ - | Torchole on Bockenhontfontoin. $8¢. (Anal. Dhiv. C.8. per Dr. ; = 5?;
3 . i LT 1941 7 ;‘a
Gox Rustenburg, Transvaal... 1 Borchole on Buffelslkloof 219, {Anal. Div. C.5. per Dr, QOckerse} l 04 ,:;%%-
s = Tl
e i
3 o
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of total salts the average is 287 per cent. (as Na,CO,). As
entioned, the alkali content of the rocks (particularly Na,zO)

'mely high, so it i¢ not surprising to find that the waters C,how
iable soda alkalinity.

he potassium content of these waters is very low, the highest
11t being only 0-35 parts K per 10% {or g-0 per cent. K in terms
nl salts). The reasons for the very low potash content of these
ther waters in the Union will be discussed later (Page 171), but in
ase, as previously mentioned, NaZO greatly exceeds K,O in the
herg Alkali rocks.

n spite of the appreciable soda alkalinity the pH. of these waters
not appear to be exceptionally high, averaging only #-6 in the
les tested, so that the soda alkalinity is generally in the form of
in bicarbonate rather than the carbonate. The chief exception
it of the Ledig borehole (sample 552). The pH. of this water
J i the highest so far recorded in South Africa, excluding that
1 concentrated liquor in the soda pan near Pretoria. In the
v-sample appreciable sodium carbonate as well as sodium bicar-
» 1s therefore present.

In the typical rock analyses previously given, calcium was seen
tly to exceed magnesium, the average ratio being 1 : 0-3. Therefore
ot surprising to find that in the waters CaO exceeds MgO, the
being about 1:0:6. Chlorides are low, averaging only 7-I per
.CL in terms, of total salts.

sulphates are also low, averaging 2-5 per cent. SO, interms of
salts, and this sulphate is undoubtedly present as sodium sulphate
¢ there is never any permanent hdrdness—mstead there is an
of soda.

weale-forming salts are consequently restricted to calcium and
nesium bicarbonate, which average about 40 per cent. (as CaCOy,)
s of total salts.

The most striking feature of these waters is the consistent fluoride
{ent.  Fluorides always appear to be present, generally in amount
ly exceeding the safety limit of 1 part I¥ per million laid down
ublic Health Authorities. One sample, namely, that in the highly
ine Ledig water has the extraordinary high fluoride content of
i parts F per million (3-8 per cent. F. in terms of total salts), the
1west so far recorded in the Union, excluding the highly concentrated
assalt liquor in the Soda Caldera at Salt Pan*

An interesting fact, arising out of the appreciable soda alkalinity
ys present in these waters, is that the fluorine is always present
he form of sodium Auoride (NaF), and not calcium fluoride (Cak,).
example, had the CaF, been present in the Ledig sample (7-1
CaF, per 109), this would have given rise to a permanent hardness
1-2 parts (as CaCOy) per 105 which is easily determinable. No
anent hardness was found, but instead a soda alkalinity of 35-0
Na,CO; per 105 is present, and so in the other waters.

fi_ﬂce the above was written a spring water on Doornhoek 134, Rustenburg District ,
und to contain 67.2 parts F per 10 (6.4 per cent in terms of total salts).
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As aforementioned only two of the published analys
Pilansberg Alkali rocks show the fluorine content ; in both t]
is appreciable, but all the Pilansberg rocks contain fluorite,
have fluorapatite as an accessory mineral, so that it is highly
that all these rocks contain appreciable fluorine. It is not.
therefore to find that fluorides are always present in appreciab
in waters arising in these rocks.

- The alkaline ear
e the NaHCO; 1
With reference

eous 1ocks, Lind;
orine are sometin
always confine
ity. Their con
ulting from the d
TON appears in co
e author did not :
granite waters

The Salt Pan, a
sunken soda calde:
is hotlow consider:
n produced by t
inutely studied by
e crater to a phr
m and sides of t
mposed of the san
speculative, thoug
waites have been
It will be insts
om this caldera w

it

The significance of the fluoride content of these wate
discussed further,

These waters are allocated to the Alkaline Soda Carbon;
D. of Waters. The percentage Na,CO, or NaHCO, content.
high on average (28 per cent. as Na,CO,) as in the case of £
arising in the Upper Beaufort series (37 per cent. Na COy

The utilisation and chemical correction of these alkali
from the Pilansberg rocks is dealt with under Group D., b
be stated here that these waters can be used for all domestls
and for watering stock since the absolute amount of Na,CO, o
is not high, whilst for the same reason these soda alkaline 3
be used for irrigation. The soda content however offers
with regard to their utilisation as boiler feed water.

(1) Waters wn the Red Granites and Felsites.

The concentration of salts in these waters varies a
on account of differences in rainfall. On the Eastern margin
granite the concentration of salts is very low and in this r
waters therefore approximate to the author’s pure water G
their percentage composition is much the same as in the
other Red granite waters.

Some recent a:
hor, are compal
ed granite water.
al salts in order

On the average, however, both in concentration and ¢o
these waters are very similar to the alkaline waters of the
Scale-forming salts are lower than in the Pilansberg w
could be anticipated for the analyses of the Red grani
slightly lower CaO and MgO content than the Pilansberg A
The CaO:MgO ratio ic even lower at x:0-3 compare
I:0-6 of the Pilansberg waters.

The chief difference however, is in the chloride con
varies a good deal in Red granite waters but on the aver:
high at 18 per cent. Cl. Such applies particularly to t
waters from Warmbaths, which some observers assume to b
or juvenile waters.

Incidentally, it is interesting to observe from the autho
in Table 5 that the water from the well known thermal s]
Warmbaths Sanatorium differs hardly at all, except in ti
from the other borehole waters in Warmbaths. The chie
between the Warmbaths waters and the other waters
granite is in the absolute amounts of sodium bicarbonate a
Certainly the Warmbaths waters appear to fit in with t
of a magmatic water as given in Clarke (43, p. 24):
juvenile waters on the contrary, are fairly constant i
particulars, and carry sodium bicarbonate, alkaline silicate,
etc,, as chief constituents, with chlorides and sulph
accessories and practically no carbonates of the alkaline ¢
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dlished analyses : alkaline earths are certainly low (CaO less than 5 per cent.)
' nt; in both the fiy, e NaHCO; is very high and Na,SiO; high.

ntain fluorite ang g E With reference to- relatively high chlorine in waters arising in
1at it is highly prohays,. - rocks, Lindgren (35, pp. 47-48) states:  Waters rich in
e, It is not surprig are sometimes found in ascending springs in igneous rocks,
it in appreciable amg ways confined to regions of comparatively recent volcanic

Their conposition is somewhat different from the brines
g from the dissolving of salts {from sedimentary beds
appears in considerable amounts . It may be mentioned that
or did not find boron in the Warmbaths waters or in other
anite waters tested.

e Salt Pan, an extraordinary volcanic crater, or more correctly
n soda caldera is located in the Red granite formation. From
low considerable quantities of salt and sodium carbonate have

of these waters will

> Soda Carbonate Groy
ICO, content is not
1 the case of the Wate
cent, Na CO,)

.

of these alkaline wate produced by the S.A. Alkali, Ltd. This soda caldera has been
: Group D., but it m, y studied by Wagner (36) who has ascribed the formation of
or all domestic purpeg ter to a phreatic volcanic explosion. Red granite forms the
it of Na,CO; of NaHCg d sides of the crater while the volcanic breccia is largely
joda alkaline waters cg ed of the same rock. The material originally filling the * pipe ”
wever offers difficulti lative, though blocks of alkali syenite, related to the Pilansberg

have been found. _

will be instructive to compare the composition of the brine
this caldera with the Warmbaths waters and with other waters
e Red granite analysed by the author.

me recent analyses of the brine, including one made by the
are compared in the following table with some analyses of
ranite water. The results are expressed as percentages of the
Its in order to eliminate the conentration variable.

nd Ielsites.

ers varies a good deg
wstern margin of the Re
and in this respect thes
pure water Group E, by
ne as in the case of th

tration and compositio
vaters of the Pilansherg
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PERCENTAGE ON TOTAL SALTS.

27,200

CaO. .o .
NaCl. oo e
NagCOs i e
S80,.. ;

Total Solids as parts per 1o05..

10

Na,COuu il

Ratio NaCl :

{Anal. J. McCrae and H. Weall.)
(Anal. G. W. Bond.)

{Anal. by H. P. Meyer}, cited by Ockerse and Mever (78).
{Anal, H. R. Blumenberg.)

{Anal. H. R. Blumenberg.)

Zoutpan 467, Pretoria District, Liquor from Borehole 12 on Gaylussite layer.
deep {** fresh water ') borehole No. 2, on South side of Caldera.

Composite sample from 27 boreholes samples on 26/11/42.

Sampl. of brine.
Sample of * Fresh Water ”’ borehole No. 3.
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{Anal. G. W. Bond, see sample 328, Table 5.)

{Anal. Govt. Lab., see sample 602, Table 35.)

{Anal. G. W. Bond, see sample 8%, Table 5.)
{Anal. G. W. Bond, see sample 325, Table 5.)-

(6) Thermal Spring in Red Granite, Warmbaths Sanatorium.
{8) Borehole water in Red Granite, Petronella Siding, North of Pretoria.
(9} Borehole in Red Granite, Langkrazl, near Hamanskraal.

{(7) Borehole water in Red Granite, Warmbaths.
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m these comparative analyses it will be seen that the highly
ated liquor from the centre of this soda caldera does not
differ greatly (except in concentration and in the percentages
MgO and SiO,) from the usual run of Red granite waters.
entre of the pan NaCl greatly exceeds Na,CO,, but as the
e pan is approached the proportion of Na,COy rises until it
mates (see analysec of ““fresh water” borehole) to that of
linary Red granite water.

e absence of any appreciable quantity of calcium and magnesium
soda liquor as well as the high proportion of NaCl to Na,CO,
adily be explained on physico-chemical grounds. The liquor
entre of the pan is highly concentrated and is therefore saturated
ect of certain ions [i.e. the solubility of Ca(HCO,),, Mg(HCO,),,
nd Na,CO,; in a 16-18 per cent. NaCl seolution]. Hence the
s-of “trona” (NaHCO,.Na,CO, 2H,0) and gaylussite
3-CaC0,.5H,0) in the bed of the pan. Magnesium is present
ordinary Red granite water in little more than traces.

e presence of numerous siliceous concretions in the bed of the
e work of siliceous organisms {diatoms), no doubt also accounts
silica, which was present in fair amount in the original water,
present in the brine only in traces.

agner (36, pp. 106-107) suggests as an alternative theory to
nt for the high chloride in the caldera liquor, that the chloride
e cyclic, that it is derived from sea spray blown inland during

The author however contends that not only is this improbable
count of the distance from the nearest sea coast, but it is quite
ssary as a theory, for, as shown in the above Table, a relatively
percentage chloride is a characteristic of all Red granite waters
ared with the OId granite waters.

urther, appreciable soda is another characteristic of all Red
e waters which can therefore be described as chloro-soda car-
ite waters. The very nature of the crater or caldera at Salt Pan
d lend itself to enormous concentration of the normal underground
r draining from the surrounding Red granite. It is contended
sfore that the soda liquor in the caldera has originated by concen-
on from Red granite ground waters.

To revert to the general characteristics of Red granite waters,
as mentioned that they were very similar to those arising in the
rocks of the Pilansberg. As in the case of the latter waters
ides are always present in appreciable amount and for the same
ons, it may be assumed that the fluoride is present as sodium
1de, for soda alkalinity is always present.

Nineteen of the samples of Red granite waters shown in Table 5
‘tested for fluorides, but only one sample gave a blank In many
the fluoride content is above the Public Health safety margin
part F. per million. This is one of the striking characteristics of

‘Granite waters.

The waters in the Old granite in the Transvaal occassionally
an appreciable fluoride content, but many samples do not show
a trace. The Old granite in the North-West Cape Province
en gives rise to waters with an appreciable fluoride content.
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No other formation in the Union, excepting the Pilansberg
rocks, gives rise to water which so COI’lQlktCHﬂy’ containg fluor
has been mentioned that the Pilansberg Alkali rocks nearly:
contain fluorite (as Cal’) as an accessory mineral, thus acce
for the consistent fluoride content of the waters arising the
search through the literature has not yielded any mention o
as a normal accessory mineral in the Red granite, and the wri
not found any fuorite in thin sections of normal Red granite
examined microscopically, Apatite is however sometimes pre
an accessory mineral and this may contain a little fluorine.
tunately as aforementioned, the published chemical analyse

II.—THE WATE
PLUTONIC ROCKS
This formation &
n account of the plat
deposits found theren
perhaps of such great
pasic plutonic rocks

populated or else nativ
with verystrking chen

D
The basic rocks

granite and cyenites do not give the fluorine content. In t Complex, and occupy
analyses made by the author fluorine was determined but was no land and Steelpoort i
to be exceptionally high.* West and from Potgi

Small segregations of fluorite are however known to exist Pretoria North in th
Red granites, for example, the occurrence at Walmansthal N 5 t0 20 miles in breac
Pretoria District (65 Lombaard) and it is probable that the of younger formations

gations are more common than realised.

It may be mentioned that a composite cample of the b
the soda ealdera was tested by the author and found to conts
parts F. per million.

The signiﬁcance of the fluorine content of these and othe
in the Union is further discussed (Pages 169--170). kuniland).

Silica. is consistently high, averaging about 18 per cent. " The rainfall vark
terms of total salts, though in absolute amounts seldom e he Bechuanaland bo
58 parts SiO, per 10% In this respect the Red granite waters below thie.
the Old granite watets in the Transvaal. In both the silica
is relatively higher than in any other waters. The probable re
this has been given previously,

Sulphates are seldom present in any amount, the average
z-0 per cent. SO, In many cases traces only are present.

Soda alkal-inity is nearly always present averaging, as in;
of the alkaline waters from the Pilansberg, about 28 per.
Na,CO, in terms of total salts. The fact that the pH. of thes
is on the low side (averaging %-4) indicates that codium bic
rather than sodium carbonate is generally present.

Scale-forming salts form only about 25 per cent. (as C
the total salts and are restricted entirely to calcium and m
bicarbonates.

These waters have been allocated to the author’s Alkali

the chrome and plats:
and, of course, part ¢

The formation h
ccording to the type
Xtreme ultra basic ki
are, from the point o
- They vary from
:_northosztee to chrom
The chief types,

egards the former (35
5 norite ' is a misnc
gabbros 77,

It is sufficient to
f a mmture of the ]

Carbonate Group D. Actually on account of the relativel; Ore rarely hypersth
chloride they would be more strictly clagssified as a sub-grou Crease in the felspa
chloro-soda carbonate waters. 0 pyroxenites whicl

The industrial utilisation of these waters and the 2 Pyroxene minerals (¢

chemical corrective treatment is dealt with under Group D

It may be mentioned here that these waters, provided
not polluted, can be used for all domestic purposes, except:
fluorine content exceeds 1 part F. per million. They can be
watering stock and also for irrigation, since the absolute ar
soda are never above 2o parts Na,CO, per 10° ;

Less common ar
eks rich in magnesia
¢ well at Mooihoek (
uch rarer and con
ine rich in iron).
ince the chemica,
on the strking
€in, ten typical an
"€ next page.

* Since the above was written, Dr. Wasserstein of the Union Geological
trographically determined for the author the flunrine content a few sampl
granite from various parts of the Bushveld complex, and found fluorine t0
about .02 to 0.2 per cent. F. :
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THE WATER IN THE BASIC AND ULTRA-BASIC
ONIC ROCKS OF 1HIE BUSHVELD IGNEOUS COMPLEX.

his formation is, of course, of very great economic ymportance
ount of the platinum, chrome, iron ore, magnetite, and magnesite
ts found therein, but from the viewpoint of this study it is not
s of such great importance since the region underlain by these
lutonic rocks is essentially agricultural and is cither sparsely
ted or else native territory. However, the formation yields water
erystrking chemicalcharacteristics and is well worthy of study.

ht,ﬂe fluorine. U, DISTRIBUTION AND RAINFALL.

mical analyses of Re, ‘he basic rocks form the bacal zone of the Bushveld Igneous
» content.  In the ty lex, and occupy the rim of a basin which stretches from Sekukuni-
lined but was not foun, nd Steelpoort in the East to the Bechuanaland border in the
and from Potgietersrust in the North-Eact to Rustenburg and
ria. North in the South. The rim of basic rocks varies from
20 miles in breadth but is considerably interrupted by coverings
nger formations and in the Central area by the Red or Bushveld

€.
‘he only important centres situated on these rocks apart from

g the Pilansberg Alk
y contains fluoride -
I rocks nearly alw-a
neral, thus ac:countm
ers arising thereip .
mny mention of flygp
ite, and the writer p,
aal Red granite he ha
- sometimes present 4

known to exist in the
Walmansthal No. 116,
bable that these seg

L found to contain 355 hrome and platinum mines, are Rustenburg and Potgietersrust,
i d oth . _ of course, part of Pretoria North. A great deal of this area is
1ese and other waters ¢ territory (i.e. in Marico and Rustenburg dictricts, and Seku-

ind).
'he rainfall varies from r5” to 25" but in the far West along

echuanaland border and North of Zeerust it drops considerably
“thie.

it 18 per cent. Si0, iy
unts seldom exceeding
granite waters resemble
both the silica content
Che probable reason for

GEOLOGY AND LITHOLOGY.
he formation has been divided into a number of “ zones”
ing to the type of basic rock, but all these types except the
me ultra basic kinds cuch as dunite (of very limited occurrence)
om the point of view of this investigation, similar.
hey vary from diabase, gabbros and granodiorite, bronzitite,
osites to chromitite, peridotite and dunite. .
he chief types, however, are the norite and pyroxenites. As
s the former (37 Lombaard, p. 22) has suggested that the name
” is a misnomer and that such rocks should be termed
ros 7,
It is sufficient to state that these gabbroid rocks consist mainly
mixture of the more basic plagioclase felspars, i.e. labradorite
northite, with pyroxene minerals (either diallage or bronzite or
rarely hypersthene) accompanied by a little magnetite. By
se in the felspathic constituent these norites or gahbros pass
yroxenites which are generally rather coarse grained aggregates
xene minerals (diallage, enstatite, bronzite or hypersthene) with
ttle of the more basic plagioclase felspars, and some iron ore.
ess common are the peridotites, which are olivine-pyroxene
ich in magnesia. (One of the water samples, namely that from
11 at Mooihoek Chrome Mine was taken from that zone). Dunite
h rarer and consists almost entirely of the mineral hortonolite
ne rich in iron).
nce 1he chemical composition of these various rock types throws
n the strking chemical characteristics of the waters arising
i, ten typical analyses of the main types of basic rock are given

ant, the average being
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7eraging, ‘as in the case:
about 28 per cent. a
he pH. of these waters
at sodium bicarbonat
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er cent. (as CaCO,) o
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Pyroxenite, Chrome Mine, Groothoek 171, district Lyden-
burg (near well from which water sample No. 414, Table 6,
was obtained).
Oxidised pseudoporphyritic pyroxenetic diallage norite,
Uitvalgrond No. 334, Rustenbrug district.
Composite sample of oxidised norite, Schilpadnest No. 233,
Rustenburg district. |
Bronzitite on Jaghust 333, South side of Olifants River,
Lydenburg district (In vicinity of water sample 413, Table 6).
Harzburgite, Vlakfontein 9oz, Rustenburg district.
Hortonolite Dunite, Onverwacht 330, Lydenburg district.
Sulphidic Platiniferous Norite, Dwarsrivier No. 86, Lyden-
burg district.
Spotted “ Norite 7, Schaapskraal No. 442, Lydenburg
district.
Pyroxene-Olivine Norite, Vlaklaagte 511, Rustenburg dis-
trict.
Chromite-bearing Bastite Serpentine, Vlakfontein No. goz,
Rustenburg district.
he chief characteristics of nearly all these rock types from the
zone is the great preponderance of magnesium over calcium,
tter rarely exceeding 5 per cent. This preponderance is not so
d in the diabasic and gabbroic phases as it is in the pyroxenitic
till more basic types, in which the calcium may be as low as
e. In the anorthositic types of norite the position may even
ersed. Taking the rocksas a whole, however, they are essenttally
n magnesium and very low in calcium, and this, as will be shown,
‘marked effect on the waters arising therein.
nother important characteristic is the very low alkali content
‘these rocks, which rarely exceed 1 per cent. of the rock. This
to the fact that not only are the felspars very limited in amount
hey consist of the more basic types of plagioclase felspar, from
dorite (55 per cent. Na,O) to anorthite (Na,O = o-0 per cent.
la CaO.Al,O; 2510,). The latter (anorthite) is the commonest
r present Lombaard {37, p- 36) though only in the pure
hosite rocks is anorthite plagioclase present alone. This low
Na,O content of the rocks has also an important bearing on
nderground waters.
hese basic rocks, more particularly the gabbroid and pyroxenitic
, give rise to the typical ““Dlack turf ’ soils with a similar

osition to the fresh rock Lombaard (37, pp. 48-50).

UNDERGROUND WATER SUPPLY.

here are hardly any perennial springs. As regards borehole
ies Du Toit (2, pp. 117- 718) mentions that the hard speckled
line “ norite ”’ commonly displays fresh outcrops flush with the
e or with just a foot cr two of soil, so that it is often difficult
¢k a site free from solid ek, consequently borehole failures in
ormation are many (usuaily over 45 per cent.). Supplies when
l, are usually at shallow depths (less than 1oo ft.) The quantity
nerally well under 30,000 gallons. Du Toit points out that in
iabasic sheets associated with the norite far better results are
ned in spite of the fact that the rock itself is tough and hard.
is due to the greater depths of ** weathering ” compared with the

types..
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The boreholes in the diabasic sheets are also shallow wi
average vield of 25,000 gallons per diem though several bo

gave yields of 50,000 gallons or over. Excepting the Marico d ="
the percentage of fmlureq in the diabasic sheets is low (about ST
cent. on average). :
QUALITY OF WATER, 6 51-6
As mentioned, there are no perennial springs on the basi IT_“;;'S_“
of the Bushveld complex, and borehole supplies are scanty exc - —
the diabasic zones., N7 | 498
The author was therefore able to collect only 15 samples ¢ 177 3.3
and borehole waters from the Marico, Rustenburg, Pretori ~ e
Lydenburg districts of the Transvaal. The analyses are sh FO |5
Table 6. Many of these samples are from the pyroxenitic zon 77 33
the complex. . —
I'o 465

The concentration of salts varies but tends to be mode
high, averaging 44 parts per 105,
The pH., of these waters is quite consistent and on the hig
averaging 7-+7.
The chief characteristic is the very high silica content
averages 158 per cent, on the total solids. This is extreme
and serves to differentiate them from nearly every other,
The only other formations yielding waters with such a higt
content are the granites, but the granitic waters are generall
in Na,CO, or NaHCO,,
- At first sight the high silica in the basic rocks may
surprising for soda alkalinity is never present. Instead there i
a small amount of permanent hardness. Arising out of this {
from a consideration of the total solids figures, the author
that the silica in these waters is not present as sodium silic
as colloidal silicic acid (H,Si0,).
The consistently high silica content of these waters
explained as follows -
Waters charged with CO, attack rocks rich in

enstatite, serpentine, and other magnesium silicate

with the formation of magnesium bicarbonate and silic

The reactions may be represented thus :— '

() MgSiO4 + 4C0, + 3H0 = 2Mg(HCO,), + HyS1

(Olivine)

{2) MgSiOy + 2C0, 4+ 2H,0 == Mg(HCO,), -~ H,S5i0
(enstatite)

(3) HMg 351,04 + 3H0 -+ 6CO, == 3Mg(HCO,), + 2
(serpentine)

Similarly with other magnesium silicate minerals,
The small amount of basic plagioclase felspar present
rock gives rise to Ca(HCO,),.
The ground water thus contains much Mg(HCOQ,),, a fair
of colloidal silica, no Na,CO, and but little Ca(HCO,),. O
drawn up to the surface by capillary action the water tends to
MgCO, in the form of magnesite, mixed with opaline silica
rule the magnesite rubble contains very little CaCO.,,.
In this manner the loose surface magnesite deposits ar
Two comparative analyses are shown on page 55 to illus
relationship between these surface magnesite deposits and t




TABLE No. 6—NORITE, PYROXENITE AND OTHER BASIC ROCKS

OF “* BUSHVELD COMPLEX ™
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54 DESCRIPTIGN OF SAMPLES IN TABLE No. 6.

sle 1.~—Magnesile

'g;l;a]ysis was the:

S';mple R Borehols S T from the same
: ; Locality, Description and Remarks. !
No. i Pepth. ¥ ¥ ; Date o the rubble and
Lydenburg, T | Feet. i : le 2.—Surface 1
Lyde id ransvaal..... o oo e ol d 3 al. Govt, Lab. inbasi 22 i
401 ydenburg, Transvaa . . Borehole in Steclpoort.  (Anal. Govt. Lab.) {diabasic zonc}. ... 1{_h..‘- n : Feerust, Marico ‘[
425 Lydeabury, Transvind. oo oo —_ Borchole near $teclpoort.  (T'r. Ockerse’s report.  Anal. B.C.8) 1541 "‘h& immediate vic
A o - . - - - 50T
413 | Lydenburyg, — Well it Chirome Mine Jagdiust 333, near Olifants River. ... .. .. July. compar
i H

% water in both b
icarbonate and ¢

414 Lydenbory, Transvaal..

— Well @t Union Corporation Chrome Mine, Groothock ryx.. ... July,

415 Eydenburg, Transeaal. oo Lo Borehole at Moothock 147, near Steclpoort. .

niarry,

Hn 1560 Borchole in Rustenburg, used at Power Station. ... . ...}

R,

nburg,

28/1z2 40

Rustenbur:,

B Rorchole, Stuurman:
Rustenburg

................ . Bfiz/q0

Rustenburg, Transvaal. oo oo, Borehole on Main Road to H

Kroondal. ... .o oo oo RN ST
303 Rustenburg, Tranwvaal. oo 100 Borehole, 7 milex South-IZast of Marikana on Main Road 4o Dam | 157/) :./.;o-
- 302 Pretoria, 'i'r:mx\-u:ﬁ. ,,,,,,,,,,,,, e 120 Borehole, 5 miles West of Flartebeestpooart Lam on Main Rond
to Rustenburg.  (Hesidence ). Plemaar).. . ... ... .. ... ... 17/ 40
329 Pretara, Transvaal...o oo oo 329 Borehiole, residence 1y miles North of Wenderboom.. ... .. 1 4/ 3/ ’
345 Krantzhoery, Transvaal (NJW. Rostenburg). . - Borchole at Swartkop Chrome Mines, Ié mi ‘:-)rlh of Northam | 27/10/41

Potgictersrust, Transvaal... oo oo o, Borehiole in Potgictersrust, W

sboof Station.. ..o oL Ll 281041

Marico, Weslern Transvaal..... ... . ..., : — Spring on Brakionlein 307, North of Zeerost, .. ..., ... ...,

9f /42
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ple 1.—Magnesite yubble from Steelpoort 'Va,lley West of
rg.
e analysis was the average of 1o samples, while the sample of
vas from the same vicinity. There is gz-0 per cent. MgCO,
in the rubble and a small amount of opaline silica.

mple 2.—Surface magnesitic deposit from Brakfontein 307,
of Zeerust, Marico District (analysis on dry basis). This deposit
‘the. immediate vicinity of a spring, the analysis of Whlch is
or comparison.

e water in both the above samples consisted mlanly of mag-
“bicarbonate and collidal silica.

Sample No. 1. Sample No. z.

i Water Water
i Deposit Percentage Deposit Perceniage
’ Percentage. on Total Percentage. on Total
Solids. ! I Solids.
_____ 1 I
i | |
................ ; 46 1470 : 18-0 1 G-3
Gro v ! 0" g : — k 620 i' -—
................. i 19 74 ! 030 i I-2
.................. (3-38) (13-0) i (0-64) i (2-15)
................. 43-8 28.0 5 41+ 50% ' 407
e (920} (59-0) . (63-5) : (B4-0)
................. Nil 5.g Nil 1 1-07
................. Nii 13 | Nil i 0-10
................. i 48‘-‘5 370 33°5 ! 44°0
................. ! Nil Nil | Nil I Nil
ToTarL.......... 997 - 99+ 50 ! —
a0 @ MgO......... I 230 1:3'5 I: 11570 I I 34°1
................... J. Gray. | Gov. Lab. ;G. W. Bond. | G. W. Bond.

ome of the magnesium in this deposit is combined as magnesinm silicate,

nother striking feature of the waters from the basic zone of
mplex is the high temporary hardness, averaging #8 per cent.
> total salts, while the total scale-forming compounds average
cent. In this respect the waters resemble the dolomite waters
described hereafter, and which are also of the temporary hard
There is however, a distinct difference, for the dolomite waters
mposed of an almost equal amount of Ca,lcmm and magnesium
onate, whereas the waters from the basic plutonic rocks of the
plex consist almost entir ely of magnesium bicarbonate plus silica.
e dolomite waters the ratio of CaO: MgO is 1:0-9g, but in the
the average ratio is 1:4-4. In one case the ratiois 1:18-0).
he great preponderance of MgO over CaO in the waters is to be
ed for the reasons previously shown.

hlorides are consistently low, averaging only 6-6 per cent. of
otal solids. In only one sample (No. 452) was the Cl figure at
h and here pollution was obvious from the high nitrate and
figures.

Sulphates are exceedingly low, averaging only 0-8 per cent.
mall permanent hardness present must therefore be due to the
ides of magnesium.
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The fact that there is never any soda alkalinity is not su
i view of the low alkali (K,0.Na,0) content of the basic a
basic rocks, as brought out in the rock analyses cited.

Since 78 per cent. of these waters consist of temporary
salts, they have been allotted to the author’s carbonate (te
hard) Group “C” and their utilisation and chemical treatm
be dealt with under that group (Section XXV).

It must be emphasised, however, that, since these wat
such a comparatively high silica content and further consis
of magnesium carbonate they offer special difficulties in treaty
certain purposes. They can be used for all domestic and agri
purposes and, after appropriate treatment, for steam raising, loco
engine water and for general industrial purposes.

Like other temporary hard waters in Group C. the high bicar
hardness of these waters mitigates against their use as a coolin
unless treated. :

On account of ti
¢ waters arising from
interest, 13 analyse
the system are sho
ters from the shale
the quartzite beds ¢
salts for both zonc
As is the case w

The total hardness
xceeds the temporar
- The waters fall

X.—THE WATEI

o The waters arisin
this study, for the ro
districts, and there a
Iocated on the format
D1

The formation ca

The above investigation into the ground waters of the
Zone of the Bushveld Complex should prove of interest sing
appears to be little or nothing in the overseas literature regard
nature of ground waters arising in basic plutonic rocks.

Even Clarke in his classic *“ Data of Geochemistry ™ (43,
gives no analyses of such waters, but refers to the action of carb
waters on peridotites and serpentines as producing magnesium

Torthern Ce
bonate and opaline silica. (@) Northern

: : : The Barl
Lindgren (35, p. 42) states that where magnesium ricl town
abound the underground waters are richer in magnesia than (B) Western T
and this substance may even egual the calctum. No reference i The Schv
to high silica content, and no analyses are given. Wolms
IX.—THE WATERS IN THE ROCKS OF THE and V.

WITWATERSRAND SYSTEM. |
Although the Witwatersrand system is of such vast eg

(c) The Johann
This incl

importance on account of the auriferous conglomerate beds gli Jol
upper horizons, it is of very little importance from the point i f_rou]gg
of this study. This is on account of the fact that the systemis 10(1111 L
to the Witwatersrand, though there are small outcrops of thes N Heid ?‘f 03‘ 7
in the Klerksdorp, Heidelberg, Greylingstad and Vredefort ar () %Tfl rs
Further, the whole Witwatersrand area is supplied throu Se %reai
Rand Water Board systems with treated water from the Vaa .m;(g.,
and therefore the underground water is of little mnterest to U H}f v ;
as a source of supply except to one or two breweries which uti () A small pab
borehole water from the lower Witwatersrand shales, that wate G

particularly suitable since it contains CaSO, and has a T

This volcanic syst
hardness, v y

tries and an Upper or
flerentiation has beer
ajority of waters she
es,

The Zoetlief series
lartz-porphyries, thot
desites, as well as v

The comparatively few boreholes in existence are mainly .
in the lower horizons of the Witwatersrand formation and ar
polluted. Boreholes situated in the upper division of the Witwa
system are almost invariably contaminated with mine waters

Furthermore, boreholes in the central part of the city of
nesburg from Braamifontein to Doornfontein and Bezuidenhout
are not located in the Witwatersrand rocks, but in the Ven
lavas. The numerous boreholes in the Northern suburbs ar
Qid granite, and these vield verv pure water.

Re_cent investigation I
8 g much older form
system.
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On account of these facts the author has not studied in detail
ters arising from the Witwatersrand rocks. However as a matter
erest, 13 analyses (mainly incomplete) from the lower horizons
system are shown in Table No. 8, and these indicate that the
 from the shale zones are comparatively pure, while those from
quartzite beds are exceptionally pure. (Average concentration

s for both zones is under 11 parts per I0%).
s is the case with all pure waters, the pIl. is always on the

temporary hardnpeg
.rbonate (tempory
nical treatment Wﬁ

: these waters have
'i‘:hel.‘ consist main]

des in treatment foy
stic and agricultyry
a raising, locomotive

de.

he total hardness is never high, and permanent-hardness generally
s the temporary hardness.

he waters fall into the author's pure waters Group E.

_THE WATERS IN THE VENTERSDORP VOLCANIC
SYSTEM.
he waters arising in this formation are of some importance to

tudy, for the rocks of this system underlie very large farming
ts, and there are also a fairly large number of small towns

d on the formation.
DISTRIBUTION AND RAINFALL.

he formation can be divided into several regional groups :-—
Annual
Rainfall.

the high bicarbonate -
e as a cooling watey

rgters of the Basic :
mnterest since there -
“ature regarding the
. rocks. |

istry 7 (43, p. 580)
wetion of carbonated

& magnesium bicay- . _
’ (@) Northern Cape Province—

The Barkly West, Kimberley, Herbert, Hope-
town, Mafeking and Vryburg districts.... 10"-15"

(o) Western Transvaal—

The Schweizer Reneke, Christiana, Bloemhof,
Wolmaransstad, Klerksdorp, ILichtenburg
and Ventersdorp districts....... R . 13"-25"

(¢) The Johannesburg District—

This includes the Klipriversberg hills South
of Johannesburg, and a narrow strip
through the Central part of Johannesburg,
from Braamfontein to Bezuidenhout Valley
and also Kempton Park....... e 30"-35"

(@) Heidelberg Drstrict— :

The area West of Heidelberg, known as the
Suikerboschrand, and to the South-East
including Balfour and Greylingstad...... 30"-35"

(¢} A small paich in the Novth-Eastern Mavrico District.

gnesium rich rocks
ignesia than wsual,
o reference is made

OF THE

uch vast economic
merate beds in its
a the peint of view
system 1s restricted
;rops of these rocks
/redefort areas.
pplied through the
om the Vaal River
nterest to industry
es which utilise the
s, that water being
d has a moderate

: GroLoGY AND LITHOLOGY.
his volcanic system has been divided mto a Lower or Zoetlief

and an Upper or Pniel (Ventersdorp) series.® In this study no
rentiation has been made between the two series though the large

are mainly located
ity of waters shown in Table 8 come from the Upper or Pniel

tion and are often

the Witwatcrsrand -
mine waters.
the. city of Johan-

ezuidenhout Valley -
n the Ventersdorp
suburbs are in the -

he Zoetlief series consists mainly of acid volcanic rocke such as
porphyries, though there are some amygdaloidal trachytes and
ites, as well as volcanic tuffs, breccias, quartzites and shales.

Geological Survey indicate that the Zoctlief series

ecent investigation by the
and is unconformably overlain by the Veatersdorp

is a much older formation
system.
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The rocks of the Ventersdorp system that overlie the
series are predominantly of basic lavas, volcanic tuffs and b
with tuffaceous quartzites, grits and so on. There are but a f

X - ; . SHALE
lavas. From the point of view of this study the chief charact
1s the basic or intermediate nature of the igneous rocks and | S B
The lavas are generally blue or green diabasic types, i Sample larx 58
places highly amygdaloidal, the vesicles mainly filled with qu R
chalcedony, the latter being red or vermilion coloured. The fi *
1s generally a plagioclase, usually very much altered and often p Part ;
ritic, while the ferro magnesian mineral is augite, also usually Methyl (5.2 | 1
altered to uralite, chlorite, etc. — .
The lavas produce a red loamy soil, which in the more ar1d re Total Hiraez | 10
1s covered by calcareous tufa. Permane 7:0  {  §
The tuffs and breccias consist of fragments of lavas and Tempora 52 | 1
fragments from older rock formations with a matrix of much de S B
posed igneous material, of a basic nature. Hardnes: 5.2+ 3
Only two or three analyses of the Ventersdorp Amygdal Hardnes 7-0 | 6
Lavas appear in the literature, while there are no analyses o NP
Ventersdorp breccias and tuffs. Soda Al Nil N
These analyses are given below together with three recent ar
made by the author of breccias and tuffs. E:
Total s0.18- 10
ANALYSIS OF VENTERSDORP AMYGDALOIDAL LAVAS, e =
Pttt P iRy vt Silica (a 2“5 1 o
' 1 f 2 3 { 4 Fluoride. — i -
SIO;m i 53700 5485 63-64 ' 5538 Nitrites. — Tra
TiOy. oo e 095 - : N
ALO . oo 19°70 I5°15 22 981 e 1 Nitrates — i 6
Fe,Op. ... o . . 28-6z2 B
FoO,o. I 258 | oido - Chloride: 2.4 | 1
MnGO................... Irace — 0- IO 0 06J ‘ - e
MgO.............c..... 40 4°30 325 362 Sulphat&mall
CaO. oo, 7020 2+ 80 400 3-40 mount I
K, 0 0+79. 150 130 0-98 - -
Na,O...... ot 0-82 3705 I-87 1:65 |(by P‘)t%‘ﬂu e -
POg oo o i Trace — . — =
ol S - — — 0-03 pH. \ral — 5
FeSyo o 023 — e — — =
H,04- oo o 140 1-98 o+ I0 . ]
H,0 : { — — ._ 458 Por !
COz .................... ! — —— 120 024 Si0y.... 138 i .
ToTAlL 8 . 66 e
k o T N S L Ca0.... 16+0 11
G 5= 00 F : : -8 L 0n, T
Ce s g0 o o] o [xiew oo | ar
Analyst................. | B, Bay. []J. McCrae. G.W. Bond/G.W. BondG.W. a“““" — .
[P P2 o B i T TP 13°2 .
(1) Amygdaloidal Diabase, Klipriversberg Hills, 3 mﬂes_ MI&CCM_IO'
of Johannesburg. Soda Al Nil Ni}
(2) Lava, Carsonville, Heidelberg District. mﬁ,/ 5%”" 63
(3) Volcanic Breccia, on farm Elandskuil 110, 5 miles Sot Porm. o y
Ventersdorp, on road to Klerksdorp (in vicinity of bo A 53
water sample No. 365, Table 8). - Tomp. Fage5 ) 8
(4) Amygdaloidal Diabase, Olifantsvlei 16, 1g-8 miles S Ratio ¢ | x:1

Johannesburg (outcrop not far from water sample

Tuff from a borehole, Rietfontein 18, 7 miles Nort
of Benoni.




TABLE No, 5-~WITWATERSR

AND SYSTE

SHALE ZONES,

- Sample Numbers.o ... L. 562 i Average

Parts CaCO, jur 107 Water :

Methyl Gounge Alkakinity. ...

Total Hardnesso.ooo o o000

Poermumenl Ilardress

Soda Alkalintly..

Parls per 10° of Water:

“Folal solids at {205°C)..ooeviiiai. | ¥s03 55 40 96 2.9 770 I 1ea i o1r-0 80

210 o8 (301

Silica {as 2t Si0y)...... 15 . 0% [RT I - ; — - rez 25

Fluorides {as F).. il ! — M -
BHECS. L HE - 5| Nl alcoy Nitoi Wil — a0y Nit
[ H Nit i e r5 3 Frace C Trace — H g 2-5 11
[P § o6 o1 a-8 24 5 13 36 14
- —— b L} crian: PR
Salplutes (as 850,). Trace | Trace o2 : P Smalt ; :
a'05 ; lrace . Amonnt 7 L e -
e U race - — o — i Trace i — —— —_ : e i
PH. Values. ..o H 7.0 ; |
PR ) : N
f

Taotal Sotids

34 35 35 i-¢ 7'3 13T Hex - 370

Trace Trace Trace Trace 1w-6 G4

N
o

w
=3

e

—

Soda Alkalinity {as No,CO..... .. PN
- :

Nii Nif

Nil 50 29°3 Nil Nl D Nil

Total ¥ardness fas CaCldgh. ..., o ;560 72 | joeo 1o 25°0 43¢ | 675 : 63-0 5473
—_— i : : . :

3, i i H - el H

Perm, Hardness {5 CaCOy)........ : 220 Nil i a3 i 285 3 Nil it io4qee0 I os5e0 95
R : ; i : H

Lemp. Harduess {as CaCQy}..
s VY

" Poliuted,



far as this study is

DESCRIPTION OF SAMPLES IN TABLE No. 8.

o R % analyses, is the g
Sample Horchole : r K0 and Na,0
No. District and Provinee. ! " Depth. lity, Deseription : H oW By L

o ovi H epth Locality, Description and Remarks. H ]).lt"l?. affs and breccias is

Feot,
o Borehale, 2-5 miles Wesl-South-West of Heidellerg on road to
Wereeniging. (Lower Quartzites).............. ... Ll 15/ 940

+he matrix of these
sntent in the basic k
labradorite plagic

218 | Heidelberg, Transvaal. ...,

i
|
i py
227 : Roadepeort, Transvaal. ... ... ... ... — ‘Borchole, }-mile South of Reodepoort Stauon, on Main Reef | d, the felspar m the
i L Road. {Quartzites}........... .. ... ... I coees Danfinfee As will be shown
128 i Johannesburg, Transvaal. .. ... ... — Borchole, residence of Mr. A. M. Jacobs, Westcliff, ]oxnnncﬁburq i low alkali contenr
R i {Grange Grove Quartzites)... ... ... oo, { i8/32/30 Stion of the waters ¢
554 { Johannesburg, Transvaab.... .. ... e . i -— Borehole, Upper Linksficld, Jolannesburg. (Crange Grove . UNDERGRC
i Quartxites). ... e 27/ 7/35 R .

= the Zoctlief series,
Johanaesburg, Transvaal.o., . ... ........ 4 — Borehole, on Stand 848/9 Roscttenville. (Upper Quartzi the ‘he Vevburg dis
(Anal, Govt. Lab., Johannesburg)...... P 7 7133 to the Vry g o

ve tough acid (thye
poor (1bout 11,000

Johannesburg, Transvaal

-— Borehole, Lower Hougitton Ridge. (Orange Grove Quarizites)
{anal. Govt. Lab., Johannesburg)......_........ ... ...l =

! very high (about 31
579 ¢ Johannesburg, Transvaal.... ... . .......... - Borchole, Beren. (I[n\p:l'\l Hill Quartzites} {Anal, Govt. Lab., | mmurze {3, P 331
. Johannesburgh, oo . :
he other hand, th
550 Johannesburg, Transvaal.... ... ............ orshole, on Stand 2003, (Shales?) {Anal. Govt, Lab., Johannes

remely important
Gept for a few hills i
ersdorp l)’mc lav:
htry, and “run o
“has been extensive

127 Johannesburg, Transvaal...,, —+ | Borehole, residence W, Tredre, Parktown.

{Maospital Hiil Slates) i 11fi2/30

21X Johannesburg, Transvaal. . ..., ... ........ - Totchole, Ohlsson’s Brewsrics.
: McLachlan & Tazar)

Prrfin/38

- - - - ; depths, and drillis
351 Johannesburg, Travsvaal... ., F e Well in Saratoga Avenue, Doornfontein.  {Govt. Reef Serics). . ’ ]Ium;-, s the followm“ AV
J— . d Lot eid 21,000 "ailom
550 Johannesburg, Transvaal... ... ... ....... } Borehole, Walter Mansions, Elefl Strect. {Jeppestown Shales) ' Marel, 15 per cc:nt failu
{Anal. Govt. Lab., Johannesburgl.ooooooo oo LN Toit mentions that

562 Johanneshurg, Transvaal.. .. ... .......... P P South ” Boreholy, Goneral Hospital, Johannesburz,  {Hospital

i Hill Slates)  {Anal. Govi. Lab., fohannesburgd,. ... . ...... ol a3
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far as this study is concerned the chief point of interest in
ock analyses, is the general predominance of CaO over MgO
e low K,0 and Na,O content. The low alkali content of the
¢ tuffs and breccias is to be expected owing to the decomposed
of the matrix of these rocks and their detrital origin. A higher
ontent in the basic lavas might be anticipated in view of the
at labradorite plagioclase felspar is present, but, as afore-
ned, the felspar in these rocks is not fresh and is usually much
As will be shown later, both the CaO : MgO ratio and the
ly low alkali content of these rocks have a bearing on the
ition of the waters derived from them.

UNDERGROUND WATER SUPPLIES.

the Zoetlief series, which is limited in extent and mainly
ed to the Vryburg district and consists, as already mentioned,
ive tough acid (rhyolitic) lavas, the supplies of ground water
poor (about 11,000 gallons per diem) and the percentage of
s very high (about 31 per cent.) according to Du Toit (2, p. 107)
ommurze {3, p. 53).

n the other hand, the Ventersdorp system proper is regarded
xtremely important water-bearing formation.

xcept for a few hills like the Klipriversberg and Suikerboschrand,
ntersdorp basic lavas and the pyroclastic rocks give rise to
ntry, and “run off 7 is consequently very low. This flat
'~ has been extensively drilled, consistently furnishes water at
w depths, and drilling is fairly cheap. Dut Toit (2, p. 108)
hes the following average figures :—

Yield 21,000 gallons per diem at depths of about 7o'-g5’, with
15 per cent. failures.

Du Toit mentions that there are a few boreholes with capacities
r 75,000 gallons per diem.

QuaLiTY OF WATER.

s already stated, the majority of the samples are drawn from
underlain by the basic lavas and volcanic breccias, and to a less
by volcanic tuffs.

7 water samples have been taken from the following districts

Kimberley, Klerksdorp,
Barkly West, Ventersdorp,
Mafeking, Heidelberg,
Bloembhof, - Germiston,
Wolmaransstad, Johannesburg.
Lichtenburg,

he formation therefore has been well covered (Table g).

he concentration of salts is moderately low, averaging about
ts per 10° and is {airly consistent, though, as would be expected
1centration of salts shows a tendency to rise in the more Westerly
, which as already indicated, have a low rainfall. In no case
er, was the concentration of salts very high. (The maximum
parts per 10°%).

lica is never high and expressed in terms of the total salts is
ongistent, averaging 8.5 per cent. Si0,.

lorides are very seldom high even in the more arid westerly
s of the Union. Expressed as a percentage the content is
ent averaging only 7-4 per cent. ClL
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This figure is interesting for in the Western Transvaal and N
Cape Province “‘ outliers ”’ of Dwyka tillite give rise to ““ salt
which contain highly saline waters (brine) in which the chlor -

extremely high, and the culphates high. 9 i 334

Boreholes sunk in the Ventersdorp lavas surrounding the am i
strike fresh water which is relatively free from chlorides and su — !

In fact, in one of the salt pans at Britten there is eve
phenomenon of a number of boreholes sunk in the pan yieldin 430 L oo
brine solutions, while another, but deeper borehole, in the sa ot
yields fresh water. The explanation of course, is that the s o9 102
boreholes are all in Dwyka tillite, while the deeper borehole — 1.g | o2
its water supply from the underlying Ventersdorp lavas. er —

In the author’s opinion the above facts refute the theory Ter?3 ° "_! oo
the salinity of the Dwyka waters is due to windborn salts fr 40 1 246
ocean. f

This matter is discussed however, when dealing with I A
waters. ' —Nii | Ni

Sulphates are nearly always low, and average only 2+6 p _ f_ﬂ ““““““ = e
50, in terms of total solids. k

Fluorides are occasionally found in very small amoun o
generally the Ventersdorp waters yield blanks or mere trace A
highest figure found was only o-5 parts per million. 16 ! 21

In nearly every case calcium exceeds magnesium, the : Bilic —
ratio being 1:0+78. This is not surprising, for as already N
the Ventersdorp rocks show more calcium than magnesium. Nil | Kil
carbonate or bicarbonate is seldom present. Instead there is ge
a small permanent hardness, which averages 4-9 per cent o8 IR
total salts, irg L 30

Now it will be shown in a subsequent section that the o | avon
rising in the amygdaloidal basalts of the Stormberg System are: ala ?
terised by their high sodium carbonate or bicarbonate content. . Under
rocks also contain labradorite and other “ soda ’’ plagioclase f 95

At first sight it is somewhat surprising to find that large n 82 | 76
of waters from the somewhat similar Ventersdorp amygdaloi 1 S
show no soda alkalinity. The writer offers the following explana |

In the Stormberg amygdaloidal lavas, the felsps |
generally fairly fresh so that there is more fresh and $i0, 3'9 | 105
posable material from which the carbonated waters ca Cagt9e | (73)
out the alkalis. (This also applies to the Karroo Do - Y
On the other hand, in the Ventersdorp lavas, we are Mg20'0 | 150
with a very ancient rock system, infinitely older th 46 ' 150
Stormberg basalts, and, as already mentioned, both t i
and the plagioclase felspars in the Ventersdorp I o2
generally highly altered, so that the present alkali Nil | Nil
as shown is low. (Compare the analyses of Ventersd

Tot; 550 | 52+0

given previously with those of the Stormberg lava :
Jater). Another fact is that the vesicles in the Ven Boyy 470 210

lavas are generally filled with quartz or chalcedony" "
Stormberg lavas the vesicles are quite often filled with s
zeolite minerals. - Furthermore some of the Stormber

carry the soda-rich mineral nepheline.

The total scale-forming compounds in the Ventersdo

are very high averaging 74 per cent. CaCO; while the te
hardness compounds, Ca(HCO,), and Mg(HCO,), average
cent. CaCO,. -
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se waters can be classified therefore as carbonate waters
ary hard waters) and the chemical treatment required to
hem suitable for industrial and electrical power production
es 1s discussed under Group C.

may be stated here that the majority of these waters can
d for all domestic purposes, watering live stock, and irrigation

'HE WATERS IN THE DOLOMITE SERIES OF THE
RANSVAAL SYSTEM IN THE TRANSVAAL AND
NORTHERN CAPE PROVINCE.

e Dolomite series is of great economical importance, as it is
t water carrier, and for this reason the author has devoted a
erable amount of study to the waters arising in this formation.

DISTRIBUTION AND RAINFALL.

1e Dolomite series covers large areas in the Western and Central
aal and to a smaller extent in the Eastern Transvaal. It forms
n of a large basin encircling the Bushveld region, and stretches
ear Mafeking in the West to Pilgrims Rest, Sabie and Carolina
East. The North-Western and South-Eastern sections are
cd by coverings of younger rocks. A smaller belt stretches
Potchefstroom to Vereeniging. Large areas of the Northern
namely the Kuruman, Taungs, Barkly West, Herbert and Hay
s are underlain by Dolomite (whilst the limestone beds of the
shury series of the Cape have been correlated with the Dolomite).
nly important towns or villages lying in the Dolomite are
1an, Postmasburg, Griquatown, Campbell, Taungs, Lichtenburg
otgietersrust, but Mafeking and Pretoria derive their water
“from the Dolomite.

he annual rainfall varies from 10’—20” in the Northern Cape,
in the Lichtenburg, Marico, Ventersdorp, Potchefstroom and
iging Districts, to 30"~40" in the Pilgrims Rest and Carolina
ts.

his variation in rainfall (as will be shown later) has a considerable
upon the concentration of dissolved salts, but no effect at all
- composition.

GEOLOGY AND LITHOLOGY.

he Dolomite series lies conformably on the Black Reef series
is too thin, or restricted to be of inferest to this investigation.
olomite series is mainly composed of a series of magnesium
nes generally of a bluish colour, but weathering at the surface
“brownish crust, due to hydrated manganese and iron oxides.
layers are common, particularly in the upper beds. Thin
under the microscope show the dolomite to consist of small
Is of dolomite set in a mass of calcite. In places the Dolomite -
ergone secondary silification.

1e following are some typical analyses of normal dolomite taken
wide area :—
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(1) 10 miles West of Campbell, Kaap Plateau, district Herbert.
C.P. (Analysis by G. H. Stanley).

(2) Quarry near Ottoshoop Station, district ILichtenburg,
Transvaal (Analysis by Hayman’s Laboratory).

) Irene, Pretoria District, Transvaal (Analysis by G. H.
Stanley).

4) 12 nules East of Griquatown, district Herbert, C.P. (Analysis
by G. H. Stanley).

5} Lichtenburg, Transvaal (Analysis by J. Gray).

6) Pretoria, Transvaal (Analysis by J. Gray).

7) Typical specimen of pure Transvaal dolomite in British
Museum (Analysis by G. T. Prior).

8) Outcrop South of Maloney’s Eye, district Krugersdorp,
Transvaal (Analysis by G. W. Bond).

The manganese and iron are present generally as carbonate.)
he composition of the dolomite itself appears to be very consistent
g by the typical analyses (excluding, of course, cherty layers
he dolomite, “ cave limestones ” in caves in the Dolomite series,
alcareous tufa lying on the soil above the dolomite). The ratio
O to MgO is usually very consistent averaging I :0-65.

n drier regions, i.e. Herbert district, the formation is covered
alcareous tufa.

Caves, filled with stalatitic and stalagmitic limestones are common
where in the dolomite.

WATER SUPPLIES.

The dolomite rock is compact and impervious, the porosity
rding to Wybergh (10) varies from o0 per cent. to 0-3 per cent.,
hat, from the water drilling point of view, the dolomite has a
name. Frommurze (3, p. 83) however, has shown that in spite
is bad name, the average results obtained by boring are higher
in any other formation, though the percentage of failures is
rtheless high. This is due to the fact that although the porosity
e rock is low, the abundance of joint and solution channels in
olomite enables great volumes of water to be held in the dolomite,
all the large perennial rivers of the Transvaal have their origin
e over flow of this water, while there are many large permanent
gs.

As in other limestone terrains, the solvent action of rain water
aining a little carbon dioxide gradually dissolves out huge caverns.
success or otherwise of a borehole is thus dependent on whether
ot a solution channel, fissure or cave has been struck.
Frommurze gives the following figures :—

!
i

Average

1 yield Average | Percentage
in galions depth. failures.
per diem. |

éiberg, bprmos Pretoria, Witwatersrand, |

tthern Rustenburg and Westcrn Marico |
£ T - I 21,000

tmiston and Vereeniging Districts......... 30,000 85 1‘ 70
hefstroom, Klerksdorp, Ventersdorp, Lich- !
nburg, Southern Rustenburg and Southern ! |
arico Districts. ... .o o 33,000 | 77 305
urg, Griguatown, Hay, Taungs, Herbert, ;
Aroman, Barkly West Districts..........., 25,000 | 112 23

I
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As reguds the numerous large springs issuing from 4
everywhere, Frommurze states that ihey range from 6,00

13,000,000 gallons per diem. e

QUALITY OF THE WATER,

In view of the importance of this formation as a water
the author has collected and analysed 22 samples of the
waters from over a very wide area of the Transvaal and N

Cape. A list of districts is given below. The results are sh a0

Table 1o0. etho
Except in the case of waters from the more arid regions. o

Northern Cape (Herbert and Barkly West districts) the concen; fo

of dissolved solids is very consistent, round about 20 to 30 1110
per o In the more arid regions, as shown by samples 44
110, the concentration goes up to 75 parts. The average for . :
qamplcs 1s 34-8 parts. Harég

Silica is always low and averages only 65 per cent. (as $
the total solids and never exceeds 105 per cent.

The pH. is also very consistent and has the high averag
of 7-8 per cent. Infact the Dolomite series is one of the few form
which yields water with a consistent pH. value.

Sulphates, mainly in the form of calcium sulphate, are
present but in exceedingly small amounts averaging only 1-6 pe
S5O, in terms of the total solids, _

Fluorides are almost entirely absent, only occasional trace Nityi
observed. This, of course, is not surprising for the Dolomite
not normally contain fluorite except in veins in the Dolomi tiog
Ottoshoop, Western Transvaal, associated with lead and zinc d

The chloride content is consistently low, averaging only
cent. Cl. of total solids.

Sodium carbonate or bicarbonate is very rare, being fo
only one of the samples examined. Instead there is nearly al
very small permanent hardness which, however, only average
cent. of the total solids. On an average 91 per cent. of the di e
salts consist of scale-forming compounds of which 87 per ce
bicarbonates of calcium and magnesium ; thus these are esst
‘ temporary hard waters ”. No other formation has yielded:
found with such high percentages of calcium and magnesium
bonates.

Frommurze (3, p. 77) appears to infer that rain water, e
with carbon dixode gas, tends to dissolve the lime in prefere :
magnesium from the dolomite, but that such is not the case _
from the following reasoning. ——

In the parent dolomite rock the average ratio CaO : MgO o
by the 8 typical analyses given previously, is 1 : 0-63. Now I
all the water samples there is very slightly less MgO than C
in a few cases there is actually more. The average ratio of
MgO is 1:0-94. So that, although there is a good deal mo
than MgO in the parent rock, the amounts present in th

derived therefrom are nearly equivalent in amount. When," : e

more than a certain amount of carbon dioxide is lost, then
tends to be deposited from the water in nearly pure cond
shown by the analyses of calcareous tufa (page 13), the ma
bicarbonate remaining in solution. :

20

Samp.
No.

217

215

214

213

102

226

231

364

372

109

1i¢

41€

428



1o.—DOLOMITE SERTES—TRANSVAAL SYSTEM.
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TABLE No. 10.—DOLOMITE SERIES-TRANSVAAL SYSTEM.
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DESCRIPTION OF SAMPLES iX TABLE No.

4.
EEE i { ‘ o
Sal\x;nol‘)lc District and Province. : Bs;;léﬁl.c i Locality, Description and Remarks. } Date
Feet. 3
217 Heidelberg, Transvaal.. ... ... PN ‘- — Borehole, = miles East of Glenroy on Main Road, Heidelberg—
Tohannesbusg. . ... i e | 15/ 9/4%
213 Heidelberg Trangvaakh ..o L [il] Borchole on johannesburg—Hmdclbm-g Main Road, 15 miles 1
Seuth-East of Jobannesburg............ I 18/ 5i40
o Heidelberg, Transvaal.. ...t m 75 Borehole on Viakplaats, 313, 1o miles South-East of Germiston.. @ 18/ 3/40
Germiston, Transvaal... ... .ol S0 Borehole at ** Barn Tea Room,” 8 miles.South-East of Johannes- ’
15/ 9/40
- 1ah Johanrnesburg, Transvaal.... .. ....... s = 21/ 8/z0
o 15z Maleking, Cape Province................. Wﬁ - Spring water from Grosotfontein, East of Mafoeking. ... ....... 12/ 6/40
73 Kuroman, Bechuanaland................... Borehole, Kuruman FPower Station e 19/ 1/39
56 Pretoria, Transvaal, .. ..... P, e — Borchole at Pingdene, § miles Sonth of Pmtori:‘x“ ......... . 26/ 6/38
- o2 Protoria, Trapsvanal... ..ol 100 Borehole, ¥ mile South of Yrene, on Main Reaé to Johannesburg. . z/10/39
36 Lichtenburg, Transvaal.... ... ... ... — Spring, 1} miles East of Lichtecburg......... ..ol z0/ §/40
220 Hrugersdorp, Transvazl,, ..... P ' — Spring at Maloney's Eye (contact with Pretoria Series)... . , {10/ 4/a0
38 Krugersdorp, Transvaal.., . ... .... P e Berchole at Zourbekom. (Anzl. Rand Water Board}.......... -
231 Pretoria, Transvazal....... [, — Spring at Fountains {contact with Pretoria Series)............ l 24/ 1/40
364 Ventersdorp, Transvaaloo...... . o oo, | e v- Berehele on Zwartplaat, 5. 6 miles Norlh of Ventersdorp,...... 5‘ J;:)l‘;%
i i
1
- 372 Kicrksdorp, Tramsvaal, ... ... ... ... ... e Borchole near Kockemoer Station, 1o miles North-East of Klerks- June,
LT - P [P 1040
100 -E:_xpc ProviNgS. . o vuv e nennn —_ Well ont farm * Tweefontein,” Kaap Plateau, near Campbell. ... —.1,"xo,ﬂ'39
1o Herbert, Cape Province............ ..., ’ — Spring on farm ** Tweefontein,” Kaap Platean, near Campbell.. | 23/10/39
410 Vereenigivg, ’I‘rmlsvaaoi“ ................... — Borehole, 4 miles South-Fast of Lialeside, mear Vetceniging., 19/ ¥/41
——.;25 ~7.ccr“s.t. Transvaok ool - - Borehole at CGttoshoop. (Dr. Ockerse's Report Aral. D3
TG40 PR P e, 13/ g/41
o 44 Barkly West, Cape DProvince ; Well on farm " Howdfentein,” near Gaap Siding. (J\‘H'll Jax. Sept.,
H L 1G4)

i 454 l’gtgictcrsrust, ’I;:msvaal ...... e — Spring, 4 miles North-West of Potgiotersrast........ .. PP 23,/20/41
G0 1 Potgictersrust, Transvaal., ., ... e : 160 | Borehole on farm “ Twin Valley Estate,” Neorth of Zebedicla. . i 3 7lao
168 Hay, Cape Province...... ... .o § —_— : Borchole al Kapstewel, AL 83, Postmasburg. ... oo.n 1‘ _3,1"11/4?
474 Marxico, ’i‘rans\;aal. i w!
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dolomitic waters, strangely enough, are very similar to those
orary hard waters” derived from the Ventersdorp lavas
ed previously, except that in the case of the latter, the total
rming salts average only 72-5 per cent. while chlorides and
ire slightly higher. It is also somewhat similar to the waters
he basic zone of the Bushveld igneous complex already described,
e latter waters are easily distinguished by the high silica content
eponderance of magnesium bicarbonate.

‘he dolomitic water is particularly amenable to chemical correc-
the treatment and limitations of use are dealt with fully under
rbonate Water Group C.

may be stated here that these waters are satisfactory for all
ic purposes (though the untreated dolomite water may cause
ion of scale in pipe lines and hot water systems), watering live
nd irrigation.

e waters from the Dolomite series are perhaps the most
tent in composition of all examined. This is not altogether
ected, for not only does the parent rock vary but little in com-
on, but there are no soluble or partly soluble salts to be leached
solution of the calcium and magnesium salts is only achieved
the solvent action of carbonated water on the crystalline
; and MgCO,,

he Dolomite series is generally regarded as being of marine
The calcareous deposits were supposed to have been formed
open sea, away from land, but at no great depths.

. B. Young (42) has reported the occurrence of stromatolitic
al limestones in the Dolomite, but he points out that algae
h in both fresh and salt water, and in cold or warm climates.
the presence of algal limestone deposits do not constitute direct
of any of such conditions.

n Table 10 it has been shown that both the chloride and sulphate
1t of all the dolomitic waters is extremely low (Cl. 4-9 per cent.
tal solids SO, = 1-56 per cent.).

Vhen the percentage composition of these waters is compared
hat of sea water, as illustrated in Table 27, (page 157), it would
pear at first sight that the constitution of the dolomitic waters
rts the theory that the Dolomite is of marine origin,

must be remembered, however, that the texture of limestones
» consolidation) is of such a nature that the limestone heds
hardly be expected to retain connate sea water, apart from
ct that a considerable period of time has elapsed since the
ion of the Dolomite, which is believed to be of pre-Cambrian age.

herefore no evidence can be deduced from the composition of
ound water arising in the Dolomite in support or otherwise of
arine theory of the origin of the Dolomite.

owever, as will be discussed on page 47, theré appears reason
ubting, from geo-chemical evidence, whether the Pretoria series
follows conformably on the Dolomite, is of marine origin.
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XII—WATERS IN THE PRETORIA SERIES OF TH
TRANSVAAL SYSTEM.

Unp

According to the
this series, as a whole, 7
erenmal rivers such

e in this formation
he quartzite ridges an
n these regions, thou
the shales and quartz
In the quartzite z
er diem at depths of
per cent. In the s
gallons at depths of 51
the thermal metamorp
into the shales and, to
are changed into hard
but the chemical natu

Fromrhurze mentt
base of the series yiel
2 feet, on average.

Frommurze also

lls are often in a soi
act as sponges, being
from 21,000—36,000 ga

The author has not been able to obtain samples from the ¢
lents of this series in the Kuruman, Barkly West and Prieska &
of the Northern Cape or the Namagqualand and Van Rhy
districts of the Western Cape. Therefore the study has been co
to that portion of the Union where by far the major part:
Pretoria series outcrops, namely the Central, Western and E
Transvaal. :

DISTRIBUTION AND RAINFALL.

The main outcrop of the Pretoria beds in the Transvaal i
the rim of a great basin stretching almost uninterruptedly fro
Marico district in the West to the Lydenburg-Carolina distri
the East. In the Potchefstroom district there is a smaller belt str
from Potchefstroom to Vereeniging.

The annual rainfall in the regions underlain by rocks of
Pretoria series varies from 20"-25" in the Marico district, to
in the Central districts and 25"—40" in the Lydenburg and C
districts.

GEOLOGY AND LITHOLOGY.

Geologically the series has been divided into three, nam
Timeball Hill, Daspoort and Magaliesberg, in order of successi
a large sheet of contemporaneous andesitic lavas in the lower
of the series. For the purpose of this study, however, the autl
regarded the series as divided into a number of units made up
or other of two contrasted lithological types namely — '

As previously me
ries are composed en
ence it would be a
ould be very pure in
uthor from bhorehole :
this is the case. In i
i om the mountain st
lith the exception of t
nd in the W aterberg &
! the Union approxir
eds.
- The concentration
Pring water is consist
nly 7.0 parts per 10
Az would be anti
ases, the pH. is on 1
Chlorides show a.
7 per cent. n tern
Sulphates are pres
Sodium carbonate
tead there is nearl
Tages 13 per cent.

- Total scale-formin
Which 40 per cent.
Mmagnesium bicart
agnesium salts a
tio of Ca0 to W

(@) Quartzite Zones."
{b) Shale Zones.

The shale, and to a far less extent, the quartzite zoneé
been intruded by numerous sheets and dykes of basic igneous
genetically related to the *° Bushveld Igneous Complex ”.

The grayish-white quartzites of the Pretoria series hav
described as consisting of grains of quartz cemented by se
silica, and are generally of a looser-texture than those of th
watersrand beds. Some outcrops contain much iron oxide in
of magnetite and hacmatite. No reference is made in. the lit
to the presence of appreciable felspars, so that the norma
metamorphosed) quartzites may be regarded as non-felspath
point which as will be shown later has an important bearin
the great purity of water derived from a quartzite zone.

The shales are very fine grained soft rocks, varying consid
in colour. In places they pass into slates or flagstones. Furt
at their ontact with igneous intrusions these shales have been
and metamorphosed into various types of hard schists (the g
being far less affected). The intrusive sills and dykes are all
type (diabases). As will be seen later, these intrusive rocks cons
modify the waters in the Pretoria shale beds near the point ©
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UNDERGROUND WATER SUPPLIES.

cording to the investigations of Frommurze (3, pp. 05~105)
, ories, as a whole, may be regarded as a very good aquifer. Several
il:}cplesdh]‘?m the equiy ial rivers such as the Marico, Crocodile and Pienaars Rivers
st and Prieska distric this formation. Numerous springs issue from dip slopes of
artzite ridges and hills and from the principal source of supply
e regions, though there are also numerous boreholes in both
ales and quartzites.
n the quartzite zones the yield on an average is 16,000 gallons
7em at depths of 8o-112 feet, the percentage of failures being
+ cent. In the shale zones, the average yield is 12,000 to 40,000
s at depths of 5T to 116 feet, but the yield is much affected by
hermal metamorphism, caused in places by the igneous intrurions
he shales and, to a far less extent, the quartzites. The soft shales
sanged into hard schists and this has modified not only the yield
e chemical nature of the water. _ :
Tromrmurze mentions that the contemporaneous lava sheet at the
f the series yields 17,000 to 36,000 gallons per diem at 27 to
, On average.
Frommurze also refers to the fact that the intrusive diabase
are often in a soft, friable, and decomposed condition and thus
s sponges, being {ull of underground water. These sills yield
1,000-36,000 gallons daily at 83 to ¢3 feet on an average.

SERIES OF THE

study has been confingg
~ the major part of the
I, Western and Eastep,

"ALL,

1 the Transvaal ic roypq:
ninterruptedly from the
wrg~Carolina districts
a smaller belt siretching

eﬂain by rocks of the:
rico district, to 25"-3¢"
ydenburg and Caroling
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into three, namely th
order of succession, an
as in the lower portion
wwever, the author ha
f units made up of one
namely (—

QuALITY OF THE WATER.

(i) Quartzite Zones.

s previously mentioned the normal quartzites of the Pretoria
are composed entirely of quartz grains with a quartzitic cement.
e it would be anticipated that the waters derived therefrom

be very pure in quality. Analyses of 14 waters made by the
v from borehole and springs, taken over a wide area, show that
5 the case. In fact the purity of the waters, particularly those
he mountain streams, offen approaches that of distilled water.
he exception of the waters rising in the Witwatersrand quartzites
n the Waterberg Sandstones, no other underground water supplies
e Union approximate in purity those in the Pretoria quartzite

quartzite zones, have
of basic igneous rocks,
Complex .

toria series have been
emented by secondary
han those of the Wit-
. iron oxide in the form
made in the literature;
that the normal non-
as non-felspathic; a
aportant bearing upon
rtzite zone.

he concentration of dissolved salts both in borehole and mountain
water is consistently low and averages, as shown in Table 11,
-0 parts per I0%

« would be anticipated in waters with such small amounts of
the pH. is on the low side averaging 6-9.

lorides show a good deal of variation but on average are about
er cent. in terms of total solids.

ulphates are present only in traces or m very ¢rmall amount.
dium carbonate or bicarbonate was found in only one sample.
d there is nearly always a small permanent hardness, which
es 13 per cent. of the total dissolved solids.

otal scale-forming salts amount on an average to 54 per cent.
c¢h 40 per cent. are the temporary hardness-forming calcium
magnesium bicarbonates,

agnesium salts are nearly always present in excess over calcium,
tio of CaO to MgO being 1 :1-86.

i, varying considerabl
.gstones, IFurthermor
es have been ““ baked
schists (the quartzite
| dykes are all of basic.
sive rocks considerably.
it the point of contact
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The collodal silica content is very consistent, and, as woul
expected from a water derived from such siliceous rocks, is relat
high, averaging 16-3 per cent. of the total solids. ,

Fluorides were not found in any sample tested. ‘ e

The waters in the quartzite zones of the Pretoria seri '

Sample Ny 24°
allocated to the pure water Group E, and the utilisation of i —
waters is dealt with under that Group. 7

It may be stated here that these waters are iminently su Parts |
for all domestic purposes, watering livestock and irrigation, . g ]f 6.6
their great purity renders them suitable for almost every indus Total Sty |~
purpose with little or no treatment. Methyl Of  3'4 1
‘ (i) Shale Zones. Total Har ~ 4°9 |
These waters, unlike those of the quartzite zones, show a Perma,nén*g 0-6 N
siderable variation in concentration, but on the average yield T 34
with the fairly low concentration of 24 parts per 10°% (see Tabl Temporan —
This 1s very low for shale waters. Both the concentration Hardness °5 |
composition of the dissolved salts are apparently largely influ Hardness | 3°5
by the presence or absence of igneous sills and dykes. These ig e :
intrusions are not always observable from surface indications, Soda Alks N}
cases where such bodies were discernable, they have been ind ‘
in Table 12. Par
The pH. value varies considerably but is generaﬂy fairly Silica. (a5 or
averaging -8 per cent. e e
Soda alkalinity is sometimes present but generally in very Fluorides | Nil |
amounts (where high the presence of intrusive basic igneous Nitrites. .| Nil
may be suspected). A small permanent hardness is sometimes pr R
Sulphates are present as a rule, in little more than traces, t Nitrates (j  ©'%4 |
occasional boreholes show a high SO, figure. Chlorides 06
Chlorides show some variation but the percentage is ver 1
at 8-3 per cent. : Sulphates) 93 |
The CaO is generally slightly less than the MgO, the ratio.
1:1-17. The percentage of CaO is double that of the waters i Potassium| Trace
quartzite zones. pH. Value 6-8
Fluorides have not been detected in more than traces. =
The silica content shows some variation, but as would be 2 Po {
pated, is less than that of the quartzite waters, averaging II° ' m{ B
cent. on total solids. Si0,. .. ... | 106 1
In most cases the Pretoria shales yield a fairly pure water: Ca0.... 1 425
shows some variation both in composition and concentration —
being due, as previously stated, to the effect of i igneous intrusion Mgo. ... 21004
to a less extent to climatological factors. Even in the worst cas ol g1
waters may be regarded ac moderately hard and non-saline, very e : —
in most respects to the waters from the Ventersdorp cystem, t! L 45 |
containing as a rule, a smaller concentration of mineral salte Soda Alkd  Nil
These waters have been classified under the carbonate: Tem e 1
Group C {temporary hard) though some of the waters may appro w{ —
to other Groups. The technological utilisation and corrective cl Permanen, ~ 9°1
treatment of these waters is dealt with under that group, but . Tomomsl st5 |
be stated here that these waters are suitable for all domestic pu mporar;
watering livestock and irrigation. Ratio Cag¢ 1@ 570

In the previous section it was stated that for various reasg
Dolomite is generally regarded as being of marine origin b
the presence of algal limestones are not necessarily a proof of
origin.
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e collodal silica content is very consistent, and, as
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i | ! i ] | i i
“Sample Numbors.......... ... .. Lo b 108 403 46 219 228 E i
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Trace Trace Trace
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DESC compare the percentage composition
B  DESCRIPTION OF SAMPLES IN TABLE No. 11 <haley and quartzitic zones of the Pr
Sample | ; e : ter (Lable 27, page 157), the most stx
| Brcly low chloride and suiphate content

us rocks, as i well known, tend 1

s . | ;
District and Province. | Borchole &

Ne
Depth. | Locality, Description and Remarks. Dat
. ale 3 .
o Carolina, Transeast. ... Foot, i E el mote readily than do arenaceous IC
- B d e e 2. | Spring at Carolina.. ¢ capacity of the clayey material, anc
219 crocniging, Transvasl... ... T — S 3/ 1739 Mperviousiness of clays, any contai
28 Toragertorn orchole, 4 miles East of Evaton. be readily leached out of the rocks.
& P S B sy e e e 16/
| hmpersduEp RTAMSERAL. e - et 9/4t
— Spring at St o Missi 3
232 Withs ™ N . James Mission, Magalicsburg. . . .
thank, Transvaal.....ovee.veen e, - = galiesburg... ... e 1x/30/40 example argillaceous geological rocl
- P — - archole at Dryden, Bast of Delmas sy d series, Cretaceons system, and the M:
i amswvaak L.l 23/11/40 i er evi e
...... 50 Well on * Onbelend ™ . sontological or other evidence are defi
3% Tydenbs ¥ - eien 226, North-East of Benoni i A
ydenburg, Transvaal.............. T — P - enoni. ... Fag/it/go tnarine origin, or else have suffered mar
- -:gsﬁ;gmr:‘s‘k 5t of Holvetia Noord, 14 miles Sonth-Fast of ation yicld, as will be shown subse
s . P £ T N - P 3 T3
- 35 Lydenbuarg, FIanseanl. creoeeneoson o, — — . 24/11/40 simpilar in percentage composition th
403 Lydenburg. Transvaal Spring at Schoemanskloof.. ... oL e Y fration to that of sea water.
------------ — Monntain spring at Wat AL, :
240 Belfas ptn spring at Waterval Onder........... B : H
ast, Transvaal,............ e —— Bowchole in Beifast — 18 T/ s fros the cvidence COHCCtEG n Tabl
¢ in Beifast. i 3 [ori
320 Fromatprit, Trns Borehole in Beifast..o.. ..ol e that the sediments ©of the Pretoria =
. Transvan T R e o oo L TN 24/51 /450 : : F
e 100 B - - :
34 Peetoria, Transvaal orehole in Doornkranl 134 noar Premier Mine.... .. Wore rot Jaid down in salt but in f:
. svazl, o _ B : N R T P2t Be argucd that after such an crnorms
472 P ———— orehole in Bdendale, 3 miles West of Premier Minc.... *5’; /4% Ssition of these sediments in the pre-Ca
..................... — Wl P N N - - a
373 rerageredor, Transen] cil on Waterkianf 4. § miles South of Rustenburg... N onnate 62 salts W(}}Jid ha.‘\'c been lea
svanl 150 Rorchol - = 1742 + does not agrec with this argument
PP S ——— hole on farm Taalfontein 105, 8 miles East of Cyferbult Siding | 10/ 6/az iable leaching in the shaley beds, o
pvaal. .. e - f ' N 5 . = g &4
Mo lain sprivg ot St Petracks farm near Fuslonburg o gher clorile and sulphate content.
. LEERREERE 1/10/30

¢ Pretoria beds follow conformably ov
e, if it be conceded that the former wt
A 'be necessary to aceept the theory U
H water origin, for otherwise it would
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we compare the percentage composition of these waters both
e shaley and quartzitic zones of the Pretoria series with that
water (Table 27, page 134), the most striking difference is the
ly low chloride and sulphate content of the former. Now
ceous rocks, as is well known, tend to retain connate sea
uch more readily than do arenaceous rocks, owing to the high
ive capacity of the clayey material, and further, owing to the
d imperviousness of clays, any contained or adsorbed salts
ot be readily leached out of the rocks.

or example argillaceous geological rock formations like the
veld series, Cretaceous system, and the Malmesbury series, which
slaeontological or other evidence are definitely proved to have
f marine origin, or else have suffered marine ftransgression after
idation yield, as will be shown subsequently, highly saline
, similar in percentage composition though not of course, in
tration to that of sea water.

hus from the evidence collected in Tables 11 and 12, it would
ar that the sediments of the Pretoria series of the Transvaal
were not laid down in salt but in fresh water. Of course,
ht be argued that after such an ernormous period of time since
position of these sediments in the pre-Cambrian times that most
e connate sea salts would have been leached out. The author,
ver, does not agree with this argument for, even allowing for
derable leaching in the shaley beds, one would still expect a
higher cloride and sulphate content.

he Pretoria beds follow conformably on the Dolomite series and
fore, if it be conceded that the former were of fresh water origin,
uld be necessary to accept the theory that the Dolomite is also
sh water origin, for otherwise it would be difficult to account
sudden change from salt to fresh water characteristics.

he very great thickness of the Dolomite is rather against a
rine origin, though, as aforementioned, it is possible for algal
ones to accumulate in fresh water. It is suggested therefore,
some diffidence, that either the whole of the Transvaal system
fresh water origin, or alternatively, that the seas of that period
far less saline than the present oceans.

larke (43, pp. I25-130) has shown that for the past 1oo years
st, the chemical composition and concentration of the open
s has been practically constant, but from the work of Joly and

there is some support for the theory that the pre-Cambrian
s were not nearly as saline as those of the present day.
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XI1IL.-THE WATERS OF THE MALMESBURY SER
SOUTH-WESTERN CAPE.

Though of limited extent compared with other formati

e T

: : : : . ; : Sample Numb| 377
series 1s of no little importance from the point of view of water Swmple
since the area occupied by the Malme,bury series is compa §
well populated (by Union standards) and furthermore a po Parts Cal
the wheat producing area of the Cape is located on this form; .
: : Total Solids (. 15'5
Methyl Orang | 120
DISTRIBUTION AND RAINFALL. Total Hardne: 0.8
Appearing from beneath the Table Mountain sandstone it Permanent He Nil
low-lying areas in the Van Rhynsdorp, Piquetberg, Malmesbur T T too8
Stellenbosch and Somerset districts, while inliers brought emporary Hi
faulting or folding are found in the Worcester, Bredasd Hardaness due 4°5
Swellendam districts. The main occurrence however, and the ,
; .. Hardness due 6-3
which the majority of the samples have been taken, stretch
Piquetberg to the Cape Peninsula and eastward to Paarl and § Soda Alkalinif 12
West. |
In the Cape Peninsula, Wynberg, Belville, Stellenbo Farts p
Somerset West districts the annual rainfall is 20"-30", and i Silica (as SiO, 14
has the benefit of the run off from the higher rainfall mounta Fluorides (as Nil
in this neighbourhood.
. . . : Nitrites....... Nil
In the Malmesbury and Paarl districts the annual rainfall: : _
10"—20" ; on the other hand the annual rainfall in the Van Rh Nitrages (as I} 0
district is only 5" to 15" Chlorides (a6 ¢ L
Sulphates (as 0r¢
GEOLOGY AND LITHOLOGY. Under
. . ) . Potassium Sal 0!
This series has been tentatively correlated with the | ;
series in the North. It consists mainly of highly tilted phylli pH. Values. .. 8!
or flaggy rocks with some beds of limestone, In the main are
to above, argillaceous beds predominate. The slates are clos Percentag
finely laminated rocks. Under the microscope they are seen 1 Si0,. ... ... g-¢
of minute grains of quartz, particles of clayey matter, wi — S
micaceous scales. No fossils have been found. Ca0. 106
The intrusion of the *“ Cape Granite ” into the Malmesbury MgO......... 1
has resulted in intense contact metamorphism in places &t & 8-.
produced considerable mineralogical changes. In places t o "
have been converted into phyllites or into mica, sericite, ottr A
andalusite schists. Soda Alkalint: 8
The strata are generally well concealed by a clayey s0 Total Hardne: | 69
recent sand deposits. In places the rock mass itself has been Permemont He Ni
into white, yellow or brown sandy material to a depth as —_—
150, With reference to this very deep weathering Du Toit (2) Temporary Ha | 69
the fact that the water supply from boreholes therein is O Ratio CaO : 1 | 1 : 1

[ooN—

—

turbid, as it is often impossible to keep the fine clay out of the

No analyses of Malmesbury shales or slates appear in the :

The following is an analysis made by the author,
Malmesbury slate, from near Somerset West :(—
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THE MALMESBURY SER
STERN CAPE.

TABLE No. 12—PRETORIA SERIES {SHALE ZONE), TRANSVAAL SYSTEM.

79
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DESCRIPTION OF SAMPLES IN TABLE XNo. rz.

H

Samplo . i
Nn}? i District and Province. i Borehole ) .
Depth. Locality, Description and Remarks. Date.

TFeet.

2y Marico, W, T ;
0, Western Transvaal..o......oo.. 0o —_ Borehole in Zeerust.  {Shaie Zonc.), Br/11/30
451 Marico, Western Trans )
Tansvaal,, . ... .. PO — Borelole on leinfontein 76, West of Marico.. . ........... 3/11/41

220 Verceniging, Lransvaal

e I g Bor¢hole on Docrnkuil 201, 13 miles North of Vereeniging. ... ... 16/ g/40
retoria, Transvaal........... .

............ Borehole in Sitverton, East of Pretoriae-........ 15/ 1 /41
RN /

8/ 5/4x

358

Preteria, Transvaal, .
................... Torchole at Donkerhock 178, between Erasmus and Silverton. ...

Ca0 : MgO =1:4°5.

374 Rustenbury, Transvaal...
= B —_ Borehole at Cyferbuit Siding, East of Derby.................. 10/ Gl4x hlori tent i able, i
0 ustenburg, Western Transvaal - orine content is appreciable, i s
: 2 ransvaal .ov.enn ... — Borchol : : s i is is th
375 Rustenbury, Weste orchole in Koster. (Dr. Ockerse’s report Amal. Div. C53.. .. 1940 feature of this analysis is the pro
. Western Transvaal............. T50 Borehole, 3 miles South of Derby, on Townlands.............. 1o/ 6/ax
i UNDERGROUND WATER 5

3760 Potchelstroom, Western Transvaal. ..,

...... — Forchole,  Mimosa Inn,” Kaalplaats 150, 17 miles Nerth o

Potehefstroom (near Dyl K X
o Pt ¢ { yke outerop).. ... .. ... U R LY T7% mnrze {3} gives the following fig
o E— — _[ svaal. ...l 20 Borehole at Kraalkop 5. 35 miles North-East of Petchefstroom. . | 10/ 6/41 Vicld
rersdorp, Western Transvaal. ... .

[ o Transvaal. ... ... —_ Borehole at Watcrshed Station, 5 miies West of Magaliesburg.. | o/12/40 GaI-i’;_.n

per D

300 Wrugersdorp, Westorn Transvaal. ... ...,

e — Borehole at Viakdrift Siding, 7 miles South-West of Magaiiesburg | o/12/40 pe Town, Wynberg and

507 l Lydenburg, Eastern Tratsvaal.............. — Borehole in Ohrigstad.  {Anal. Govt. LabJo.....o..ooiuehs 1921 Somersel West.ooonoo o 22,00
139 Lydesburg, Eastern Transvaal...... — Well in Lydonburs - Afslmesbury and Paarl dis-

FUCTDURT. - .. R meaermtaaca sy 8/ 1/40 tricts,...... _____________ II.()(

\n Rbvnsdorp............ 280

n the purely limestone beds Fron
hich arc more or less in line wi
the North -
37,200 gallon: per dicw al an av
QuaLITY oF THE W.
Fable No. 13, the author has given
ole water from the Malmesbury,
West, Tulbagh and Cape Town
¢ chiel characteristic of the waters
s is their high salinily. The conc
s very high averaging 172 parts pc
s are the Newlands, Albion and
ue from the Mahmesbury beds s
wn {Frommurze 38, p. 09), but me
rom the overlying sandstones of
pH. appears to vary somoewhat
waters are extraordinarily consist
the main constituents are expre
¢ salts.
s the case in all saline waters
g only z-4 per cent.
re is not much data as regards flo
v the anthor a content of about



Per cent.

Moisture............. ... e 0-57
8,0, .00 e e . 63-88
ALO, . Fe,0,. TiO,........ ... e 3440
MnO. . trace
CaO. . 0-I0
MgO. o 0-48
Na,0.K,O (by diff)................ ... ..., 0-26
........................................ 031
10000

atio Ca0: MgO == 1 : 4-8.

e chlorine content is appreciable, in spite of leaching. Another
sting feature of this analysis is the predominance of magnesium
alcium.

: UNDERGROUND WATER SUPPLIES.

rommurze (3) gives the following figures :(—

Yield in
Gallons  Depth wn  Per cent.
_ per Diem.  Feet. Falures.
‘Cape Town, Wynberg and
Somerset West........... 22,000 117 20
~Malmesbury and Paarl dis-
tricts.................... 11,600 112 30
Van Rhynsdorp............ 28,000 152 7

rom the purely limestone beds Frommurze gives the following
- which are more or less in line with those for the Dolomite
in the North —

- 37,200 gallons per diem at an average depth of 124 it.

QuarLITY OF THE WATER.

n Table No. 13, the author has given the analyses of 12 samples
rehole water from the Malmesbury, Piquetberg, Stellenbosch,
set West, Tulbagh and Cape Town districts.

he chief characteristic of the waters in the Malmesbury shales
ates is their high salinity. The concentration of salt varies but
ays very high averaging 172 parts per 105 Apparently the only
ions are the Newlands, Albion and Kommetje springs, all of
issue from the Malmesbury beds near the Newlands suburb,
Town (Frommurze 58, p. 69), but most of this water is no doubt
d from the overlying sandstones of the Table Mountain series.
he pH. appears to vary somewhat, but insufficient data are

he waters are extraordinarily consistent in composition as shown
‘the main constituents are expressed as percentage of the
ed salts. '

s is the case in all saline waters, silica is consistently low,
ing only 2.4 per cent.

here is not much data as regards fluorides, but in 2 or 3 samples
by the author a content of about o-5 parts per million have
ound.
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The chief characteristic of these waters is the exceedin;
chloride content which in terms of the total salts averages 42,
Cl. and the appreciable sulphate content which averages 5 pe
50, Both the chloride and sulphate are very consistent.

Na,CO; or NaHCO; was found in only one sample,
there is nearly always an appreciable permanent hardness a
11:6 per cent. (as CaCO,).

Ca(HCO,), and Mg(HCO,), are relatively very low averag
{as CaCOy,).

The total scale-forming salts therefore only average 24
of the total solids, so that these waters may be regarded p
as corrosive waters, on account of the high magnesium and
chloride content.

The percentage of calcium and magnesium is remarkabl
sistent, averaging 4-4 per cent. and 6-5 per cent., giving a.
Ca0: MgO of 1:1-5. Samples taken from calcareous zones
Piquetberg (though not actually from the limestones) will na
show a higher proportion of lime and magnesium, as shown in
No. 133, Table No. 13.

The waters in the Malmesbury series are allocated to th
mineralised chloride-sulphate Group A. of waters, and the
ability of these waters for technological use is dealt with un
group, but it may be mentioned here that the exceedingly high
content renders them very difficult to treat for industrial pi
in fact some of them are unusable.

Some of these waters are too saline to drink, though most
are used when no other water is available. They are not tc
for livestock watering and are suitable for irrigation provi
soils are well drained and situated in regions of good rainf

If we compare the percentage composition of the Mal
waters with those of sea water as set out in Table 27, the si
is striking, particularly as regards the high chloride and .
content, the comparatively low hardness, the relatively high p
hardness and the high proportion of magnesium salts and sod

Further
the same as
Na > Mg > Ca.

Since the Malmesbury beds are predominantly arglllac
the districts concerned are areas of somewhat limited rainfall,
that these clayey rocks would tend to retain, to a certal
any sea water percolating through them, and prevent tI
being thoroughly leached out.

,- the relation between the constitpents is neaf:
m oceanic water, namely, Cl > SO, >

On certain geological evidence (Du Toit, 2, pp. IX5+
supposed that in a fairly recent geologmal period the
inundation by the sea of the coastal plains of the South
Cape. The chemical evidence, as set out by the author in
strongly supports this theory.
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© THE WATERS IN THE WA
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V.—THE WATERS IN THE WATERBERG SYSTEM.
though the Waterberg system occupies extensive tracts of
country in the North-Western and Central Transvaal and in
utpansberg, it 1s not of any economic importance at present
arge part of the country occupied by Waterberg rocks, especially
Waterberg district, is still fairly wild and sparsely populated.
DISTRIBUTION AND RAINFALL.
the Northern Transvaal rocks of this system cover lagre areas
e Waterberg, Potgietersrust and Zoutpansberg districts, the
st exposures being in the Waterberg district. The only centre
y importance in the latter district is Nylstroom.
the Zoutpansberg occurrence, the only centre is Louis Trichardt,
. however, is located on granite near the margin of the Waterberg
tones, from which it derives its water supplies.
n the central Transvaal, the occurrence is far smaller in extent,
ying only a small portion of the Middelburg and Pretoria districts.
elburg is the only centre of importance.
very small occurrence of Waterberg rock is also found in the
rern Cape, where it is known as the  Matsap " series. However,
occurrence is far too limited to be of interest in this study.
he Waterberg district is fairly well watered, the average annual
1l being 20"-25" except in the North-West where it is much
- In the Zoutpansberg the average annual rainfall falling on
aterberg rocks is h1gher at about 30"-35". In the Middelburg
ct it is about 25"-30" per annum,
GEOLOGY AND LITHOLOGY.
‘he rocks of the Transvaal Waterberg are predominantly
ceous. Red, purplish or chocolate-brown quartzites and quart-
sandstones predominate with a few coarse conglomerate beds.
s are rare. The colour of these rocks is very strking, In the
ansberg district basic amygdaloidal basalts are found at the
of the sediments, in the vicinity of Louis Trichardt, but they
small extent. -
here is not much in the literature as regards the mineralogical
osition of the Waterberg sandstones, but these are apparently
ded as quartzitic and ferruginous rather than {elspathic, an
tant point when considering the waters arising in these sand-

he author has prepared and microscopically examined thin
ns from several specimens of Waterberg sandstone from different
ties but found in every case that the grains were almost entirely
osed of quartz, with a ferruginous cement or matrix between
rains ; no felspar was observed,

he Waterberg system is not fossiliferous, but latterly many
gists, notably Du Toit, are inclined to regard these rocks as of
ape and either of late pre-Cambrian or early Paloezoic age.
UNDERGROUND WATER SUPPLIES.

u Toit (2, pp. 119, 133) states that the Waterberg sandstones
e rugged and fairly well watered area North of Nylstroom have
d only 14 per cent. of failures and an average of 12,000 gallons
tem, at a mean depth of 175 ft. though drilling has proved
¢ in the sand covered flats of the North Western Waterberg.
he Middelburg area Du Toit gives the following : “ 26,800 gallons
tem at a depth of 104 ft. Boreholes are, however, few and far
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QuaLiTy oF THE WATER.

Since the greater part of the country occupied by W
sandstones consists of wild, rugged and sparsely populated c
it was found very difficult to obtain samples of either spring or
water. The author is therefore greatly indebted to Dr. Ocke
- the Department of Public Health, for the use of four analyses cg
by him in the course of his investigations into the prevalence of e
dental fluorosis in the Northern Transvaal.

- Tne analyses of six samples are given in Table 14 (2). W
exception of Sample 546, all these waters are remarkably pur
when obtained from the more arid parts of the country. :

The average as shown in Table 14 (@) is only 65 parts per 1
As would be anticipated in the case of waters arising in
consisting almost entirely of quartz grains, free from felspar, {
is low averaging 7-0.

The silica appears relatively high, but data is insufficient
samples tested for Dr. Ockerse do not give the silica content

Chlorides are low, averaging 11-2 per cent. of total salts
Sulphates are variable but very low in amount.

As would be anticipated, soda alkalinity is nearly always.
and was found to be present in only one out of six.

Fluorides are sometimes present in very small amounts, b
sample gave 1-1 parts I'. per million.

The hardness, due almost entirely to calcium and mag
bicabonates, is always very low in amount, generally under
CaCO; per 10% and composing 52 per cent. in terms of the tot

Calcium is slightly in predominance over magnesium, the a
ratio being 1:09

The low concentration of salts may be explained by th
that the sandstones are siliceous, and not generally speaking, fe
Further, most of the region is under moderately good rainfal

The Waterberg waters are allocated to the pure water gt
and are entirely suitable for all domestic purposes, stock wa
‘irrigation and all technological purposes after the addition of
amount of lime to elevate the pH.

“THE ROOIBERG SERIES.

At one time the Rooiberg series in the Central Transvaal co
of red felsitic lavas, shales, volcanic agglomerates and highly fe
quartzites and sandstones, were regarded as forming the lower |
of the Waterberg system, but they have now been separat
that system,

As however, the Rooiberg series is of limited extent _
areas occupied by it of no economic importance and samples
to obtain, it has not been studied by the author.

Since however, the volcanic tuffs and agglomerates and
rocks are largely made up or fragments of the Red granite,
sandstones are highly felspathic, it is considered likely that thi
derived therefrom would be very similar to those of “the Red
and alkali syenites, namely soda carbonate waters.
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3% WATERS IN THE TABLE MOUNTAIN SERI
THE CAPE SYSTEM.

THSTRIBUTION AND RAINFALL.

88 DESCRIPTION OF SAMPLES IN TABLE No. 14 ).

Sample
g District and Province, Borehole Tocality, Tescript :
Depth. Locality, Tescription and Remarks. Date, a rocks in this series are found in the South-West anc
" - _— :ape Provinee, in Pondoland and South-East Natal. Th
545 Waterbery, Transvaal...... ’ e = Van Rhyns 1 1li
4 e wgvanh. oo — Boreholr on Patmietioniein, 172, 30 miles North of Nylstreon. {1 Mar . f;qm c.m, Ry sdorp tnrc?gh C]anw'llham to the 09
Ockeree By iy T2 30 TR 3 { Maich, ds in several paralle] belts to Port LElizabeth, there is
...................... Qe 3 B H
546 Polgiolmsrt, Teamsvant ... T I e el iable break till Port St. Jahns is reached. From I
b eree, Anal, Frori ; M miles North of Nylstvoom. (Dr. | Barch, j1e series forms a parrow belt at or parallel to the coast, ex
547 Waderberg, Transvand...oooo.o. ... - orchole, Joha 13 86 12 [e]1 S — - —I-E-..‘, %mcro‘tls previs 1o Hlabisa putitand. T & " ’
...... — chole, Johannesburg 861, Post fiee, Owverysel, rofi miles | M cvOoRlan.
West- N S\West < PRV e March, . . . . .
548 Walerhot, T ; st-Rorth-West of P.P. Rust. (D1 Ockurse, Anal Liv. C.8) 1942 o rainfall falling on fhe rocks of this series averages
ke v ansvalo..o.. e —_ S ., : . - — - 1 i H 1
4 5 PR Ee(l;cl;‘olu st Metkvivier, 75 miles North af Nylstroom. (v, | March finum but may be as high as 407 in certain arcas near th
ckerse, Anal. DIV, C.8.0eeeeiareeaaneneannnn e Tog2 s Frommuze (3, p. I3} points out, this series builds
4 and mountain ranges, standing high above the surr

g0 Wilerherz, Transvaal.... 3 fios W
oy FT T 1Y — Spring, § miles Narth of Warmbaths, on Main Read te Nylstroom j / 8/30

hardt.  (Town supply)............ L1/ 330

and therefore forms platforms upon which the
Srations in the area takes place. The " run-off " fr
itation: gives rise to many perrennial streams.
GEOLOGY AND LITHOLOGY.
‘his series, as much as 5,000 ft. in thickness in the Cape ]
¢ up almost entirely of hard sandstones, generally &
sure, and also frequently hardened by secondary silic
are two shale bands of no great thickness.
he Table Mountain sandstones of the Cape Province are
i in colour, fairly coarse grained and gencrally hard.
[here appears Lo be no reference in the literature to the
ar grains. A number of thin sections of the sandstones
amined microscopically by the author showed the gra
sed almost entirely of quartz, and no felspar was ob
petions examined.
he oceurrence of felspar must therefore be rare. The <
ial is cither siliccous or ferruginous.
ccording to Du Toit the Table Mountain sandstone of 1
ilar, but further northwards in Natal the Table
tone tends to become fclspathic in places. The Na
tain sandstone is generally of a reddish-brown to purf

e Table Mountain sandstones in the Cape Province oft
1 quantities of iron oxide, and less commonty, of n
imes in botryoidal masses ; for example, the iron and 1
its at the eye of the Caledon Spring and the manganc
nstantia Nek. i
The rclation between these deposits and the grount
ssed later.
The absence of scluble compeunds in the rocks gives o
le and non-fertile sandy soils, and, as will be seen, ac
nmineralised nature of the waters arising therein.
UNDERGROUND WATER SUPPLIES.
s shown by Du Toit (x4, p. 216} and Frommurze
foles rarely give good supphics on account of the low

able Mountain sandstone, thoagh in Natal the fesly

4 hetter results. It is pointed out however, that the
T cckdom weathered to any great depth, absorbs large
gater wilich issue as springs in conjunction with stn
ts, folds, jeints and the contacts of the sandstone wit

76 Zoutpansberg, Transvaal. ..ol — Spring, North of T.ouis T




’ Date
e e
m. (Dr March
....... i 1942
a, {Dr, i March
....... l 1942
.6 miies l Marciz—,h
iv. C.S.) ! 1042
a. (Dr. ] March,
....... { 1942

Istroom l 28/ 8/39
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89
HE WATERS IN THE TABLE MOUNTAIN SERIES OF
THE CAPE SYSTEM.
DISTRIBUTION AND RAINFALL.
he rocks in this series are found in the South-West and South
ape Province, in Pondoland and South-East Natal. The series
ds from Van Rhynsdorp through Clanwilliam to the Cape and
ards in several parallel belts to Port Elizabeth, there is then a
lerable break till Port St. Johns is reached. From Port St.
the series forms a narrow belt at or parallel to the coast, extending
numerous breaks to Hlabisa in Zululand. Its age is probably
-Devonian.
'he rainfall falling on the rocks of this series averages 20"-25"
num but may be as high as 40" in certain areas near the coast.
s Frommurze (3, p. 115) points out, this series builds up high
d and mountain ranges, standing high above the surrounding
ry and therefore forms platforms upon which the greatest
itations in the area takes place. The “run-off ” from this
ipitation gives rise to many perrennial streams.
(GEOLOGY AND LITHOLOGY.
his series, as much as 5,000 ft. in thickness in the Cape Province,
It up almost entirely of hard sandstones, generally indurated
essure, and also frequently hardened by secondary silicification.
are two shale bands of no great thickness.
he Table Mountain sandstones of the Cape Province are generally
h in colour, fairly coarse grained and generally hard.
here appears to be no reference in the literature to the presence
spar grains. A number of thin sections of the sandstones prepared
xamined microscopically by the author showed the grains to be
yosed almost entirely of quartz, and no felspar was observed in
sections examined.
he occurrence of felspar must therefore be rare.
erial is either siliceous or ferruginous.
ccording to Du Toit the Table Mountain sandstone of Pondoland
milar, but further northwards in Natal the Table Mountain
one tends to become felspathic in places. The Natal Table
ntain sandstone is generally of a reddish-brown to purple colour.
The Table Mountain sandstones in the Cape Province often contain
1 quantities of iron oxide, and less commonly, of manganese,
etimes in botryoidal masses ; for example, the iron and manganese
sits at the eye of the Caledon Spring and the manganese deposit
onstantia Nek. .
The relation between these deposits and the ground water is
ussed later.
The absence of soluble compounds in the rocks gives rise to very
le and non-fertile sandy soils, and, as will be seen, accounts for
unmineralised nature of the waters arising therein.
UNDERGROUND WATER SUPPLIES.
As shown by Du Toit (14, p. 216) and Frommurze (3, p. 115)
holes rarely give good supplies on account of the low porosity of
Table Mountain sandstone, though in Natal the feslpathic grits
better results. It is pointed out however, that the formation,
gh seldom weathered to any great depth, absorbs large quantities
ater which issue as springs in conjunction with structures like
folds, joints and the contacts of the sandstone with the shale

The cementing
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The main spring at Caledon, for example, yields 180,00

per diem, while the Uitenhage springs yield as much as 1.
gallons per diem.
o Frommurze points out that this formation is of little imp
from the boring aspect owing to the fact that the undergroun
in the Table Mountain sandstone tends to be stored in the
mentioned secondary structures and that it builds moun:
country, which is exceedingly well watered by streams and s
Frommurze gives the following average figures from the few ho
investigated :—-
22,000 gallons per diem at a depth of 112 feet w1th

cent, failures.

QuALITY OF THE WATER IN THE CAPE PROVINCE.

Although this formation is of little importance as regards b
supplies it is nevertheless of vast importance as an aquifer,
numerous perennial springs that rise in the Table Mountain san
mountains often form the sole source of supply for such coastal
as Cape Town, Port Elizabeth, Knysna, Mossel Bay and so on

~numerous inland coastal towns like Bredasdorp, Oudtshoorn, .
dale, Piquetberg and so on, which otherwise would be depen
the highly saline borehole waters from the Malmesbury, Cret
and Bokkeveld formations, obtain all their water supplie
mountain springs in Table Mountain series.

In view of this and also on account of the fact that the
Mountain sandstone waters have certain very interesting :
teristics, the author has devoted a great deal of study to th

In Table 14, the author has given the results of 1g an
Table Mountain sandstone waters in the Cape Province, (Al
waters, with one exception). These samples were collected ove
area from the Cape Peninsula to Port Elizabeth and coveri
districts of Caledon, Wynberg, Cape Town, Swellendam,
Mossel Bay, Tulbagh, Willowmore, Bredasdorp, Worces
Uitenhage.

One of their chief characteristics is the low concentrat
mineral salts which average 12-9 parts per 0% (19 samples)
the hot “ mineral ™ spring at Caledon contains only about 20
dissolved salts per 1o® parts, and therefore should hardly be
a mineral spring* This low iineral concentration of salts
Table Mountain sandstone waters tempted Juritz (5) and man
to describe the waters as very pure and to rate them fo
(locomotive ?) purposes as exceptionally gdod ; in fact the ideal
with which to compare other waters.

Actually, though indeed of very low mineral content thes
Mountain sandstone waters are the most acid natural waters &

tered in the Union excluding of course, mine waters such @
of the Rand, in which the high acidity is due to the oxid
sulphidic ore materials in underground workings.
When Juritz published his paper (5), little or nothing was
regarding the hydrogen ion concentration of natural waters,
course¢ Juritz’ analyses give no pH. figures.

Now pH. determinations immediately show up these wate
badly ; pH. figures as low as 4-5 are quite common.

* Possibly not primarily derived from Table Mountain Sandstone

g2

Sample
No.

107

168

169

171

170

166

310

185

417

57
58

312
2060
269 a)
450
462




TABLE 15~~TABLE MOUNTAIN SERIES -CAPE SYSTEM IN THE <abn.

o058

Trace

Trace

q-h Gt

* Possibly not primarily derived from Table Mountain Sandstone.




LESCRIPTION OF SAMPLES IN TABLE No. 14.

1;2"“ ! District and Province. I?g’:;i’glc Lotality, Description and Remarks. Date.
N : ) Foot.
167 Catedon, Cape Province... ... ... ... — Mountain Spring, 4-5 miles South-East of Hepmanus, Dark
_ brown colour. very stight deposit of ¥e,0p on standing.,.... | 29/ 3/40
168 Caledon, Cape Province... —_ Mountain Spring, near Cape Fangklip. Dark brown colour, ver
shight deposit of Fe,0p on standing.... ..., [ 3/ 4/
169 Caledon, Cape Pravinee.,. ... .. ...... N —_ Mountain Spring & miles Sotth-West of Caledon.,  Fzint brown
colour., o | 77 4f40

T7L Caledon, Cape Provinee * s Caledon Hot Mineral Spring, crystal clear. ... R 67 3ig0

150 Caledon, Cape Provinee... o ... - e Mountain Spring, 3 mijes North-East of LElgin Staton. Crvstal
clear but slight depesit of ¥e,0, on standing..... ... 00 ... 16/ 4/90

166 Cape Peninsula, Cape Provinee — ountain Spring, St. James, Cape Town,  Very laint brown colonr.

Clenr but shight deposit of Fe,Op on standing, ... ... . 4/ 3740

310 Swetlendamn, Cape Province....ooooioin.. —_— North of Swellendam.  Very slight

content o gl LLiieii L, 7/12/40

176 i George, Cape Proviace.........o.ooaal — Monntain spring from near George.  Dark brown colonr. {Analysis

Govt. Lab., Cape Town} 28/ 1/30
o8 Mossel Bay, Cape Province. — Mountain spring, Moswscl Bay. Dark brown colour. 19/1z/3%
138 Tulbagi, Cape Provines........ PRI B —_ Mountoin spring, last side of Tulbagh (Wi

Crystal clear....... et . 5/ 1740
185 Riversdale, Cape Provinee....,..o.ooiia... - — Spring, pale brown in colour from Langeberg Mountains, 5 iles

North of Riversdale, oL oo ol —

417 Cape Town, Cape Provinct. ..o oiieas e Platicklip spring.  Crystal dear. Tuble Mountain, Cape Town.

’ Above upper shale bawd. . 6/ gf
57 Cape Town, Cape Provinge............ e — Spring. pale brown colonr. Cordons 3oy (Steenbrash.......... | 30/ /48
58 Cape Town, Cape Provinee. s - Spring. pale brown cologr.  Constantin Nek, Cape Town. ({Anal.

Municipal Chemist, Cape Town)o, . ... 00 S [ 10/v0/20

352 Cape Town, Cape Provinee, ..ot — Borehole, St fames, Cape Town.ooooooo i on |28/ 101

269 Willowmore, Cape Province.....oo.covenes o Spring. Toverwater Poort (Juritz Anal. 63 Cape Govi, Labl).. : 1g08

269 a) | Bredasdorp, Cape Province.... .. e o — Spring. cofice coloured at Kioof, Tiredasdorp.  (Anal Govit. Lab.?¥  23/11/41

450 Worcester, Cape Province., . ..o.on... AU 5 — Spring at Brand Viei {Anal. Juritz Red 43000000l . 1908

462 Vitenbape, Cape Provinee. .. . oeoeian oo 1 — Springs 7 mi'es North Bast of UitenbafZe. oo ooeiaininnn o 24/10/41

* This spring issues from the Table Mountain Sandstone but possibly the supply of water is derived from pre.Cape rocks.
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would be interesting but almest impossible to assess the corrosive
e caused to pipe lines, hot water cylinders, iron or steel storage
locomotive and steam boilers, etc., by the use, during the last,

rs, of untreated or imperfectly corrected, Table Mountain
ne waters in large centres such as Cape Town, Mossel Bay,
e, Knysna and so on. Suffice it to say that the cost to the
f-Cape Town formerly ran into thousands of pounds annually.

nately the acidity in these waters is ecasily corrected by the
priate use of lime, so that for general purposes these waters can
idered quite suitable. Unfortunately, however, the percentage
ration of chloride is high (40 per cent. ClL) and as chloride.
be removed by any ordinary treatment, it tends to accumulate
am boiler plant (in cases where the percentage ““ make-up ™ is
so that this water is far from ideal for higher pressure boiler
~even when corrected with lime. This fact is discussed sub-
itly.

he chief characteristic of the Table Mountain sandstone water
he Cape Province is therefore its consistently low pH. value,
‘averages 5-4.

ause of this acidity is dealt with later in the section.

nother prominent characteristic is the faint brown to dark
colour of all spring waters in the Table Mountain series,
mes even when the sample is taken at the very eye of the spring.
ally the colour darkens as the water passes through dense beds
etation lining the courses of mountain springs. For example,
atteklip Spring in Cape Town (No. 417, Table 14) which at a
ce looks almost crystal clear, has a faint brown colour, when
d through a colorimeter, and has a low pH. value.

he average layman, on account of this brown colouration and
n account of the fact that the Table Mountain sandstone waters
deposit a little brown oxide on standing, assumes that the
contains a great deal of iron and ascribes the dark colour to
Actually as will be shown later, the iron content of these waters
the average, of very low order. The colour is due entirely to
presence of organic colouring matter and, as will be shown later,
cidity is also partly due to organic matter in solution.

he actual content of organic matter is much lower than would
cpected from their appearance. From a large number of analyses
d out by the author the organic material varies from 0-5 to
rts per 10% Even in the extremely dark coloured waters met
n the vicinity of Hermanus, George and Knysna, the organic
r does not exceed this figure.

xpressed however, as a percentage, the organic matter in the
Mountain sandstone waters is very high, but does not excced
r cent. (on total solids). This figure is interesting when compared
he figures for organic matter of some tropical and other rivers,
ed by Clarke (43, p. 1I0) i—

Uruguay River = 59-9 per cent. organic matter (on total solids).
Plata River... = 49-6 per cent. organic matter (on total solids).
Amazon River. — I 5+0 per cent. organic matter (on total solids).
Nile River..... = 10-36 per cent. organic matter (on total solids).
Danube River. = 3-25 per cent. organic matter (on total solids).
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The author found that the organic matter in the Table M
sandstone waters is water soluble, but not soluble to any ex
ether or alcohol. When however the original water is evap
to dryness and the residue taken up again with water, it was ob
that only part of the organic matter goes back into solutio

At one time these so-called “ humic acids " were suppose
mixtures of acids termed humic, crenic, apocrenic and ulm
but there is much doubt about this. They are now believed
vague group of organic colloids possessing slightly acidic pr

The organic colouring matter of the waters is derived frg
abundant heath-like ‘type of vegetation growing on the soils
Table Mountain series. As pointed out by Adamson (22,
these soils tend to accumulate great quantities of humus and th
is frequently black. In some cases a surface layer of sandy
formed. Since the Table Mountain sandstones consist almost
of quartz, there are practically no bases to neutralise the
acids in the soils which are therefore distinctly sour (pH. £
to 5-0). Grasses, as remarked by Adamson, never form a consp
feature on the mountain tops. The plants are of small stat
Monocotyledons, especially the Restinacea, are very abundan
a marked character to the vegetation. On the slopes of the mouy
Protea bushes grow in abundance. Along the water course
formed more rapidly and tall reed-like plants such as Dovea m
Bezelia lanuginosae, Psaralea pinnata (water bush) are co
found and it is from these plants in particular that both the ¢
matter and the acidity of the waters are derived.

On the seaward slopes of the mountain dense forests are dev
Phillips, (23).

The vegetatlon on the Table Mountain series in Nata
different and grasses are the most common form of vegetation.
plantations are also a conspicuous feature on this, series in
The abundant heathlike type of vegetation of the Cape Pro
absent, and consequently the waters from Natal lack b
colouration and acidity of the waters from the Table Mountain
in the Cape Province.

Reverting to the Table Mountain series in the Cape P
it has already been pointed out that even at the eyes of spriny
water has generally a faint brown colour and is distinctly
“acid side.

It follows therefore that a certain amount of organic ma
picked up on the surface and from the soil, and this is only
removed during the passage of rain water through the thick’
sandstone. When however the ground water issues as a spriny
take up more colouring matter and tend to become darker a
more acid, as the stream progresses down the mountain slop

Some of the darkest coloured waters are those from the He
and George districts and these have a pH. of as low as 4°5.

Another characteristic of the water from the Table Mo
series in the Cape Province is the relatively high chloride
Although the actual analysis shows as a rule only 3 to 6 pa
expressed as a percentage of the total solids the figure is ve
and consistent, averaging 40 per cent, Cl,

Sulphates are always present in small amounts, averagl
per cent. SO, on the total solids.

Gilica shows some
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ilica shows crome variation, but is never high, averaging only
er cent. Si0, of the total solids. S
his is interesting in view of the fact that it is generally supposed
he so-called humic acids readily attack silica and that waters
ely high in organic matter are likely to be very high in silica
I (Lindgren 35, p. 28). Clarke (43, p. 111) however, casts doubts
is theory, and states that it appears that the alleged relation
en humus and silica is purely coincidental and that there is no
htly acidic propert; that humic acids can dissolve silica when alkalies are absent.

rs is derived from ¢ ince the Table Mountain series essentially a siliceous formation
idence collected by the author in Table 14, strongly supports
‘s view, since 4-7 per cent. Si0O, is very low compared with
per cent. Si0, of the waters from the basic rocks of the Bushveld
ex, or 1g per cent. $5i0, in the case of the waters from the Red

e
oda alkalinity is never present; instead there is a relatively
ermanent hardness figure which is fairly consistent in amount,
ing 18-9g per cent. of the total solids and consisting mainly of
_ sium chloride. ' :
very abundant givip emporary hardness due to calcium and magnesium bicarbonates
low, generally less than half of the total hardness, and averaging
o-5 per cent. of the total solids.

he total scale-forming salts only average 26-2 per cent. of the
solids, so that these waters may be described as very soft.
are for example the waters from the Dolomite series with g1-0
cent. of scale-forming salts).

Lime salts only average 3-9 per cent. while magnesium salts
age 8+4 per cent.——a ratio of CaO:MgO of r:2-2.

As would be expected, fluorides were not detected in any of the

les. :
There is a small amount of iron in the waters from the Table

ntain series.

The sandstones are characterised by red or brown ferric iron
e stains along the bedding planes or joints in the zones of
hering, but that in depth the sandstones become grey or bluish-
1 due to ferrous iron compounds. :
Harden (25, pp. 45—4%) has shown that iron compounds in rocks
soils can be attacked and taken into solution by the action of
or by the action of organic matter in the percolating water (so
d humic acids); both agents are present in waters from the
e Mountain Series. :
With regard to the former action, Harden showed that all ferrous
ounds are readily acted upon by carbonic acid and taken into
ion as ferrous bicarbonate but are carried as such only as long as
ater contains a lavge excess of carbon dioxide in solution. Precipi-
n is therefore effected by the escape of CO, to the atmosphere
rough its absorption by plant cells (Bacterial action).

n the case of bacterial action, iron is supposed to be precipitated
acteria. Both the above theories would appear to account for
act that the waters tend to deposit a little iron oxide on standing
me days. This is either through the loss of CO, or from bacterial
n. Iron oxide is also precipitated on boiling this, of course, being
o loss of CO,. :
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- Now- this deposition of iron oxide from waters on stang
by no means confined to these waters. It has been shown in a
‘section that the crystal clear borehole waters from the Cape
.often exhibit this tendency, as to the Old granite waters f
-Natal coast (Table 3), and in fact several other types. The
~has observed, however, that this characteristic appears to be ¢
-to waters with either a very low or fairly low pH. value (7-0 0
‘and is in no way connected with an exceptionally high iron
In other words this phenomenon takes place in waters with
excess of free CO, (consequently with a low pH.). Precipi
therefore .due to loss of some of this CO, or to bacterial
{(Bacteria, incidentally flourish in slightly amd solution).

There appears to
gatding this probler
idity is due to orga.
ids (humic acids), «
n the ranges of Tak
In view of the so
hemists have sugges
ncombined) CO, dist
f that of Hey (27) nc
In order to clear-
westigations.

(i) Inwve

From the author’s determinations, iron, though always - The pH. reaction

‘in the water from the Table Mountain series, exists in ve cids like H,S0,) has
amount. The iron content was found to vary between o-0 ree carbon dioxide an
parts Fe,0,, the average being generally about o-2 parts vith calcium and mz

A sample of the so-called “ chalybeate spring " at Caledo
‘Cape Province, (see sample No. 171, Table 14) tested recentl
author contained only 1-6 per cent. Fey O, (1-1 per cent. F

The author deter
nd the pH. in the ca
and the results are s
 The author first
lrge number of crys
rge from any apprec
acids. The samples

¢ sample bottle he
15 far as possible.

* The graph (Figt
lation between the
ndency in that dir
id waters from {h
milar manner. It

| the waters from
se was the conten

Rindl (4) has given figures of 1-8-2-0 parts per 10% F
‘this Caledon spring sampled at different period, while Jur
analyses of several waters from the Table Mountain series
only .0-2 parts Fe,O, per 105 The iron content of these w:
sampled at the surface, is therefore very low and is no greater
.most waters..

- It is possible, however, that owing to the marked insta
ferrous ~:bicarbonate, much of the iron content of these w
removed before the ground water reaches the actual sur
-immediately it reaches the surface in the case of the Caledon
springs (the Caledon spring has given rise to great mounds o
‘inanganese accumulated over long periods of time).

Numbers'of small ferrugmous pellets are also found in th
layers of the soils of the Table Mountain series and someti
of ““ laterite * are also found on the surface. These iron oxide.
in the soil originate no doubt in the same way as the calcare
described. in Section 4, that is by loss of CO, from the gro
With consequent precipitation of ferric ox1des

Incidentally it aj
fover 4 parts per 3
lew springs like 1
ee CO,.

- The results of t
0 indicate very cle

’I‘hough magnanese was not systematically determined i _
able Mountain serie

Table Mountain sandstone waters tested, the author carr
colorimetric determination of manganese on a few samples
nothing more than traces. For 6 samples the Mn content ve mic) derived fror
~0005 . parts Mn to -001z parts per 10% hence it appears ates.

manganese content of these waters is usually very smal This, at first si
occasionally it must be higher, as evidenced by the sprin ) who carried out
at-Caledon and- Constantia Nek. eam which flows

The manganese is probably present as manganous bicarbt d Car’ﬁe t(} tllile COn
iits precipitation is due to the loss of CO, and subsequent | £ e following
(or probably to baetemal action). (x) The strea

of stream

(i) Cause of Acidity. municatio

To turn now to the cause of the acidity of the waters pointed o
Table Mountain series in the Cape Province, the Table
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here appears to be little or no reference in the local literature
ing this problem. It is generally assumed, however, that the
r is due to organic acids, colloquially referred to as * Palmiet ”
(humic acids), derived from the vegetation growing profusely
¢ ranges of Table Mountain sandstone. L
n view of the somewhat low organic content of the waters some
sts have suggested that the high acidity is really dué to free
mbined) CO, dissolved in these waters, though with the exception
w o _ g t of Hey (27) no work appears to have been done on the subject.
w pH.). PI‘ECIpltatiOH is n order to clear up this point the author carried out the following
)2_ or to bacteriz] action. igations. , - ‘
weid solution). - o o

(i1) Investigation into the Cause of Acidity. ‘
he pH. reaction of natural waters (free from organic and miineral’

like H,SO,) has been shown to be due to equilibrium between
rbon dioxide and bicarbonate ions kept in solution in conjunction.

m waters on stapd:
is been shown in in
ers from the Cape Ia
I granite waters from
other types., The aut
stic appears to be confip
v pH. value (7.0 or und
‘onally high iron conte
Ce 1n waters with g largs

0, though always DPresent
ries, exists in very :

about o- ) . \ ;

.ringu” thcg,?rés Per 1o alcium and magnesium ions Greenfield and Baker, (26), - -

(4) tested recee t(;n - th he author determined the relation between the free CO, content.
. Nty by the e pH. in the case of a large number of different types of waters,

he results are shown in Figure 1.

he author first determined the pH. and free CO, content of a
number of crystal clear borehole and spring waters which were
om any appreciable amount of organic matter and from mineral
_ The samples were tested as soon as possible after sampling,
and is no greater than ; mple bottle having been filled to the stopper to exclude air,
as possible.

he graph (Figure 1) shows that though there is not a direct
n between the free CO, and pil. there is nevertheless a strong
cy in that direction. A large number of the coffee coloured
aters from the Table Mountain series were then tested in a
lar manner. It was found that though free CO, was present in
he waters from this formation in the Cape Province, in no
as the content very high, and the points (free COy-pH) lie
much to the left of the curve for the other waters. =
Incidentally it appears that natural waters with a free CO, content
ver 4 parts per 10°® are rare in the Union. There are, of course,
w springs like those in Pondoland with abnormal amounts of
CO,. | : :

The results of the tests carried out by the author would appear
wdicate very clearly that the high acidity of the waters.in the
e Mountain series in the Cape Province is not due entirely to an
sive amount of free CO, in solution but rather to organic acids
nic) derived from the vegetation through which the water per-
es.

This, at first sight, may appear to contradict the work of Hey
who carried out some tests on one stream, namely the Bosboukloof
m which flows through the Trout Hatchery at Jonkershoek,
came to the conclusion that the acidity was due solely to dissolved
The following facts however, must be borne in mind :— -

- (1) The stream at Jonkershoek does not appear to be typical
of stream water in the Table Mountain series. In a com-.
munication to the author received from Dr. Hey, it was
pointed out that the stream issues: from the junction of
the Table Mountain series and Franschhoek Shales, and is,

pgrts per 108 Fe,0, f,
sertod, while Jurity’s
Mountain series averag

-he marked instability g
itent of these waters 15
i the actual surface, or

also found in the surface
1es and sometimes sheets
These iron oxide deposits
ay as the calcareous tufa:

» from the ground waters:
3. ~

lly determined in all the.
1¢ atthor carried ouf a

ence it appears that th
lly very small, thoug
by the spring deposit

ganous bicarbonate, and
d subsequent oxidation

of the waters from the
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practically water white, there being not the slighte
of any brown colour, in contrast with the pale b
deep brown colour of the typical streams in th
Mountain series, (Hey does not give a complete
of this water).

(2) The pH. of the water was 6:8 as compared with
to 5-5 of the vast majority of the typical brown ¢
waters from the Table Mountain series examined
author,

that in the case of the Jonkershoek stream the acidity was undo
due to free¢ CO,.

Similar tests to those made by Dr. Hey were carried out
auihor on some waters ’{rom the Table Mountam serles in Na,ta

pI—I. values from 6-5 to 7-0. The results were as follows i—

pH. Value  pH.

before Boiling. aﬁ,‘er

Sample 422 (see Table 15)........ 6 8
Sample 338 (see Table 15).......
Sample 339 (see Table 15)........
Sample 531 (see Table 15)........
Sample 521 (see Table 15)........

O\O\O\O\

This proved that the very slight acidity of the water fit
formation in Natal was due to free CO,.

Similar tests were then carried out on the samples of coffee-¢
acid waters of the Table Mountain series from the Cape P
with the following results

’ Freec CO, Initial pH. -
Saglr(t)p le . Tﬁgle Colour, Parts pH. after
' ’ per 105 Value. Boiling,
168 14 Very Dark brown 0-88 4-50 400
167 14 Very dark brown 066 4+50 4+65
166 14 Light brown... 1-00 520 5°35
08 14 Brown.......... 070 6-00 620
57 14 Pale brown.. ... 1-00 600 615
A, Her- Brown....... ... 020 G20 7 X0
manus
Reser-
voir *
184 14 Light brown.... 1-00 370 5+00

* The water in this reservoir had been standing for a considerable pe

~ All the above figures were the result of a number of

tests. :
The test on Sample A, shows an anomaly. A1t11ough

CO, (conﬁlmed by two different methods) is exceedingly
organic matter very high, the pH. is not as low as would be ¢
and shows an appreciable rise after boiling, and attains the
70 pH. point,
. Otherwise all the foregoing tests indicate no apprecmbl
pH. after boiling in any of the samples tested and this resul

ir- o ecase annrnached the nentral noint of 7.0

“Free' CO, in parts CO, per 100,000

50 P

1-0
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It is also shown that the acidity tends to vary with the depth
olour, and consequently with the organic matter content of the
r (though the determination of organic matter by ignition of the

solids at low red heat affords only an approximate figure).

The low free CO, content of all the waters from the Table Mountain

s is rather surprising, in view of the organic matter present, but

low frec CO, content is confirmed by analyses made by many

ists. It must be explained that with the exception of the Hermanus
r, all the samples tested by the author were freshly drawn. No

t the CO, figure would be higher through oxidation of organic

er if the water were allowed to stand in reservoirs, etc., for a long

iod of time.

The normal dissolved oxygen content of the coffee coloured

is high, usually 4-5 to 6 mls. per litre of O,.

The results of the foregoing investigations prove clearly that the

h acidity is mainly due to organic acids, and only in small. part,

to free CO,. This applies more particularly to the very dark
n waters.

(1) Utilisation.

n view of the exceedingly low concentration of solids in all the
in the Table Mountain series in the Cape Province, they would
matically fall into the pure water group E. but these waters
er from the others in that group, in having a very much highex
ity and a relatively higher chloride content. Their utilisation is
ussed under Group E,

t may be stated here that these waters are potable, and entirely
ble for watering stock and for irrigation. If untreated they tend,
orementioned, to corrode pipe lines and hot water installations.
view of the low lime content they would benefit by the addition
ime before being used for domestic consumption.

As regards the origin of the Table Mountain series, certain
ogists Du Toit (14 p. 214), in viewéof the fact that no fish or
nite marine invertebrate fossils have been found, are inclined to
iew that the formation is of fluviatile origin rather than marine.
The results of the water analyses as set forth in Table 14 would,
irst sight, appear to point to a sea water origin (i.e. the relatively
1 chloride) or to subsequent marine transgression after consoli-
on of these rocks.  One important fact however, must be borne
ind—the mountain ranges which are built up of the Table Mountain
es lie not only parallel to the sea, but at no great distance from
coast, and the prevailing South-Easterly winds heavily laden with
“impregnated moistures tend to pile up against these mountain
zes and deposit their moisture in the form of mists or rain. Hence
ngs on the seaward slopes of the mountain would tend to be
aminated with salts carried by these winds.

QUALITY oF WATER IN NATAL.

In Table 15, the author has set out the results of anlyses of
ers from the Table Mountain series from the Port Shepstone,
er Tongaat, Camperdown, New Hanover, Pinetown, Lower Tugela
Eshowe districts of Natal. With two exceptions these are all
ng waters, As in the Cape Province, boreholes in this formation
few and far between, on account of the numerous springs arising
he mountainous areas built up of that formation.
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“Thé Natal waters contain very little mineral salts, the avi '
’concentratmn being only 11-4 parts per 100,000. They ar | =
‘similar to those of the Cape Province, but unlike the latter a
slightly acidic, the pH. value, though low, averaging 69 as co
with the average of 5.7 of the latter. Furthermore, they are T - -
clear-in colour in contrast to the coffee coloured spring waters
‘Cape Province and contain onIy a trace of organic matter.
«due to the absence of the “ palmiet ” vegetation so prolific
qnountain country of the Cape Province. Consequently the
acids are absent. As shown in a previous page, the shght
found is due to dissolved CO,.

Parts CaCO, per i¢
Total Solids {at 1006°)...¢

Methyl Orange Alkalini¢

‘Totai Hardness......... -

Permanent Hardness...':

Temporary Hardness...'¢

The silica,content is higher than in the case of the water

the Table Mountain series in the Cape, averaging 10-4 per ¢
the total solids.

Hardness due to Ca Sa'’

Fluorides were not found. Hardnoss duo o Mg Sa¢

Chlorides, evpressed as a percentage of the total solids 2
321, a figure which, though high, is lower than that in th
{40 per cent.).

Soda Alkalinity........ i

Parts per 10% of

Sulphates at 2-1 per cent. SO, are a little lower than in the
, Sodium carbonate or blcaxbona.t(, is never present ; ins
small permanent hardness is always present, averaging 16+3 pe
of the total solids. The temporary hardness salts, calcium and
nesium bicarbonates, are relatively higher than in the Cape, ave

19-3 per cent. of the total dissolved solids, as against 10+6 pe
in the case of the Cape.

Silica (as Si0,)......

. Fluorides (as F)........ 1l

Nitrites. ..o vvn oo .. il

Nitrates (as NO,).......H

-Chlorides (as Ch)........"

The total scale-forming compounds, at 33+3 per cent. are
higher than in the Cape waters (26-2 per cent.) but in spite
these waters may be described as very soft.

Sulphates {as SOQ,)......"

Potassium Salts........ ic

Lime, at 6-8 per cent, is relatively higher than in the cas PH. Values..... ... .

Cape waters (3-9 per cent.) and this may be accounted for by ¢l
that the sandstones are not always composed entxrely of qu
are sometimes slightly felspathic,

The CaO : MgO ratio at 1 : 1+5 is less than that of waters oct
in the Table Mountain series in the Cape Province (x:2-2).

Owing to the low concentration of salts, these waters
classified under the very pure water group E. The chemical co
and utiliration of these waters will be dealt with fully under G
but it may be stated that for domestic, stock watering, irrigat
most general industrial purposes these waters can be used #

.....................

Soda Alkalinity (as Na,l

—

Total Hardness (as CaCre

—— —

- Permanent FMardness {as¢

The low concentration of salts and in particular the low s
content and the CaO:MgO ratio would not appear to
contamination with entrapped sea water. The relatively high:
content may be cyclic, that is caused by salt spray carried so
distance inland by wind and deposited by rain, for the Table M
sandstone formation runs parallel with and at no great distan
the coast in Natal.

: T@mporary Hardness (ag ¢

No data is available regarding the quality of the Table M
sandstone water in Pondoland.
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I pet cent. 50, are a'lzttle lower than in the Ca S0 et -2 — — 3-6 -8 6 27 o0F -3 | o-gz 2o | —
mate or bicarbonate, is never present ; inste: - m_— i -
ardness is always present, averaging 163 per (as B Nil Nil Nil Nl N il il i Nt i N Trace | -
The ’felmg?Oi'éill‘}; ‘h?rdne}% Sﬂ_lts,hcalccium and mag @M@ .. 4 Nil il 23 Nil 3l Nit il NIl Wi il -
¢s, arc relatively higher than in the Cape, aver; ; - ; : : : — : ¢
Jie to{_a_l dissolved SOHdS, as aga_inst 10.6 Pe{_(' (35 Nog) ------------------ Nil Nit Nt H Nil il Nil il Nl ng ‘ il Nit -
Cape. fds Chooo oo ini i 2-8 2-2 z-4 ' 131 5% 1 83 25 18 o7 43 34
. : i i
e-formmg compounds, at 33-3 per cent. are 3 s {as SO). ... Trace Trace JEE SN 0-0z 0-04 0-03 007 o2 o 14 | @104 o
- Cape waters (26-2 per cent.) bat in spite of [ Under i
be described as very soit. m o SaMs.. .. Trace Trace 0-Q5 | os Trace Trace Trace Trace Trace Trace Trace -
- _ ' ' = e e _ — : o= - . ~
et cent, s relatively higher than in the casw o UES 7o 72 o8 7 6-5 6-8 73 65 685 63 69 -9
cr cent.) and this may be accounted for by the 1
s are not always composed entirely of quartz groentage on Total Solids © j
Wtly felspathe. — ~ ° o4& 120 — 100 140 9-0 (19-2) 126 50 &3 1z-2 1004
Jratio at 1:1-5isless than that of waters occurnmgdlas A o3 40 170 3.0 G-z {Trace) g0 66 35 16 68
wtain series in the Cape Province (1:2-2). ) ]
P A ( 2 2} ....................... oo 8-0 645 83 405 36 78 182 232 13-4 8.7 ic-2
low concentration of salts, these waters can beflile .~ 28-0 2547 215 37°5 4570 5379 ‘180 325 | L6 285 315 52!
_very pure water group E. _The chemical corre Troce Trace -8 06 03 oz o5 33 * 2-35 035 58 21
aese waters will be dealt with fully under Groy ” ; W 5 i 3
:d that for domestic, stock watering, irrigation Healinity {as Na,CO........ il NiI il il i At {5-5) nil il N N =
trial purposes these waters can be used wre ardness (as CacOL). ... ... 350 362 | a3 515 18-85 20°3 200 815 7] A{rz-0) 385 #5°0 3373
ration of salts and in particular the low sulp nt Hardness (as CaCOy).... 50 7o i 9o s e o (i (529 | 8o 293 A B
Cal : MgO ratio would not appear to ind ry Hardness {ag, CaCO,).. . - 3040 29-2 E 24-2 270 18 103 20-0 g5 90 1x-7 133
- entrapped sea water. The relatively high chio — SO P to | 1:06 | 1:72 | x: 52 I
lic, that is caused by salt spray carried some.li O:Mg0...........o.o. TR ISRl TS A0 N el - :
#ind and deposited by rain, for the Table Mour

n runs parallel with and at no great distanc

ilable regarding the quality of the Table Moust
Pondoland.

= Deposits iron oxide on standing. .




DESCRIPTION OF SAMPLES IN TABLE No. i35.

District and Province. ; I%’;;%ﬁ%c : Locality, Description and Remarles.
T Feet.

Pinetown, Natal. ... ... .. ... ... . e —_— Spring, Electric Substation, Marianhill.. ... o oot

, Pinetown, Netal........... ............... :7 e Spring near Electric Substation, Delville Wood.........o.... ..,
l Pinetown, Natal - ‘ i “‘:_ Spring at Waterfall, Pinetown, near Durban.................. ‘
Pinetown, Natal ' 160 Borchole in Pinetown, Mrs. Wright's house......... ... ... ... {
| Eshowe, Ii-;t‘ajl— .......... 7 ................ E— """"" :-: Spring at Eshowe {Dr. Ockerse Anal. D.CS)... ... ... . ... ﬁ

Camperdown, Natal........ T e Spring, Umlazi Location, 15 miles West North-West of Isipingo

e | Spring, Orils Gorge, 15 miles West South-West of Port Shepstone.

{ Port Shepstone, Natal
i

U Lower Tagela, Natal. ....ocoooeeeeoon...
: : : Lo s 07 T

Torehole on farm Errydale (W, Collins) about g miles North-West

New Hanover, Matal. .. ... ool e Spring just below MNoodsberg. ... ... oo oo

New Hanover, Natalo...ooovoovaeaniiaio | — Borekole at Wartburg, East of Pietermaritzburg. ... ... ... ...

| Spring 2 miles North-Fast of Stanger........................

[ Lower Togela, North Coast. Matel...oooo [ — 1

103

THE WATERS IN THE BOKKEVELD
SERIES, CAPE SYSTEM.

The Bokkeveld series passes upwards withe
eberg series, and for the purposes of this stud
3 be considered together.

, DISTRIBUTION AND RAINFAL
The Bokkeveld series, which lie conformably o
es, forms low lying ground between the mow
tain sandstones in the “ Folded Mountain
tern and Southern Cape.

The Witteberg series, consisting mainly of
orm comparatively low ranges of hills of aw
y distinguished from the higher ranges
indstone in the vicinity.

The rainfall in the areas occupied by these
le, very poor, averaging from about 15" per an
ict to 10" in the Willowmore district.

- Grorogy AND LITHOLOGY,
In the Bokkeveld series shaly or slaty be
few sandstone and quartzite beds, while in the
s the reverse obtains.

The Bokkeveld series consist of dark blue t
iles and mudstones with some micaceous flagst
e beds are sometimes carbonaceous and rich i
Some fesipathic sandstones occur, but
are sificeous. The soils are rather clayey

The Witteberg series is predominantly arenas
ery fine grained and white in colour. The
ommonly micaceous and occasionally carbon:
hite flakes.

Both the shale and quartzite beds of the *
bent into scute folds. Fossils are not «
¥ of plant remains.

Ihe age of the Bokkeveld series has been
er to Middle Devonian and that of the
oMan to Lower Carboniferous.

rom the point of view of this study, the 1
ower Bokkeveld beds are definitely a mar
laid down under sait water, while the 1
b}’»rg beds are generally regarded as having
1 te or fluviatile conditions. Further reft
ater,

UNDERGROUND WATER SUPPL
¢ Toit (2, p. 121) states that the yields
R districts of low rainfall such as Prine
1GWInos:e, yields of from 20,000 to 50,000 £
Ommon, but in Ultenhage the average yi
a-li?r_is ber diem. Tha Toit points out that
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‘HE WATERS IN THE BOKKEVELD AND WITTEBERG

SERIES, CAPE SYSTEM.

Bokkeveld series passes upwards without a break -into the’
series, and for the purposes of this study, the two formations
onsidered together. R S

DISTRIBUTION AND RAINFALL, ' A

Bokkeveld series, which lie conformably on the Table :Mouhtéin
forms low lying ground between the mountain ranges of Table.

in sandstones in the ““ Folded Mountain Belt ” of the South-.
and Southern Cape. BN

ie Witteberg series, consisting mainly of quartzitic beds, tend
1 comparatively low ranges of hills of an almost white colour,
istinguished from the higher ranges of Table Mountain
ne in the vicinity. N

rainfall in the areas occupied by these formations is, on the’
very poor, averaging from about 15" per annum in the Uitenhage
“to 10" in the Willowmore district. -

GEOLOGY AND LITHOLOGY. o

‘the Bokkeveld series shaly or slaty beds predominaté, with -
rsandstone and quartzite beds, while in the succeeding Witteberg:
he reverse obtains.

e Bokkeveld series consist of dark blue to greyish or greenish
and mudstones with some micaceous flagstones, while the lowest
eds are sometimes carbonaceous and rich in marine invertebrate
 Some feslpathic sandstones occur, but the higher sandstone
re siliceous. The soils are rather clayey and sweet.

_‘:e Witteberg series is predominantly arenaceous. ‘The quartzites
ry fine grained and white in colour. The shale and flagstones.
monly micaceous and occasionally carbonaceous with occasional
e flakes. '

‘ih the shale and quartzite beds of the Witteberg series have -
ent into acute folds. Fossils are not common, and consist

- of plant remains.

e age of the Bokkeveld series has been generally regarded a:'s"
‘to Middle Devonian and that of the Witteberg as Upper.
an to Lower Carboniferous. |

om the point of view of this study, the important fact is that
wer Bokkeveld beds are definitely a marine formation, having
aid down under salt water, while the upper Bokkeveld and
erg beds are generally regarded as having been laid down under
vine or fluviatile conditions, Further reference to this will be
ater. :

UNDERGROUND WATER SUPPLIES. ‘ .

u Toit (2, p. 121) states that the yields are generally good';:
n districts of low rainfall such as Prince Albert, Oudtshoorn v
lowmore, yields of from 20,000 to 50,000 gallons per diem being-
‘ommon, but in Uitenhage the average yield is low, being only
allons per diem. Du Toit points out that the water is generally
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~ In the Witteber
verage of 43 per cer
ppears to be the case
eraging under 2 pe
her hand, show an
lids.

The sulphate ¢¢
t. SO,). Those {

Frommurze (3, pp. r17-120) states that in the folded
permeability of the rocks is increased and infiltration beco:
tated by the highly tilted and cleaved nature of the beds an
are good in quantity, but brackish and sometimes sulph

The average depth at which water is struck is ge
under 100’ except in the Alexandria district. The perc
failures is generally low, but the percentage of very brac
well over 40 per cent. In the Witteberg series the yield is
much poorer owing to the quartzitic nature of the rocks and F
gives an average of about 10,000 gallons per diem at deptl

over 200 ft. (except in the Prince Albert district). Except in the ¢

alcium predominate
There is insuffic

uite a number of fairly important centres are Iocat Na,CO; or Nal
Bokkeveld and Witteberg formations (e.g. Caledon, Unlondal n appreciable perm
more, Bredasdorp, Steytlerville, Grahamstown, Bathurst Although most
Alfred) but most of these towns draw their water supplies ardness figure of o
mountain streams of the Table Mountain sandstone format:
is indeed fortunate for the waters from the Bokkeveld bec
a less extent, the Witteberg, are decidedly brackish. &
towns however (e.g. Willowmore) are still dependent on
borehole supplies from the Bokkeveld beds.

In spite of the fact that borchole waters are not us

QUALITY OF THE WATER.

7 per cent. of the
lightly lower hardi
ave a hardness of «
aCO, expressed in

Both the Bokk

great extent for domestic or industrial supplies, these ¥ nto the highly min
nevertheless of great interest to this study, on account o tilisation of these
that some of the Bokkeveld series at least, were without reatment is discusse
laid down under the sea. hat for nearly all

The author had great difficulty in obtaining sampl team plant, the w
from the Bokkeveld or Witteberg beds, owing to the fact i
number of boreholes in these formations have long ago bee
on account of salinity and a better quality water obtained
sources, and has therefore included in the analyses o
samples as shown in Tables 16 and 17 several of Juritz
(5, pp. 478-479) made about the year 1908, which unfort
not complete.

Samples were drawn from the Willowmore, Caledon,
Uniondale, Prince Albert, Laingsburg, Albany and Worcestel
and although few in number they are fairly representa
Bokkeveld and Witteberg formations.

It must be emphasised that there is no clear line of d
between the upper Bokkeveld and lower Witteberg shales,.
water samples included in the Wltteberg shales may origi
Bokkeveld horizon.

The most striking feature of the waters from the Bokl
is the very high salinity, the average concentration bein;
200 parts per 100,000. There is a gradual decrease in sa
the Witteberg quartzite zone is reached. These quartzites

_of very low concentration, the average being about I0
100,000. The Witteberg shales, however, yield water o
concentration of go parts, but as mentioned, some of
may come from the Bokkeveld horizon.

The chloride content is very high. In the case of
the Bokkeveld beds, Cl. averages 41 per cent. in terms ¢

The majority of
nough they could
A few of the «
unless used in the
uitable.

The remarks e
Witteberg shale zor
pure water as far :
The Witteberg
pure water Group
chloride content, ti
broportion to the ¢
tven this water wc
45 feed water in ste
late fairly rapidly :

ould be very sut
The very higl
fasily be explaine
On palaeonto
okkeveld beds w
¢ predominantly
ould not be read
time had elaps
ords these beds w



105

n the Witteberg series, the shale zones yield water with an
ge of 43 per cent. CL and the quartzite zones 31 per cent. A4s
rs 0 be the case wn all saline waters the silica content is very low,
ing under 2 per cent. The Witteberg quartzite waters, on the
hand, show an average of 10 per cent. Si0, in terms of total

in the folded areag
Itration becomes fac
f the beds and sup
times sulphuroug,

ruck is generally v,
t. The percentage
of very brack suppl
s the yield is generall
- erocks and Frommm-y

he sulphate content of Bokkeveld waters is high (x3-5 per
SO,). Those from the Witteberg beds, both in the shale and
rtzite zones show an average of over 15 per cent. SO,, though
absolute amount of SO, in the latter is low.

E-{Except in the case of waters from the Witteberg quartzite zone,
jum predominates slightly over magnesium.

‘There is insufficient data regarding fluorides.

Na,CO, or NaHCO;, 1s very rare; instead there is nearly always
appreciable permanent hardness (over 17 per cent. as CaCO,).

Although most of the Bokkeveld waters are exceedingly hard
dness figure of over 100 parts CaCO; per 10% being quite cormnmon)
in terms of total solids the scale-forming compounds only comprise
er cent. of the total salts. The Witteberg shale waters show a
1tly lower hardness while the waters from the quartzite zones
¢ a hardness of only about 3 parts CaCO; per 10% (or 32 per cent.
O, expressed in terms of total solids).

Both the Bokkeveld and Witteberg shale waters fall naturally
the highly mineralised chloride-sulphate Group A of waters, the
sation of these waters and the necessary corrective chemical
tment is discussed under Group A. It may be stated here however,
for nearly all industrial purposes and for use as boiler feed in
m plant, the waters from the Bokkeveld shale beds are far too
e.

The majority of these waters are non-potable on account of salinity
gh they could be used for watering livestock.

A few of the waters may be too saline for irrigation purposes,
ss used in the case of loose porous soils, but the majority are
table,

. The remarks apply to a less extent to the waters from the
itteberg shale zones, but the Witteberg quartzite zones yield very
re water as far as concentration of salts are concerned.

~ The Witteberg quartzite waters would appear to fall into the
re water Group E, as the concentration of salts is low, but the
oride content, though low in actual amount, is relatively high in
portion to the other radicles 31 per cent.) and in very dry seasons
en this water would tend to become slightly brackish. -When used
feed water in steam boiler plant the chloride would tend to accumu-
e fairly rapidly in the boilers, but for all other purposes this water
uld be very suitable,

The very high salinity of water from the Bokkeveld beds ca
ily be explained. : |

On palaeontological grounds it has been established that the
kkeveld beds were laid down In sea water, and, since these beds
predominantly argillaceous, any contained and adsorbed salts
uld not be readily leached out even though a considerable period
time had elapsed since the deposition of these beds. In other
rds these beds would be likely to retain connate sea water. Further,

res are located op the
lon, Uniondale, Willowe.
n, Bathurst and Porg
rater supplies from the
stone formation. This
okkeveld beds, and tg
brackish. Some small:
lependent on brackish

3 are not used to any:
lies, these waters are
1 account of the fact :
are without any doubt

aing samples of water.
to the fact that a large
ng ago been abandone

al of Juritz’s analyse
hich unfortunately ar

, Caledon, Oudtshoorn
nd Worcester districts
representative of the

ar line of demarcation
erg shales, and several
s may originate in the

m the Bokkeveld beds
ration being well over
rease in salinity until
quartzites yield water
> about 1o parts per

1 water of an average
some of these waters
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the areas concerned are those with limited rainfall, so that on
of restricted circulation in the rocks, the process of dilution
be a slow one, ‘

As in the case of water from the Malmesbury saltes, a ¢om
of the average percentage composition of Bokkeveld waters w
of sea water is most striking. This comparison is given in Tab

e

The same relation between the constituents obtain as in t
of oceanic waters, ie. C1> 50,> COy and Na> Mg > Ca.

It will be noted however, that, instead of the magnesium
dominating the average CaO : MgO ratio is 1 :0-96, though i
waters the ratio is 1: 26, It must be borne in mind that the;
shales seem to be slightly calcareous, a fact which is reflected
somewhat sweet nature of the Bokkeveld soils.

L L I ]

Palaeontological evidence as to the marine origin of the Bok
beds is absolutely conclusive, but even if this were not the.
is contended by the author that a comparison of the per
composition of the Bokkeveld waters with that of sea water

out in Table 27, would definitely point to the marine origin
beds.

On palacontological evidence it is assumed that there
gradual change from the purely marine phases of sedmentation
the lower Bokkeveld to fluviatile or lacustrine conditions.
Witteberg period. -Du Toit (14, p. 228). A study of Table 17
however appear to indicate that salt water, or at least brackis!
conditions prevailed even up to the deposition of the Wi
quartzites. As regards the waters from the Witteberg qu
zone, it must be borne in mind that from the very nature 0
sandstones they would be less likely to retain connate sea wat
the underlying Witteberg shale beds, and being porous wou
in time to have most of the original salts leached out of the

(BRI
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XVIL—THE WATERS IN THE DWYKA SERIES OF
KARROO SYSTEM.

The Dwyka series, the lowest member of the Karroo sys
of course, of very great geological interest on account of its
origin, but from the point of view of this study it is not g
important as some of the other members of this group, for €
the Beaufort series, for the areas directly underlain by Dwyk-
are somewhat sparsely populated and contain few centres of impo

PN

P

DISTRIBUTION AND RAINFALIL.

In the Transvaal the Dwyka series tends to be covered
Ecca series. Small outliers of the Dwyka tillite occur in th
Transvaal in the Witbank, Middelburg and Pretoria districts,
formation is very thin and of small extent and of no import
this study. __

The Dwyka series forms the rim of the vast Karroo b
partly encircles the central portion of the Union, South of the Ti
In the South-East Cape the formation disappears beneath 11

Except in the Bechuanaland, Calvinia, Prieska, Hopet
Kimberley districts, the exposures of Dwyka tillite form
belta Tn the Transvaal and Cape Provinces the only centre

1

s )

c R et B3 e
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s concerned are those with limited rainfall, so that op ac
cted circulation in the rocks, the process of dilution °ot
W one. : WO

TABLE No. 16.-~BOKKEVELD SERIES—CAPE SYSTEM. 107
" 1
n the case of water from the Malmesbury saltes, g comy ple Numbers.................oo . . 3524 352D 3520 251 209 250 5
‘erage percentage coinposition of Bokkeveld waters Wi’thii i — i ;
ater is most striking. This comparison is given in Tabie Parls CaCO, per 16° Water : ‘ : 1 [ 60 2350
. R A0 . 2
same relation between the constituents obtain as ip the 1 Solids {at X0O6%) .. ..u ool iiien, [ 3600 | 2390 2310 | 21300 trz-o 387-0 274 5
¢ waters, Le. CI> 80, > CO, and Na> Mg> Ca. PSS 43-0 423 545 | 190 - 5000 5205 ba —
range Alke e e . _
1 be noted however, that, instead of the magnesigm al - .. 1680 88-0 zoeo | 49-0 480 700 152 198
ng the average CaO : MgO ratio is 1 - 096, though ip 5 L Hardpess oo P o — S -8 T34 —
e ratio is ¥ 1 2-6. It must be borne in mind that ther manent Hardness....... ..o 135-0 455 5-5 — o —
‘m to be slightly calcareous, a fact which is reflected i, : . Poszro L 425 544 1970 - se-e 523
t sweet nafure of the Bokkeveld sojls. smporary Hardness.......... o P 56°0 10-5 21-2 54-0 51-3 torae .
ontological evidence as to the marine origin of the Bokk riness due fo G Sl oo 600 jor0 1 385 28 1 160 | 610 -8 T
bsolutely conclusive, but even if this were not the ¢as dness due to Mg Salts................ 1 j ) B - = : Nit Nil e
ded by the author that a comparison of the Dercentll  dE o A labinity. Lt N} N R - A
on of the Bokkeveld waters with that of sea water a4 s = B
wble 27, would definitely point to the marine origin of ¢ Parts per 10° of Water : o
S0 e o 202 28 LS R A e -
»nlaeontological evidence it is assumed that there s fax SO0 ooz | ooz | o1 - - L= Wil
1ange from the purely marine phases of sedmentation duf @B Bluorides (s Floivov e - = - - Wil
Bokkeveld to fluviatile or lacustrine conditions FEEILOS . e e L L - "~ -
“period.  Du Toit (14, p, 228). A study of Table 17 - Nil i o3 03 1 — - . T AR P
Pppear to indicate that salt water, or at least brackish dirates (as NOploo. oot — 106 36-3 153°0 | 05-% 210 “'
+ prevailed even up to the deposition of the Wit : O 1520 oo | Taeo T - P .
As regards the waters from the Witteberg qua oy T 530 L 380 3270 ey e SRR
test be bome in mind that from the very nature of phates o S small . small Smait
s they would be less likely to retain connate sea water \:l:.l,:li,l}f 1 _.\?Jiiimt Amount ; R o -
lylng Witteberg shale beds, and being porous would otassinm. 5?‘“‘“:‘; """"" AR : PSS SR — -~ — - 74
« have most of the original salts leached out of the VAIOS. oot o oee e e pro 76 7k : '
iE WATERS IN THE DWYEA SERIES OF Percentage on ‘Total Solids : : .
- KARROO SYSTEM. : ’ : S og | 1 L e i1 o7z 1 095 o
Wwyka scries, the lowest member of the Karroo 8ys i A R P fz-B) 166 78 104 100 97
of very great geological interest on account of its LS 3o ] Sl o 40
from the point of view of #his study it is not q L mn 9 o m 3 b — 123
as some of the other members of this group, for e SR T e 520 32-0 395 | 3475 38-5 4125
Tt series, for fhe areas directly underiuin by Dwyka - p - 132 | 160 1507 13:45
1at sparsely populated and contain few centres of impo A RS M e - il : Nil Nl N
DisTRIBUTION AND RarNrFarr. i S o A o 675
; i . o 1 180 410 3575 38775
Transvaal the Dwyka series tends to be covered {465 3s-e o 520 1 2300 43 e
Small outliers of the Dwyka tillite occur in the S ez a8 14-0 — s 21-8 24-0 20+
n the Witbank, Middeiburg and Pretoria districts, b S - P TE-4 1454
$ very thin and of small extent and of no import emporary Hardness (as CaCOq). ... L9 4 g o -( : 96) o : To7 | 11096
. : ot ome | s opex 110 Iz FOte
wyka series forms the rim of the vast Karroo bas tie CaQ) @ MgO...... DR AR, R T e -
cles the central portion of the Union, South of the Ttz

h-East Cape t
in the Bechuanaland, Calvinj
districts, the €Xposures
- ¢ Transvaal and Cape Pr

2, Prieska, Hopeto
of Dwyka tiilite form
ovinces the only centres i




108 DESCRIPTION OF SAMPLES IN TABLE No. 16,
S‘%’:fle ! District and Province. Blgzgléﬁl_c ! Locality, Description and Remarks.
o Feet. N
352A Willowmore, Cape Province.... .. e l - Municipal borehole, Wehmeyer Street, Willowmore. ...........
o 3528 Willowmore, Cape Province........ ......... . e Municipal borebele, Knysna Street, Cape Province
i} 352C Willowmore, Cape Province........ ... . — % Well, Mrs. du Plessis, Willowmore,. ... .... e e,
_:og ' Willowmore, Cape Province.....o...o...... | - J Weil at Antonic Siding {Anal. Juritz)... B R T
) 250 V-vtx_iowmorc, Cape i’?o?rince ..... e . 19 Well at Whpgat (Anal. Jusitz 145). .00 oo oo L
252 Willowmore, Cape Provinee........cooun.., 35 Well at Landdrost Plaats {Juritz Ref. 145)........... e
- 419 Qudtshoorn, Cape Province....,......... ﬁ_'— S Borehole at Armoed {Dr. Qckerse—Anal, DCS)..... ... ...
251 | Caledon, Cape Province 4zo ! Porchole at Caledon (Anal, Juritz 150).... B

110 DESCRIPTION

e !

E"‘I‘&?l" i District and Province. B}%
1

Laingsburg, Cape Province

Albany, Cape Province . ...................

Warcester, Cape Province

Laingsburg, Cane Provine

Albany, Cape Province

Uniondale, Cape Province

Uniendale, Cape Provinge

Prince Albert, Cape Provinee. .




{ TABLE No. 16.

Locality, Description and Remarks.

Date.
i borchole, Wchmeicf_ Street, Willowmore.......... .. ‘ 10/ 4/41
ivrborehole, Knysna Street, Cape Province............. {m
5. du Plessis, Willowmore,. ............... .. RPIPI A m;'(:/m
Antonie Siding (Anal. Juritz)... .. BEEEE T PR T __:LS?
Kiipgat (Anal. Jufitz 143)-. ... ..o oL zgzmstN

———

................... 908
at Armoed (Dr. Ockerse—Anal. BLCS) ..o 3 1940_“
2t Caledon, {Asal: Jutitz 140) 1908

TABLE No. 17 —WITTEBERG SERIESCAPE SYSTEM. 109‘
o SuaLr Beps. o
Lo | L o253 (a) Average
CCry per ¥o© Water : ! | g
._hcis {at 106"}, .. .. 430 ; 1075 1530 854-53
Orange Alkalinity... 22+8 1 1741 10-8 19-5
..arducss ............ 337 2000 f 62-5 AU
ent Hardnoess.... . ... 2.0 517 Nit
ary Hardness.. .. ... 5 A AT S R (R ; G2
ss due to Ca Salis. .. 95 153 473 IA
;-‘,s due to Mg Salts.. . 2 119 | lo-5 472 {w 200 )
............ Nt xil o -3
|
’: 7 154 201 P50
I N R N
21-0¢ 4271 - Y P
R P67 A; £ 39
; - — i - i
sEntage on Total Solids ¢ |
.................. f 470 T4 T4 e
................. \ 28-0 49 56 | 29 .
—— .............. Ir-2 3.9 | Ta-g 14 ]
----------------- 483 390 53-0 32-5 290 570 43-0 38-0 350 194
................. 6-5 G-z | 371 47 ; 2o 1 X2e0 G-y 5-8 8-4 37 ;:-N—G-("__
Ikalinity {as Na,CO,) Nil Nil Nil [ {14-35) ! il Nit Nil . Ni Nit Pow
Hardness {as CaCO,) {78-0) 18-7 310 ﬁ (B-4) ‘ 200 324 215 1 240§ 500 | 31-8
ardness (as Ca,CO,) 252 27 3470 (Nl | 108 {or4) 16-3 | 190 L 3775 ; 176
Hardness {as CaCO;) 1 5370 169 70 {8-4) 370 E 33-0 54 50 7 _330 14°1
CaO WIgO ......... “ I:0%4 l Tie8 | oxze2 105 I‘ 0-37. 105 I:1-4 1 Iy :Iw 1z 3174




DESCRIPTION Oi? SAMPLES IN TABLE No. 17.

IIiX

importance on_the Dwyka formation are Kimberley, Hop
dtten, Christiana, Laingsburg and Prince Albert. In Nat

Y0
Sa{pplc ! District and Provi T orehole e — Tillite forms narrow belts of country moze or less paraliel to t
R i by @ TOV 3 P . :
o ovines | “Depth. Lacality, Deseription and Remarks. d the only centres of importance are Stanger, Camperdown aiu
ey : : North-East Durban.
54 | Laingsbusg, Cape Province | Feet. ; - T The rainfall on the Dwyka formation in the Cape Provi
s g B, Lapo FOVINCE. . oL .. H A 8 -1~ . . . . -
T - Lape Province.. .o {400 | Borehole at Tweodside {Juritz 162, Amal. Govi. Labl....... n the whole, very poor but higher in the Western Transva
253 Albany, Cape Provinee i e o doland :—
¥, LApe LTOVICE. ..ol : 120 Horchole at Alcedale {(Co T ey o ~ on a .
| | B e O Sy S o351 | o
............. Ra:
Laingsburg-Prince Albert area............c....-- 5
z

CAlbany, Cape Province............ .. .. ...

Borchole at Alicedale (Anal. Juritz r57)

Calvinia, Gordonia, Kenhardt, Bushmanland districts S

: Borehole at Constable {Anal. Juritz 157)

i Borchole at Tweedside (Amab ] Gravdoooooo oo

Borehols at Alicedale (Anal, ]:M(;my) ....................

Vryburg area..... PSP 5o
Pondoland...... e e R [
Natal Coastal areas......... e U
Bloembhof-Christiana....- .. e R, PR

‘ Spring water No. 3, Toverwater Poort (Geol. Survey Memoir 32
N0 3BT e : i

GEOLOGY AND LITHOLOGY.
There are several natural occurrences of some economic imf

¢ Spring ;\'z;_te‘: Nao. 1, Toverwater Poort (Geol. Survey Memoir 32
T T T . ,

-
i

cated on the Dwyka series, for example, the large number

=6

| Well, South side of Prince AThort....... oo iiiirrnnenn

pans, some of them large producers of common salt, are locate
Kimberley district in the Cape Province and between Christk

Britten in the Transvaal.
The carbon dioxide springs in Northern Pondoland and th

County, Natal, described by R. B. Young (30), and also by
(31) also arise in the Dwyka tillite, while the travertine marble
bear Port St. Johns described by Kupferburger {32) are ass0cia

these waters.
The Dwyka series is of limited thickness as compared

ther members of the System.

The formation has been divided by geologists into th
hajes, Glacial Tillite, and Lower Shales, but in many Pl
atter lower shale beds are absent, while in other places both ¢!
nd the Upper shale beds are missing.

The tillite is essentiaily an acient ground moraine, but
boulder-shales and fuvio-glacial beds are also present.

The tillite varics somewhat but is generally a very com
® very hard, fine grained impervious blue and green material,
L of particles of various rocks embedded in a fine grained an
[ matrix, in which are also scattered irregular pebbles and be
variety of rocks, some of them being glacially © striated

What is of particular interest to this study.is the fact
ut by Gevers (31, p. 250) that the Dwyka tillite {like all glas
ntains more fresh and decomposable primary rock mati
ny other series of the Karroo system, with the exception
i the Karroo dolerites and Stormberg lavas. The bearir
1 the composition of its waters is discussed later.

The thin © Upper Shale” beds above the Dwyka tilli
% black in colour and carbonaceous. Occcasionally the sta.
£ar its base, phosphatic nodules, as well as concretions of
ad dolomite. There is generally a fair amo
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rtance on the Dwyka formation are Kimberley, Hopetown,
en, Christiana, Laingsburg and Prince Albert. In Natal the
e forms narrow belts of country more or less parallel to the sea
he only centres of importance are Stanger, Camperdown and parts
orth-East Durban.

The rainfall on the Dwyka formation in the Cape Province is,

the whole, very poor but higher in the Western Transvaal and
doland :—

Annual

Rainfall,
Laingsburg—Prince Albert area. e Y
Calvinia, Gordonia, Kenhardt, Bushmanland dlstrzcts 5"-10"
Vryburg area..... et tieserneeaaneaeeanen. I5-20"
-Pondoland...... e b reienseeenereeareaees. 40"=530"
Natal Coastal areas......... e 40"~ 50"
Bloemhof-Christiana......... Ceeaeeeneneaee., I537-20"

GEOLOGY AND LITHOLOGY.

There are several natural occurrences of some economic importance
ted on the Dwyka series, for example, the large number of salt
s, some of them large producers of common salt, are located in the
berley district in the Cape Province and between Christiana and
ten in the Transvaal.

The carbon dioxide springs in Northern Pondoland and the Alfred
nty, Natal, described by R. B. Young (30), and also by Gevers
also arise in the Dwyka tillite, while the travertine marble deposits
Port St. Johns described by Kupferburger (32) are associated with
e waters,

The Dwyka series is of limited thickness as compared with 'the
r members of the System.

The formation has been divided by geologists into the Upper
ales, Glacial Tillite, and Lower Shales, but in many places the
r lower shale beds are absent, while in other places both the Lower
d the Upper shale beds are missing.

The tillite is essentially an acient ground moraine, but in places
ilder-shales and fluvio-glacial beds are also present.

- The tillite varies somewhat but is generally a very compact and
hard, fine grained impervious blue and green material, made up
articles of various rocks embedded in a fine grained argillaceous
trix, in which are also scattered irregular pcbbieu and boulders of
ety of rocks, some of them being glacially “ striated ”

- What is of particular interest to this study.is the fact, pointed
by Gevers (31, p. 250) that the Dwylka tillite (like all glacial clays)
tains more fresh and decomposable primary rock material than
other series of the Karroo system, with the exception perhaps,
the Karroo dolerites and Stormberg lavas, The bearing of this
he composition of its waters is discussed later.

The thin “ Upper Shale ” beds above the Dwyka tillite is blue
black in colour and carbonaceous. Occcasionally the stage carries,
r its base, phosphatic nodules, as well as concretions of limestone
dolomite. There is generally a fair amount of sulphides of iron
the form of pyrites and marcasite, sometimes in nodular form.
s iron sulphide content of the Upper Shales has, as will be shown
1, an important bearing on the composition of the Dwyka waters
certain areas. Analyses of the Dwyka tillite rock are given later.
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Fluorides are sor
‘at Brandvlei in the
in this area may be a
in the tillite in the N
.granitic terrain of tt
the Old granite of ti

Chlorides natur
when expressed as :
consistently high, as
The chief chara
the striking consistex
15 per cent. SO0, ©

- waters of Natal are
- (less than 2 per cer
- with as high an 50,

UNDERGROUND WATER SUPPLIES, _

The Dwyka tillite is hard and very impervious; the pore
being only a few per cent. Du Toit (2, p. 122) points out ho
that in spite of this and the low rainfall, good supplies can be ob
by boring in many places in the Southern Cape Province (e.g. M
fontein and Prince Albert), owing to the fact that the rock in
areas is strongly cleaved and jointed. In Natal, Zululand and P
land the Dwyka tillite is uncleaved and only slightly jointed. .
fore in spite of the high rainfall in these areas the yields are lo
boreholes few and far between. Gevers (31, p. 248) also refers :
imperviousness of the tillite in Natal, and the resultant pauc
boreholes in that formation.
Frommurze (3, p. 156) furnishes the following data regardl
Cape Province, but gives no details about the tillite in Natal,

Average Yield

The average Ca
to be found.

The very high
SO, and Cl. conter
Group A. The uti
purposes is dealt w

Some of the w.
300 parts total soli
not only totally w
suitable for human
‘saline for watering
in the case of loos
Most of the s¢
situated on the Dws
- areas of the Union,
" In the Western Tr

in Gallons.  Average  Per: ~ waters of the Nort

per Diem. Deﬁzﬁhs Fail Ecca series in the (

Laingsburg—Prince Albert ' Na,CO, or Hal

ATCAS. v e vie et e 15,000-40,000 Under 100’ instead there 1s alw:

Calvinia, Kenhardt and 16 per cent. (as CaCl

Bushmandland districts 27,000 Under 100’ are scale-forming; t!

Vryburg............... 28,000 Under roo’ up about 28 per ce
Gordonia.............. 11,500 200" or more

QUALITY OF THE WATER.

(1) In the Cape Province and Western Iransvaal.

There are very few towns or villages situated on the D
series, while in the North-Western Cape the country is very sp:
populated. Furthermore, many boreholes have been abando
account of the high salinity of their waters. The author the
had difficulty in collecting samples and has been obliged to
among his anlyses, data from other sources, which wunfort
were not complete. He is indebted to Dr. T, Ockerse for anaiy
of several samples of Dwyka water from the North-West Cape
also made use of some of Dr. Juritz’'s analyses made about

In Table 18 the analyses of fourteen samples of Dwyka w
given from widely separated locahtles covering the formatio
well. .

Analyses of “ brine ™ from the numerous salt pans, situe
the Dwyka series in the Cape Province and Transvaal are not 1
in the Table as these are regarded as abnormal concentrations
Dwyka water. Reference to these Dwyka *“ brines ™’ is made .

The concentration varies considerably and depends obvious
climatological factors, but is never low, averaging about I5
per 104, '

The pH. varies but appears to be on the high side (’Lverag,
though data are insufficient to allow of generalisation.

brines from inland |
table two analyses
Britten pans, are
33} and for comy

A characterlstic is the low soluble silica content. This ¥ Water, taken from

little but is always low, averaging 3-0 per cent. of the tota
As previously mentioned all saline waters have a low silica ¢

Subsequently a ch
hmn s salt pans in 19
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Fluorides are sometimes present but in very small amount, except
randvlei in the North-West Cape. The larger amounts present
is area may be accounted for by the fact that part of the inclusions
e tillite in the North-Western Cape at least, was derived from the
itic terrain of that very region. As shown in a previous section
0O1d granite of the North-West Cape gives rise to fluoride waters.

 Chlorides naturally vary according to the concentration, but
en expressed as a percentage of the tofal salts are found tn be
1sistently high, averaging 30 per cent. Cl.

The chief characteristic of the Dwyka waters in these areas is
e striking consistency of the sulphate content, which averages about
per cent. SO, of the total salts. On the contrary, the Dwyka
ters of Natal are charactertsed by the very low sulphate content
ss than 2 per cent.). The only other formations yielding waters
th as high an SO, content are the Bokkeveld series, the Old granite
ters of the North-West Cape, and, to a slightly less extent, the
ca series in the Cape Province.

Na,CO, or HaHCO, are never found in the Dwyka waters, but

‘hat the rock in ;

- Zululand and Pcfgllgz?

ghtly jointed. There.
-he yields are low apg.
- 248) also refers to the'

» resultant paucity of

- ng data regarding f},
tillite in Natal. s e

Awverage Per cent
Depths. Failupes,

nder 100’ 20 stead there is always an appreciable permanent hardness averaging
de , per cent. (as CaCO,) of the total salts. About 48 per cent. of the salts
nduj 100’ 30 cale-forming ; the bicarbonates of calcium and magnesium making
I} oil ni%?e 30 bout 28 per cent. :
o 44 The average CaO : MgO ratio is 1 : 0-92, but ratios of 1 :2-0 are
e found.
- The very high salinity of the waters and their relatively high
Lransvaal,

), and Cl. contents automatically place them in the saline water
p A. The utilisation of and chemical treatment for industrial
oses is dealt with under Group A.

Some of the waters, namely those having concentrations of over
parts total solids, from the North-West Cape in particular, are
t. only totally unsuitable for industrial uses, but are really only
table for human consumption in an emergency. A few are even too
ine for watering livestock and, for irrigation, should only be used
the case of loose, well drained soils.

Most of the salt produced in the Union comes from salt pans,
ted on the Dwyka tillite or Dwyka shales in the more arid Western
s of the Union, from Calvinia right up to Britten near Bloemhof
he Western Transvaal.

lated on the Dwyka
ntry is very sparsely
been abandoned op
[he author therefore
n obliged to include
which unfortunately
Ockerse for analyses
‘h-West Cape and has -
made about 108,

of Dwyka water are .
the formation fairly

Although some work has been carried out regarding the origin
e pans Du Toit (14, pp. 424-425) the origin of the salts in the
nes appear to be a matter of controversy and little or no work has
done on the subject.

In view of this fact the author has worked out the relationship
een the composition of the brines and the ordinary Dwyka
nd waters. Curiously enough very tew complete analyses of the
es from inland pans appear in the local literature.* 1In the following
two analyses made by the author in 1922 of brines from the
itten pans, are given, together with two analyses cited by Rindl
) and for comparison, the average analyses of Dwyka borechole
r, taken from the author’s Table 18.

At pans, situated on
vaal are not included
oncentrations of the
es ' is made later.

epends obviously on
ng about 150 parts

h side (average 7-6)
sation.

tent. This varies a-
. of the total salts.:
v low silica content.

ubsequently a chemical investigation hes been carried out on the brines of the
s salt pans in 1944 by the Salt Coramittee of the Directorate of Supplies.
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It will be observed that there is a close resemblance in perce ‘RN TRANSV
composition between the brines and the ordinary Dwyka wate :
taking into consideration certain factors. Sample
The percentage of chloride is higher and that of sulph: 368
usually slightly lower in the brines. There has been an almos - i
elimination of calcium in the brine and a partial elimination o Par
nesium, Consequently the total hardness is reduced consid |
These facts are, however, readily explained on ordinary 1 Total S & 46200
solubility, 1.e. the solubility of CaCO,, CaSO,L“ and MgCQ3 angi ] Methyl | oo
in a highly concentrated NaCL solution. That this is so is ———_ |
by the hard deposits found on the floor and rims of the pans.- Total B} gp00
deposits consist mainly of CaS0, and CaCO; with a sma.ller a Perman | g, .
of Na,SO,. — | %
Tempor 100
Sample Sample Sample Sample Hardne: . T
No. 1. No. 2. No. 3. No. 4. —
— Hardne: - o
Brine from|Brine from| DBrine? Brine? —_ 4070
Britten | Britten | (Rindl). | {Rind}). Soda A 3y
Pan, Pan. !
Specific gravity.......... 1-213 1200 — — F
Total sohds per 1o°.... . 25,000 20,000 19,700 25,320 -
Sili i
Per cent on Total Solids, :CB“_( 246
L0510 0-28 020 ¢ g0 0°09 i —
MgO.ovioiimorneriees . 400 . 325 070 1-6o Fluorid: Trac
Cleieiee cescnnnnnnonnns 4850 48-80 5500 5000 A €
1516 VRN cievees | 14°80 1180 560 1240 Nitrites |  wj; |
Soda Allnhmty. ....... Nil Nil Nil Nil e !
Total hardness (as CaCOQ 1050 G-8o 340 410 Nitrates Nil
Ratio Ca0: MgO........ 1:14°2 I:16°2 1:0-8 1:180 Chloride 230:0
Complete analyses of the Sulphat: 6.0 |
salts in the above - °
brines :-— *U q )
NaClivveeree vovnonens | 77°50 7652 9600 8400 Potassiu hder
L 3-24 6-08 — — . 03
MgSO4iveene veennnnns 1200 976 2100 4+60 pH., Va
NapSOqeteverevaconnos 7-10 558 3-10 1220 e 79
CaSOyer vivvenannas ‘e 050 0-48 2420 0+20 i
Pes
Thus the concentrated brines do not differ basically fro Si0,. | o6
ordinary run of Dwyka ground waters, and the problem of tl R
of the salts in the concentrated brines is bound up with the p C20..... 72
of the salinity of the Dwyka waters, which is discussed lat ST B
The origin of the high chloride and sulphate content of the o .
waters in the Cape Province and Western Transvaal is discuss el s7o
. SO.@- e I- e
(i) Quality of the Dwyka Waters in Pondoland and Na o x ( 5}__,_
" * " : O a’ 1
The paucity of boreholes situated in the Dwyka of N — Nll__m_
already been mentioned, but the author has managed to co E_?El_f 230
analyse 6 samples of borehole and spring water, and has Perman| o —
one analysis of Dwyka water by another analyst. The r ~T——-—~_’ 5 1
also shown in Table 1g. The districts covered are the OMPOr (5.5)
f . ‘ )
Camperdown, High Flats, Umzinto and Lower Tugela distri Ratio ¢
106 {
Natal. S armuige; SRR
e

In strong contrast to the highly saline Dwyka waters of
of the Union, the total solids average only 44 parts per 10’
as compared with about 150 parts in the case of the formy
This fact can be accounted for partly by the h1g11 and regula




nce in Pereen
vyka waters 4

%
Sample Sam
. Dle
Ne. 4- No, 5.
Brine? Avi
Rindl). | Duyler
Waters,
— m_———u
25,320 B
O :
009 1260
1-60o 11-60
50100 3020
12140 148
Nil B
4-1o 4800
180 I:049 ;
e
1400
4-6o
2-20
620

ically from th
em of the origit
7ith the problem
ssed later.
nt of the Dwyk
3 discussed Iater,

and Natal.

- regular rainfall

TABLE No. 18.—DWYKA SERIES—KARROO SYSTEM IN CAPE PROVINCE AND WESTERN TRANSVAAL,

115
iple Numbers........ .. ...... 384 383 381 380 224 295 255 257 360 362 368 256 360 496 Average
arts CaCO, per 10% Water : 3
Solids (at ¥60%........ ... ... 355-0 3260 778 576 82-0 68-0 166-0 134-0 8g-0 334 4020 136-4 560 95 1487
‘_"yl Orange Alkalinity.......... 48 3g-0 380 30-% 385 25+5 223 35:0 36-0 220 10-0 46-0 315 258 —_
Hardness..ovvvnnoiinnaeon,, 2108 89-0 430 36-1 46-8 344 41-0 478 7440 _28-8 920 707 35-0 46-8 —
anent Hardoess.............., 206-0 500 5-0 G0 8-3 8.9 187 12-8 350 _6-8 i 82-0 247 | 35 z21-o =
iporary Hardoess.............., 4-8 39-0 33-0 30-1 33-3 255 22-3 35-0 39:0 220 ! 10-0 16-0 ‘ 3i-5 25-8 -
'f}ncss duc to Ca Salts.......... 54-8 325 150 11-g 2z-8 20-3 29-0 26-8 28-0 14-6 i 520 1049 15-0 302 —
dmess due to Mg Sals......... 1560 565 28-0 z24-2 z4-0 T4-2 1z-0 200 46-0 14-2 7 400 60-0 20-0 16-6 -
2 Alkalimity................... Nil il Nil Nil Nil Wil Nil Nil Nii il il Nil Nil Nil -
Parts per 1o* of Water:
ca (as Si0y)....... —_— — — — 32 2:0 20 2-3 4'4 2-8 26 17 1-8 15 R
Under ‘
orides (as F)oo..oooL.oaaL, 003 o-18 0-03 o-0z 002 o-o1 — -— Trace Trace Trace — -1t — —
1323 SO il Nil il — Present Nil —_ — Nil Nil Nil —— Nil — —
iirates (25 NOgh................ il Wil Nit — x2 it — — Nit 2.8 T — 2-4 — —
orides {as Ch....... ... ... ..., 1470 95-1 12-8 71 177 18-8 73°C 48-5 20-6 24 230-0 20-3 145 2406 =
hates (as SO ..ol oe. .. 770 1000 §-g 4°Q 815 54 112 1140 93 24 6-0 300 2-0 205 B
Under Under Under 1 Under Under |
tassivm Salts......... .. ... .. -3 -2z [ ] 0-07 o5 05 — — a5 Trace | -5 — o-5 | — —
Values..........ooiiiiai.. 76 g1 74 75 6-9 7-6 e — 78 7-8 : 7'9 - 8.0 e '?6 7
Percgptage on Total Solids I[ E i
.............................. - — - g — 3-9 : 29 I-13 17 49 &3 : 063 13 3z 1-57 30
............................ 86 55 10-g :2-;_ 15-3 16-6 9°g 1102 1745 250 72 A4 150 17-8 12°6
............................ 17°8 6-9 142 16-7 9-8 8.4 z-8 G2 z0'6 | 166 4-0 17-6 132 - 71 11-G
............................ 41°5 2G-0 162 (12-3) 216 275 44:0 36-3 23-0 {7-1) 570 14-8 26-0 250 30-2
............................ 203 30-0 112 B -6 0.0 8o 6.8 8-2 102 7z (1:5) 220 {3-6} 21-5 148
a Alkalinity (as Na,CO,)........ Nil | Nil Nil Nit Nil » Wil il il il Nil Wil a Nil Nil Nil Wil
al Hardaess (as CaCOg......... 660 é 2¢:0 55-0 62-5 57-0 50-5 247 35-0 83-0 89-0 23-0 51-8 620 495 48-0
manent Hardness {as CaCOy).... (530} 15-2 6-3 - 11-3 10-1 13-0 11-2 -8 39-0 20-3 205 19-8 6.2 223 15-8
porary Hardness {as CaCO,).. .. (1-4) | 118 48-5 52-0 470 ‘ 375 134 26-0 4470 665 {z+5) 336 560 |  27-5 278
io Ca® : MgO.. ... I:20 E 1102 11 144 I :0-63 05 1003y 1 :o6 -2 I 07 ' 106 (1 40 J I:08 I:04 It 002
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DESCRIPTION COF SAMPLES IN TABLE No. 18.

Si\r;no?]e District and Province. Bﬁ’:{};g{e 1 Locality, Description and Remarks, Date.
Feet.
384 Calvinia, North-West Cape......oovevininn.. — Borehole at Loriesfontein (Dr. Ockerse, Anal. Div. C8) .. ....... 1940
185 Calvinia, North-West Cape.................. — Borehole in Brandvlei (Dr. Ockerse, Anal. Div. C.8.)...... NP 1940
381 Prieska, North-West Cape. ... cveoooi... m Spring at Prieska (Dr. Gekerse, Anal Div.CS5)......... R 1940
380 Hopetown, North Cape. ..o ivravinnarrans e Borehole in Hopetown (Dr, Ockerse, Anal. Div. CS)...... ... .. 1940
224 Prince Albert, Cape Province.........vvvuu. — Borhole North-East of Prince Albert. .o, 8/x0/40
255 Laingsburg, Cape Province.................. — Boerzhole at Matjesfontein Railway Station............ ... .. .. 13/ 1/41
496 Laingsburg, Cape Province.................. e Borchole at Matjesfontein {Anal. J. Gray)................ cevv e | 22/12/19
255 Kimberley, Cape Province. ..ot 360 Borehole in Beaconsfield (Anal. Juritz Ref. xp7) ... L. P, 1908
360 Kimberxley, Cape Province................... 70 Borehole near Moerton Siding. ... ... e e i 16/ 6/41
257 Willowmore, Cape Province, . c.ovvvivnena. 77 Borehole in Miller (Anal. Juritz Ref. 178)..........oiiiii L, 1908
36z Jacobsdal, Cape Province..........covevnns —_ Borehole on farm Gouwskraal 1oo, about 1 mile North-West of
Nelsdrift). .. ......... R 16/ 6/41

368 Bloemhof, Transvaal................. PP So Borehole 3 miles West of Britten on Main Road to Christiana | 16/ 6/41
256 Vryburg, Cape Province................ ca 145 Borehole in Vryburg (Anal. Juritz Ref, 184}, .... ........ P 1908
369 Bloemhof, Transvaal... ... .. i enon o Borehole in Chlf_istiana. e et e e ... tun., 19471,

Sample Numba

Paris CaCl
Total Solids (a_

Methy! Orange

Total Hardness_

FPermanent Ha

Hardness due 1

Soda Alkalinity
Paris po

Silica {as SiO,)

Fluorides (as 1_

Nitrites. ..

Chiorides {as €

Sulphates (as !
Potassinm Sall
PH. Values. . .

P

Porcentag

T
Soda Alkalinit
Tota} Hardnes

——

Permancnt H:
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TABLE No. 19.—DWYKA SERIES—KARROQ SYSTEM IN NATAL AND PONDOLAND.

I17
NaTAL. ‘l ' PONDOLAND SPRINGS,
e T i ] 3 | 1 ;
pie Numbers......... ... .. .., 296 74 1 337 : 344 ! 379 525 i 517 Average 540 ! 547 342 : 543 { Average
i | i | E
: ! i é | |
Parts CaCO, per 100 Water: l i { ! i
i i : i
; | i : :
1 Solids (at ¥06%)............... | 350 35°7 318 310 @ | g T 4477 s35:0 (281570 | 4172 | 41600 @ 9ereo
yl Orange Allalinity.......... | 125 200 18-5 g0 348 125 | 1900 | — 638-0 | 53570 1e7-0 2035 L —
j ) i j . - e ! : _
P Hardness. Do o i 11-2 20-4 20-0 E 14-4 35-3 . 18-7 1 280 — 1580 220-0 I42-0 1485 -
nanent Mardnmess............... | Nil o-4 15 : 54 o5 ! 6.2 | g-0 —_ Nil Nil Nil Wil -
_ S [ )
poraty Hardness............... , 11-2 200 18-5 ! 90 1 34-8 125 {190 —_ | 158-0 | 2200 142-0 1485 : —
3 ! L i i i
ness due to Ca Salts.......... ‘E 4-G 10-5 r1-2 i 48 | 150 5.0 197 f —  i08-0 1100 88-0 I gz:0 —
: | - b A - —
GG 99 8.8 96 | 2oy | 137 8.3 ; — L A S R I I 565 —
1-3 Nl | Wi : i
2-C 2-0 t 1-8
Tnder |
oro1 | 001 Trace
b} —
Nl Ny N
Nii ; oz 0-06
—
Under ’ + Under : Under
0-1 b Trace 0-1 . lrace [ R ; c-5 0-5
e o] . - N Ry PP
6-g P B0 68 | S0 ] 6-8 R0
s com | }.... S S,
: ! : :
i i o4 ! 54
i ' {20 -0}
5 s e —
: { S0
17-0
— s
oda Allcalinity (as Na,COu........ Nil
otal Hardness {as CaCO,) 5 (75-0)
ermancit Hardness (as CaCQOy).... | 4 (242}
gmporary Hardness {as CaCOg.... : T 50-8
N e e e : !
MeO ol




TABLE No. 19—~DESCRIPTION OF SAMPLES FROM DWYEKA SERIES, NATAL.

No District and Province. g Bf)};;}zgle i Lo'calif.y, Description and Remarks, U obate
Feet. ) ,
296 Harding, Natal... ... .. .. oo oiaaiill. — Borehole at Enquabeni School....o ool 27/ 1/41_
174 Camperdown, Natal....... ... ... ... ..., 70 EHBorehoIe at Camperdown (Scheferman's residence). .. .. ... - 21/ 5/40 )
337 Camperdown, Natal........................ 8o Borehole at Eston..... ... oo 20/ 3/41
i 517 Camperdown, Natal....... ... .o 200 Borehole at Urnlaas Road. .-.o. .o ooomoeoe o 13/ 3/42
344 Natal. ... — Spring, Umbhlabatzan No. 8215, ¢ miles South of Highflats.. ..... 1/ 4/41”
©wo | Uninto, Natal South Comsto oo |~ Dorslole at Umdinto, South Coast {1as0). Analysia Govt. Laber- |
525 ; Lower Tugela, North Coast, Natal.......... - ] Borchole at Chalaa’s Krz:zm\-l, Residence on Main Road............ 27/ 3/4%
) 540 | Port St. Iohns, Pondoland....... oo oot - - Spring, Isinuka, Port St. Johns {Anal. Juritz}. ............ et 1go8
P41 | Fort St John, Pondoland...eoo oo TSRO W en Trvertine fepostt, Tort SE Joms (0BT L
542 Bizana County, Pondoland.. ............... — “ Cone " Sprin-g. Umtamvuna., near Bizana {Anal. B. Segal).. 1941
543 Bizana County, Pondoland.. ............... — * Mound " spring, Umtamvuna. near Rizana (Anal. B. Segal}.. ' 1941
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atal compared with the West. Like the Dwyka waters of Pondoland
the West, the silica content is very low, averaging 5-4 per cent.

1s, moreover, most consistent.

Only minute arhounts of fluorides were found, even less than in
case of the Western Dwyka water. This can be readily explained
he following grounds :——

The detrital material in the Dwyka tillite of Natal is also
largely made up of pebbles and fragments of Old granite, but
the “ Old granite”” of Natal unlike that of the N.-W. Cape,-
appears to be singularly free from fluorspar or other fluorine
minerals, a fact reflected in the zero fluoride content of the waters
‘of the Natal Old granite (Table 2).

Though small in actual amount, the chloride content is relatively
, averaging 27 per cent. Cl. of the total solids.

The sulphate content is extremely low, averaging only 1-5 per
SO, in terms of total salts, compared with the 15 per cent. in
ase of the Pondoland Dwyka waters and 15 per cent. in the case:
e Western Dwyka waters.

Now the consistent and high sulphate content of the Dwyka
rs in the West of the Union and in Pondoland can be partly
ained through the oxidation of the pyrites and marcasite present
e upper beds of the Dwyka series. Du Toit (14, p. 246) mentions
the soil lying on top of the Upper Shales in the Cape Province
ten impregnated with cryctals of gypsum resulting from the
ation of the sulphide minerals and the subsequent neutralisation
e H,50, thus formed by lime from the calcareous nodules and
s. In describing the lithological characteristics of the Pondoland
ka, Du Toit (34, p. 25) also mentions the occurrence of nodules
tes and marcasite in the zone above the tillite. It would appear,
ver, that in Natal the Upper Pyritic Shales are missing.

Sodium carbonate or bicarbonate appears to be rarely present in
Natal waters. Instead there is generally a very small permanent
ess showing, averaging 3-0 per cent. as compared with 15 per
in the Western Dwyka waters.

The total scale-forming compounds average 44-3 per cent. as
s, while Ca(HCO;), and Mg(HCO,), (temporary hardness com-
ds) average 42-0 per cent. There is usually more calcium than
esium, the CaO :MgO ratio being 1:0+7, and in this respect
waters are similar to those of the Western Dwyka waters.

The cause of the relatively high Cl. content in the Natal waters
clic salts carried inland by prevailing winds, since the Dwyka
are exposed at no great distance back from the coast.

Du Toit (14, p. 488) states that, though the tillite in Natal is
o productive as in the west of the Union, it invariably yields
water, Compared with the highly saline waters of the West and
of the deep seated Pondoland springs, the Natal waters may
ar to be fresh, but this is only relative. Actually these waters
oderately hard and slightly saline, though not exactly brackish.
author has accordingly placed them in his slightly saline Group
and the treatment and utilisation of these waters will be con-
ed under that group.
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Apart from this
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It may be stated here that these waters are potable and sy
for domestic use, irrigation, watering livestock, and, after appro
chemical treatment, for most industrial purposes, but as far a
feed is concerned, the relatively high Cl. figure is a deterrent
chlorides would tend to accumulate,

The author was unable to obtain samples of water
Pondoland and has therefore relied on the 4 analyses of spring
cited by Gevers (31), shown in Table 1g. All these sampl
from springs which issue at the bottom of deep gorges mo
1,000 ft. below the surrounding plateau, and may not repres

general run of Dwyka waters in Pondoland, Si0g. .o
ALO;... ...

The chief characteristic of these Pondoland springs i Fe,O0,.... .,

extremely high salinity, the average of four analyses being 92 FeO.......
per 10° parts. TiO,........
. o . , MnO...... ..

At first sight this 1s very surprising  view of the high: CE?O

wn the Powdoland coastal areas (40-350") compared with the MgO..... ...
on the Western Dwyka (5-10"). ' " K,O. . S
The explanation given by Gevers (31, p. 24%) is that tl NaO........
concentration of salts is mainly due to the considerably greate PyOs.. ... ..
of percolation than is the case of the ordinary Dwyka waters ir COgunnnn
for as mentioned previously, these springs issue at the bot Hy,O +......
gorges, so that the water had to percolate along fault pl HyO —......
other lines of disturbance (the rock itself being imperviou Ratio CaO:1
Analyst.....

could issue as springs 1,000 ft., or more, below the surfac

plateau. Another strikin

very consistent and
SO,) which is very
Waters (15 per cen
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 of these Pondoland
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Furthermore, as already mentioned, the Dwyka tillite
other rocks derived from morainic material, contains more ir
decomposable primary rock material than most rocks in th

Another characteristic, which sharply differentiates the P
springs from Dwyka waters elsewhere, 15 the high sodium ¢
or bicarbonate content (15-0 per cent. of the total salts). Cons
no permanent hardness is present and the sulphates must b
in the form of Na,S0, instead of the usual CaS0, and Mgd
case of other Dwyka waters.

There is not sufficient data with reference to the pH. v
one analysis gives the figure of 7-2. This indicates that-
and not Na,CO, is present. :

The origin of the high NaHCO, carbonate content of thes
in contrast to those Dwyka waters of the West, may possibly
as suggested by Gevers, to base-exchange within the claye
mass of weathered Dwyka tillite along the fault planes, b
mind the great depth through which the spring waters have
in these areas, as compared with the average borehole in £
and Western Dwyka formations. '

Per cent. SiQ,).
The chloride co
f the total salts av
Cl. of the Western
These Pondolar
Western Dwyka wa
I NaHCQ, instead
- Needless to st
Otally unsuited fos

assified under the ¢
1 cnantant

Lindgren (33, p. 53) has shown that waters rich in
and bicarbonates of calcium and magnesium percolatin;
certain types of clays derived by weathering of igneous roc!
are converted into solutions rich in sodium ions by the partial
of celeivm and magpesivm for sodiym '
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- Apart from this the Dwyka tillite sock from Pondoland appears
have an appreciable alkali content (K,0, Na,O) judging from the
lyses cited by Gevers (31, p. 264). This analyses is given below
ether with one of weathered and leached Dwyka tillite from a
t fissure at the Bongwan Spring. This latter indicates the extent
which the Na,0 and K,O have been leached out by the percolating

ers Decomposed and
Fresh Tillite, leached Tillite
Bongwan.  from Bongwan.
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ng impervious) til it Analyst..... ... ol J. C. Dunne J. C. Dunne

»w the surface of the °
A . Another striking feature of the Pondoland spring water is the

consistent and high sulphate content (averaging 175 per cent.
) which is very much the same as that of the Western Dwyka
ers (15 per cent. SO,). As already stated this can be partly
lained by the occurrence of pyrites and marcasite in the Dwyka
te, but the author is not satisfied that such is the sole cause of the
gh sulphate content.
- The total scale-forming compounds are very much the same as
he Western Dwyka waters but there are of course, no permanent
dness-forming salts present ; as in the case of the Western waters
exceeds MgO, the average ratio being 1:0-34.
Gevers (31, p. 240) refers to the extremely high silica content
hese Pondoland springs (18 parts per 10% Si0,), but actually when
ressed as a percentage of the total solids they amount to 4-0 per
. an average which is in line with the 5-9 per cent. of the Natal
aters and 3-0 per cent. of the Western waters, so that the silica
tent can in no way be described as high when compared with the -
ica content of some other types (e.g. granite waters with 16-18
r cent, SiO,).
The chloride content is considerable and expressed as a percentage
he total salts averages 27-5 as compared with the 30-2 per cent.
of the Western Dwyka waters. _
These Pondoland waters are therefore very similar mdeed to the
estern Dwyka waters, except there is about 15 per cent. Na,CO,
- NaHCO,; instead of the 15 per cent. permanent hardness salts.
. Needless to state these Pondoland Dwyka spring waters are
tally unsuited for any technical or domestic uses and would be
sified under the saline Group “A”, though they have an appreciable
da content,
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In spite of great climaticedifferences, the similarity of all D XVIIL.--THE
waters (excluding those in Natal) is truly remarkable.

From the poi
of great importanc
on this than on 1
‘though not nearl
Furthermore, the
in -this formation.

In Table 27, the percentage composition of Dwyka and ¢
waters is compared with that of sea water, It will be observed
there 1s a marked resemblance to the latter though not so strik
in the case of the Malmesbury, Bokkeveld and Cretaceous w
which are undoubtedly contaminated by oceanic waters
percentage ot SO, is double that of sea water, but the extra
can no doubt, be accounted for by oxidation of iron sulphide
the tillite or Upper shales.

In the Weste
Pondoland, the ot
inside that of the

In Southern
narrow belts whicl
Natal and the T

Thin and venr
Hamanskraal and
along the Limpopc
In the Hamanskr
to tap the underly
Red granite water

Du Toit (14, p. 247) in discussing the origin of the *“ Upper D:
Shales” (" White” pyritic and carbonaceous band) suggests that
sediments were in the nature of black organic, highly sulphu
muds like those now forming in the Black Sea or Gulf of Bot
and were probably laid down in the deep water of an estuary, a
supported by the remains of fish, crustacea, etc. Also in pich
the formation of the tillite in the South, Du Toit (14, p. 497) sug
that the glacial muds and boulders were dropped into either f#
salt water. However, he is of the opinion that elsewhere the ic
discharged into a body of fresh water except in South-West
where the tillite was laid down in the ocean (14, p. 242), as ind
by Marine invertebrates.

The absence of marine fossils not only from the Dwyka Transvaal. .
elsewhere but from all the succeeding series of the Karroo s Northern N
would appear to support the foregoing views. Natal..... ‘

Pondoland.

However, the analyses of the Dwyka waters as a whole
the exception of the waters in Natal, point rather to deposit
the sea or in brackish water, or else to a marine inundation, a
period after the formation of the Dwyka tillite. It would be d1
to account otherwise for the consistently high chloride and sul
content.

Gevers (31, p. 252) suggests that the chlorides may be wind-
It is true that along the coast of Natal the Old granite, the D
and the Table Mountain sandstone waters show a slight salinit
this is obviously due to salt spray carried some distance inland
gales. It does not appear feasible however, to the author th
high chloride and sulphate and magnesium contents of the D
waters in the Central part of the Union, and in the Karroo 1
could be wind-borne. Apart from the vast distance from the
there is the fact that the waters of the Ventersdorp and other
formations exposed in the same regions, show very httle ol
(9-0 per cent. Cl.) and practically no sulphates.

It will be shown in the next two sections that not only the :
but the Ecca and Lower Beaufort waters in the Cape Provin
very saline (i.e. oceanic type) but with decreasing salinity, an
also be shown that climatological factors are not always resp
When, however, we come to the waters of the Upper Beau
Stormberg series, chlorides and sulphates are negligible.

The above facts would appear to support the theory t
Dwyka, Ecca and Lower Beaufort formatlons have an estuar
not a fresh water origin.

This matter is referred to again in subsequent sections,.
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XVIIL.—THE WATERS IN THE ECCA SERIES OF THE
KARROO SYSTEM.

From the point of view of this investigation the Ecca series is
great importance. There are far more towns and villages situated
this than on the preceding Dwyka series, particularly in Natal,
ugh not nearly as many as on the succeeding Beaufort series.
rthermore; the vast coalfields of Natal and the Transvaal are located
this formation.

{ Dwyka and othey
vill be observed Eﬁae_i ;
zh not so strlklng as
i Cretaceous waters:
leanic waters, The
but the extra S0,

iron sulphides from DISTRIBUTION AND RAINFALL.

- In the Western Orange Free State, in the Cape Province and
ndoland, the outcrop, which varies from 10-80 miles, forms a belt
ide that of the Dwyka series and is part of the vast Karroo basin,
In Southern Natal the formation is split by erosion into thin
arrow belts which run roughly parallel to the coast, but in Northern
Jatal and the Transvaal the outcrop widens considerably.

Thin and very limited patches of the Ecca series outcrop in the
Jamanskraal and Zoutpansberg areas of the Transvaal, ahd also
ng the Limpopo River, but they are of no importance to this study.
n the Hamanskraal area, most of the boreholes are deep enough
o tap the underlying Red granite waters, and hence they are typical
ed granite waters.

“ Upper Dwyka

) suggests that these
highly sulphuretteq
or Gulf of Bothnia,
f an estuary, a view
. Also in picturing
(14, P 497) suggests
| into either Jresh oy
ewhere the ice front
South-West Africa

p. 242), as indicated Average Annual

Ramfall

o the Dwyka series Transvaal......., ettt iae s 20"-30"
the Karroo system Northern Natal Coalficlds areas.............. 30"-50"
Natal. oot e it aaann e 30"-40"

" /3

s as a whole, with gongohndé....i;; .......................... 30 50
er to depositi . outhern Cape Province.................... 5 -15
P 1011 1 T ” v

dati North-Western Cape Province (Calwma etc.) 5"-10
nundation, at some n e ft
Orange Free State.......oovvrerinniranene. 15"-20

[t would be difficult -
oride and sulphate GEOLOGY AND LITHOLOGY.

From the point of view of this investigation there is very little
ifference between the rocks of the Dwyka and those of the Ecca
ries, which follow conformably on the Upper Dwyka shales.

As far as the Orange Free State and Cape Province are concerned,

he strata are mainly argillaceous. There are a few beds of fine grained
reentsh sandstones. The shales are almost indentical with those of
1e Dwyka shales, namely blueish or greenish shales, with abundant
alcareous and pyritic concentrations and sometimes lenticular bands
limestones, No analyses are available.

Proceeding Northwards into Natal the rocks tend to alter and
ecome more arenaceous, a fact, which it will be seen, is reflected by
change in the chemical characteristics of the waters. In Alfred
ounty, Natal, and for some distance along the coast the argillaceous
raracter is still retained, but the farther North we go we find the beds
ecoming more and more sandy, though with occasional softer layers
ere according to Du Toit (14, p. 253), the sandstones are yellowish
whitish in colour and fairly coarse grained, passing into massive
its, They are frequently felspathic, the felspar often being quite
esh, mainly orthoclase and microline, indicating a granitic origin
r the material. Sometimes the sandstones are micaceous and
minated. The same description applies to the Ecca in the Transvaal.

he coal seams of the Transvaal and Natal have been allocated to
e Middle Ecca beds.
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Fossils are not common and consist of plant remains, Th

of the series i1s Lower Permian.
UNDERGROUND WATER SUPPLIES.

There is apparently a great variation in water supplies in diff
localities underlain by the Ecca series. Frommurze (3, p. 139)
the following figures :—-

Average Yield Perce
in Gallons  Average
per Diem. Depths., Fa
Hoopstad District........., 4,000 100’
Philipstown, Sutherland and
Calvinia Districts......... 40,000 shallow
South-Eastern Karroo...... 22,000-32,000 under 100’
Central Natal.............. 12,500 110’
Eastern Transvaal.......... 21,600 130’
Springs, Bethal, Witbank,
Standerton and Frankfort 12,600 156
Vredefort, Hoopstad and
Kroonstad............... _ 9,370 120’

Frommurze (3, p. 165) points out that in the North- West
the yield is often in an inverse ratio to the rainfall, and that e
where the yields are much affected by the presence or absen
dolerite sheets and dykes which tend to dam up the water.
It will be seen that these intrusions also have an appre
effect on the chemical characteristics of the water.

QUALITY OF THE WATER.

(i) Quality of the Waier in the Ecca Series in the Cape Provine
Natal Coast.

In Table 20 the author has tabulated 14 analyses of Ecca w
from a wide region.
The chief characteristics is the high concentration of dis
salts averaging about 146 parts per 10° in the Cape Proving
181 parts on the Natal Coast.
There is insufficient data regarding the pH. of the water
it appears to be moderately low (about 7-5). '
As is the case in all saline waters, silica is very low, usually
2+5 per cent. Si0, in terms of total solids,
There is always more calcium than magnesium, the ral
CaO:MgO being x:0-72. This is in part due to the calc:
concretions 'in the shaley beds. On the other hand alon
- Natal Coast the ratio is 1:2-2. In that region the Ecca beds
to become more arenaceous and therefore to contain less ¢
Excluding the Natal coastal areas, the average percentage of ¢
is the same as in the Dwyka waters (12-4 per cent. Ca0O as 2
126 per cent. CaO).
Chlorides are always very high, and the percentage, in t
total salts, is 27 per cent. Cl. which is very similar to the 30 p,
Cl. in the case of the Dwyka waters.
On the Natal Coast the percentage is as high as 51 per
Sulphates are very high indeed (12 per cent. SO, a
respect the waters are almost indentical with the Dwyka
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TABLE No. 20,—ECCA SERIES—KARROO SYSTEM IN THE CAPE PROVINCE AND

NATAL COAST.
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120 DESCRIPTION OF SAMPLES IN TABLE XNo. ze.

Iéggglzﬂlc !‘ Locality, Description and Remarks,

District and Provinece.

Date.
T Feet. | T - ) ) o
22t Poddie, Cape Provinge.....o. o0 e ot ‘- — Borehole in Peddic.. ......... P s 2/ 9/40
ﬁ 223 —_I-.ningsburg, Cape Province.. PR . 55 rn}j}orcho]e 200 vards East of Buffels Rivier, Laingsbarg..... ... 3/10/40
255 Phillipstown, Cape Provinee... ............. 133““—;} Torchole in Paardeviei (Juritz, Ref. 188, Anal. Govt. Laboratory) 1908
290 Phillipstown, Cape Province [ " Borchole in Potfoniein (Juritz, Rel. 188, Apal. Govt. Laborat;-r—),-') R/3/21
250 - Aberdecn, Cape Province.. .‘ ............ e - H;);;rlg water, OQaklands (Jurite, Ref. 194, Anad. Govt. Taboratory} ‘ 108
260 "--jzmscnviilc, Cape Province. .. .. ~——--» ..... A Y jm]—éorclmlc on Klipplaat (Juritz, Ref. 195, Anzl. Govi. Labomtory)_gﬂ 1903 )
me Somerset East, Cape Provinee......... .. P I.'Sorchulc: al Middlcton (Juritz, Ref. 198, Anal). (}~_;:._—Itaborumry) i 1908
202 Somerset Iiast, Cape Province... ... y PRI Borehele in Rippon {]nri-tz, Ref. zoi, Anal, Gowt. Laboeartory) ~I;;S~ i
B 4h3 : Britstown, Capc Province.......... — . Boerchole in Britsiown . o e 7 \
) 189 7 Hopetown, Cape Provinge Borghole in Kraankuil [Anal. Go“\:;},aboratory, 1 (Bhaﬂnesb'illrg)“ .
340 Durban, South Ceast, Natal. " ...... e _Borcholc at Winkelspruit Hotel, Winkelspruit
529 Lower Tugela, North Coast, Natal........... Well at Umhlali Station. .. ..... TSN P 3Y 3/92 .
) 428 Inanda, North Coast, Natal................ ' — mlgz;rcholc in Tongaat. .......... e e e e . { 1/ 4/42
526 Lower Tugela, North Coast, Natal........... — ¢ Spring on Cliff at Umblali Beach....... ... oo v oan s P28/ 3/42




ORTHERN NATAL, SOUTHERN TRANSVAAL AND NORTHERN ORANGE I'REE STATE.
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PESCRIPTION OF SAMPLLES 1IN TABLE No, 21

E?Slo'{;léﬁk Locality, Lescription and Remarks. Date.
T - 1‘“cet.‘_ -

Weenen, Natal... ..o - Berchole in Weenen {Anal. D.CS). ..ol 1940
Vryheid, Natalo... .ol L — Well in Vryheid (Dr. Ockerse's Report Anial. D.C.S) .. oveee .. 1941
?\'{lmi‘privcr, R ) e Borchole Near Pi;‘ccrs, o miles South of Ladysmith.............. 10/12/39
-i‘\":ipri\-er, Natal.......... .. _ .......... ) #ﬁ 103‘““_ ?301‘0110!0 on 11::1_ Monte Christo ', 6 miles E.N.E. of Colenso, . . 10/:173;3w

‘ T\Epr—zz:, Nataloooo oo 201 Borchole on farm Halg, 7 n1i1c; East of Ladysmith..... ... ... 13/11/309
?\;lw;):’zr Natal. . oo e L Borchole i:l Colworth.. ......... “ .......................... 4/ 5/36
Wliprver, Natal ..o - 7?301‘(:11019 at Elandslaagte School {Anal. Govt. Iiz:b Johanaesburg) | 19/ gm/:r?

Borchole on farm Graythorne on Tugela River ncar Pieters. ... | 28/12/40

Borehole in Richmond

....................................... 6/ 1/41
Borehole in Flarditig. ..o oe it i i s 2/12/ 40

I30reholc—~it mile East of '\"'olksrust on Main Road....... ......... 18/ 3/41

Spring water, ch\-ﬁastle‘ -—-— ..................... ‘ ......... i 25/10/41

Borcholc?,blantarif Bl 1533 T U AN 13/ 3/51

Spring, 2 miles North of Pletermaritzburg....... ..., .. o 2/ 4f42

Borchole al Sandsproit, Utrecht. ..o o o oo oo i oo ia s 6/ 8/42

‘%orelaole on farm Dam;'Ic'a No. 2g, ncar Junction of Kaalspruit

and Modder River........................ N 3/ 5/4x

m;() {¢r) 7‘:3::-&;.1—1& Orange Free State.“—".".. RN B-;rchole, Boshof Municipadity..... vooeeininnaa. . 31/10/41
e © ilbrom, Or:;:gz‘Fme Statc -

] Hat Spring water, Heilbron. .. ... .. o o 22/ 8/39
fort, Orange Treo State

rank

106 | Borehole on farm Paardefontein No. 9o, 13 miles Sonth of Villiers 5/ 4/41
Hoopstad, Orange Free State Borehole in Hoopstad. oo o i e i i 20£10/4%
. ¢ in Heilbron (Anal. Div. C.S. per IIr. Ockerse).......... Jan., 1942.

Boreholes in Kopjes (Anal. Govt. Lab., Jobannesburg)........... | 18/ 4/36

Borchele on fars: Witbank, near Odendaalsrust

................. 30/10/42

"_2;0—37 "“TreEfF)}nge TFree State. .. .- ............... - Borchole in Vrede (Anal. Div. C.5. per Dr. Ochersel......ovuu0ts 1942
391 i Teilbron, Or:_mgc Tree State...oooo. e, — ﬁ%orchoie in Wolvehoele........ ... ., ..., e 23/ 1/43
G35 F.rmulo-,ﬁ Tramsvanl. oo o e m: Borehole in Ermelo. . ... e e L, e 14/ 1/39
m:;m_ Bethal, Transvaal. ...t ieine e, — Boreholein Bethal. ... ovu it ien i ianerrnanaens RS | 2/ 3/40
B 308 Withank, Transvaal..... ... ..., : T Borchole S0 MERIART. « v v av s o e et e et e et isasemm e aecmaeanns 20/12/40
534 - Standerton, Transvaal. ..o oo oL — Borchole in Standerton. .. ... ... L. oL T 1/ 4f42
300 Standerton, Transvaal. .- .................... 70——m Berchole on Viakfortein No, 15 (Anal. Govt. Lab., Johannesburg) | 10/ 4/37
585 i Bethal, ’.I‘ransva:;.ﬁlh..f- ............. m—‘ ...... — E Borehole near Maizefield.... .o..ovoaa.... e nemeraeaiaaas ... | z/10/42
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‘Pyritic disseminations in the Ecca shales partly explain this high
hate content. On the Natal Coast the sulphate drops to 2-5
cent. SO, and the explanation may be that, as in the case of the
yka beds, the Ecca beds become less pyritic as one proceeds north-
wards into Natal.

'As in the case of the Dwyka waters, the total scale-forming
s are only moderately high, averaging 40-5 per cent. (388 per
. along the Natal coast) while the permanent hardness compoiinds
relatively high, averaging 17 per cent. (Dwyka waters in the Cape
vince 158 per cent)). Along the Natal coast the permanent
dness is even greater (26 per cent.) and consists mainly of the
rides of magnesium and calcium.

Data for fluorides is insufficient in the Western regions of Ecca,
the content appears to be low. On the Natal coast none at all
found.

The waters in the regions covered by Table 20 fall naturally in
highly mineralised chloride-sulphate group of waters “A” and
r utilisation and treatment are dealt with later under that group.
will suffice at this stage to state that a few of these waters,
icularly some of those along the Natal coast, are too saline for
ble use, but they can be used for watering livestock, They are
uitable for irrigation, though a few of them are so saline that they
really only suitable for light well-drained soils. The high chloride
ent renders them unsuitable as feed water ““ make-up " for steam
er work, though they could be used aiter appropriate treatment
locomotive feed water. The “ oceanic” characteristics of these
ers have been referred to in the previous section.

The Quality of the Water from the Ecca Series in Novthern Natal,
the Transvaal and Northern IFree State,

Attention has already been drawn to the fact that in the above
tioned regions the Ecca series becomes arenaceous, being mainly
posed of sandstones, with some softer sandy shales. It will be
that the chemical characteristics of the water alter as well.

In Table 21, the author has collected and analysed 30 samples
ater from Natal, Transvaal and Northern Orange Free State.
Unlike the Western and Southern Karroo and coastal Natal,
Ecca, in the above mentioned regions, does not yield a characteristic
er. All types except the extremely saline are encountered, so it
ot possible to allocate these waters to any one group.

The rainfall is much the same over all the areas concerned, so
necessary to look for other reasons than climatic.

One probable cause is the variation of the rock from argillaceous
urely arenaceous. Another cause is the large number of dolerite
es and sheets which traverse the Ecca beds in these regions, and
t considerably the chemical characteristics of the waters.

The concentration varies greatly but the waters, taken as a
le, do not carry excessive solids in solution (seldom over 50 parts
T 10%).

- Silica varies greatly but is, on the average, considerably higher
in the Ecca waters elsewhere and this is to be expected since
waters are of non-saline types.

Fluorides are absent in the Natal and Transvaal areas, while
wvery small amounts are found in the Free State and all under
maximum permissible for potable purposes.
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"The pH. value shows a considerable variation.

‘There is nearly always slightly more calcium than mag:
present, but this is not so marked as in the waters of the Weste
and Southern part of the Union, where calcareous concretio
layers are apparently common.

Chlorides vary a lot but are very seldom above 11 per ce
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 Sulphates are generally present in traces or small amoun
occasionally very high values are obtained. This may be due to.
dolerite dykes or to pyritic seggregations in the sandstones,

Soda alkalinity is sometimes present, generally' in small a1
but . occasionally in appreciable amount. This may be due
felspathic sandstone in the vicinity or to a dolerite dyke.

The total scale-forming salts vary a lot but are generally
high.

Permanent hardness compounds are sometimes presen
generally m small amounts.

meg to such variation the author has not been able to
these analyses as has been done in other tables.

In the Eastern Transvaal, in the Ermelo, Bethal and
districts the Ecca waters tend to be very pure, with conce
under 20 parts per 10°%. This is probably due to high ra,mfall 2
arenaceous nature of the Ecca in those regions.

From the results of the analyses shown in Table 271,
appear that the Ecca sediments in these regions were laid
fresh water and that the region did not suffer any subsequen
gression by the sea.

The waters are entirely suitable for domestic supply,
and stock watering, but as regards utilisation for steam rais
other industrial purposes, the variation is too great to per
gencral statement, each water having to be treated on its

XIX—THE WATERS ARISING IN THE BEAUFORT S
OF THE KARROO SYSTEM. '

This formation is by far the most important covered
study for the following reasons :— :
A vast and relatively well populated regions in th
part of the Union and forming more than a third of th
1S occupied by rocks belonging to the Beaufort ser
region is at present devoted almost entirely to pastu
to a less extent, to agriculture, though it contain
number of towns and villages. .
.- Moreover, except in Natal, the northern an
Orange Free State, and part of East Griqualand, ther
perennial streams or permament surface waters, so
area is mainly dependent on underground supplies.
. quality of the underground water becomes a matter
importance, :
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DISTRIBUTION AND RAINFALL.

This formation forms part of the vast Karroo basin and occupies
whole of the central part of the Union, South of the Transvaal
er, excluding Basutoland and its immediate vicinity.

There is a considerable variation in the rainfall on these rocks,
d such influences to a certain extent the quality of the water arising

he formation :— Average Rainfall

tion,

ium than magnesiyp,
vaters of the West
reous concretions ang

ibove II per cent,

from the CL contep : per Annum.
est and South of the Carnarvon, Beaufort West, Victoria West,
_ Fraserburg and Sutherland................ 5"-10"
Colesberg, Middelburg and Graaff Reinet..... X0"~15"
31"1118;173.& ?ﬁlg gg?yf?ﬁt. Bloemfontein, Bethulie and Burghersdorp.... 15"-20"
‘e sandstones. ¢ Cradock, Tarkastad and Somerset West...... . 10"-15"
| . Queenstown and Hofmeyr................... 15"~20"
ally in small amount, Transkei and Umtata...........coiviienn... 30"—40"
is may be due to 3 Maclear, Cedarville, Bulwer, KXKokstad and
lerite dyke. ' Pietermaritzburg. .. ..vveeiiiiirenennn.. 40"-50"
, . Bergville and Harrismith................... 0"
1t are generally faily Vre%e and Senekal................ . 0., 2053'——25”

GEOLOGY AND LITHOLOGY.

The Beaufort series follows conformably on the Ecca series.
The abundance of reptilian vertebrgte fossils has enabled the
s to be palaeontologically divided into a number of zones,
tinguishable from one another only by the variation in fossil type,
t the chief lithological subdivisions recognised are the upper Beaufort
, middel Beaufort beds (relatively very thin) and lower Beaufort
. Theage of the Beaufort seriesis Upper Permian to Lower Triassic.
For the convenience of this study the writer has divided the
ation into two groups, Le.:

(1) Middle and Upper Beaufort

(2) Lower Beaufort.

~ The series is generally more arenaceous than the Ecca, and is
aracterised by strong bands of sandstone parted by bodies of shales
d ““mudstones ', which are normally less argillaceous than those
the Ecca. They commonly show green, red and purple tints, which
ouration is more marked in the upper division and may carry
lcareous concretions.

. The sandstones range from finegrained, hard, dark types on thin
rers to much thicker yellowish or pale bluish softer highly {elspathic
1ds. The alteration of sandstone and shale gives rise to a marked
accing in the landscape.

In addition the strata are cut by sheets and dykes of ““ Karroo
lerite ”’, so numerous as to form a veritable network of igneous rock.

UNDERGROUND WATER SUPPLIES.

The water bearing properties of the Beaufort series are variable
pending on topography and rainfall, though the effect of the latter
es not appear to be as important as might be expected. For example,
Frommurze (3, p. 160) points out, the average yield in the arid
uth-Western corner, under a rainfall of only 5" per annum, is equal
: hat of the Central areas under a rainfall of 15—

~Du Toit (2, p. 133) gives figures ranging from 11, 000 t0 43,000
lons per diem for the formation in the Cape Province and Orange
ee State generally at very shallow depths.and with a relatwely
v percentage of failures.

metimes preéent but

t been able to average .
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In the Northern Orange Free State the borehole depths are
and the percentage of failures greater,

In Natal and the North-Eastern Free State the greatly di
nature of the country has, as shown by Frommurze (3, p. 1t
adverse influence on the underground water storing capacit
strata and yields are low.

Taken as a whole, the investigations of Du Toit and Fro
have shown that the formation is an exceedingly good aquifer
always yielding ample supplies at very shallow depths, and tha
has been aided by the network of Karroo dolerite dykes and sﬂls
act as water barriers.

In some districts the striking of flowing supplies was co;
but there has been a great falling off in such cases during recent
owing to the difficulty of discovering new sites where artesian con
Would be expected.

QUALITY OF THE WATER.
(1) The Lower Beds.

The author has been somewhat handicapped by the fa
large tracts of country occupied by the Beaufort series, part
in the Central and Eastern Cape Province and the Western:
Natal, have not been geologically mapped in detail, so tha
sometimes been difficult t§ ascertain whether a borehole is |
in the lower or upper horizons of the Beaufort series. :

In Table 22 the author has collected analytical data for 39
including a few of Juritz’s analyses which however, do not g
values. As will be observed, the samples cover a very wic
having been collected from some 28 districts in the Cape P
Orange Free State and Natal.

There i¢ no appreciable difference in quality between t
arising in these lower beds of the Beaufort series and those
Ecca waters in the Cape Province, for the former yield highl
waters also of the chloride-sulphate type.

The concentration of salt is extremely high, though
the average of 39 samples being 106 parts dissolved solid
parts. In the Northern Free State the salinity of the water
" to become much lower.

The hydrogen ion concentration is fairly consistent, gl
average pH. of 7-6.

. th/otfoz v
As is the case in the Ecca and all other saline waters, t /
content is consistently low, averaging only 3-8 per cent. h/jor/ge | e
terms of total salts. SH/T Jgz | e
Fh;tdngle,s are generally absent, though occasionally t LE/6 Jor | - oons
may contain a minute amount. Only one sample, namely t wmolsw
Sutherland (No. 552) gave an appreciable fluoride figure {2 P I
per million, or 0-5 per cent. F.).
Chlorides show some variation, but are always high, 12/z /6 | e

- 22-5 per cent. Cl. in terms of total salts. This is a lower p
than that for the waters in the Ecca series (27 per cent.

Sulphates vary but are always present in appreciable
averaging 10-8 per cent. SO, which, again, is slightly 1
that for the Ecca waters.

y“‘wb“‘.b ;)I [ el

In several sample
tal salts is well over
05 per cent. The a-
: Na,CO,).
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22 —LOWER BEAUTORT BEDS IN T
| 7 i o
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TABLE No. 22 —LOWER BEAUFORT BEDS IN THE CAPE PROVINCE, ORANGE FREE STATE AND NATAL.
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instnict and Province.

. DOYCnoie |

No, | Depth. Locality, Description and Remarks, Daze.
i Feet. i -
350 Graaft Reinet, Cape Provinee..,............. 6o Borehole, 2z miles East of Graafi Reinet on Nationel Main Road. . 4/ 4/41
203 Graall -,lh{uinct, Cape Province. ............... —_ Borehele in Graaff Reinet (Anal. Juritz 3453).-.......... ... 1608
207 Abordecn Cape Provinet. ... .., ., _ 3z7g Borchole in Aberdeen Road (Anal. Juritz, Ref. 233)............. 1908
’ 13 15) Aberdecn, Cape Provinee .. ... ... ... . So Wellwater at Aberdeen. ... ..o i i i e 1/11/39
o ;;;_— Ai)cr(leen, Cape Provinee ........... .oouaois I 128 Borehole in ADEIAECT. 1. vouus c e vttt e e /11739
237 T Unmntata, Cape Provinge.................. mg — Borehole near Umtata. ... .. .o ooiiiiaa 23/11/40
272 Carnarvon, Cape Provinge........ co.o.ov., .. - Borehole in Kaffirskraal, East South-East of Carnarvon. (Anal.
Juritz, Ref. 208). .. ... . oo 1go8
223_—- Carparvon, Cape Province.... “ e A 200 Borehole, Carnarvon Municipality ... ..oooiiiii i, 5/11/40
’ 277 Richmond, Cape Province......, ... 4006 Borehole at Richmond Road, (Anal. Juritz, Ref. 245)......... 1608
i 278 Cradock, Cape Provinte........ ............. —_ Borehole at Witmos. (Anal. Juritz, Refl. 254}.... H;—— 108
27¢ B East London, Cape Province. ............... 65 Borchole in East London. {Anal. Juritz, Ref. 268)........... . .. 1908 a
2G4 Prince Albert, Cape Provinee.. ... ... 7 ﬁ “‘k — Borchole, Railway Station, Prince Albert Road.... ... .. .. ... 12/ 1/41
194 Transkei, Cape Province... . ... ........ . — Borchole at QOlorc. . . oot 5/ 7/41
28y Komgha, Cape Province.................. .. — Spring at omgha, (Anal. Juritz, Ref. 324). ...l — 1908
186 Tarka, Cape Province. ... e 7 s — Borcheole on farm Kiipfontein, near Tarkastad............. ..., a 3/ 7/40
304 Williston, Cape Province. . . — Borehole in Williston.  (Dr. Qckerse, Anal. Div. C. Services}. . . ‘_ 5/11/41
256 N Graafi Reinet, Cape PIO\‘.E"I-ICC.. .. — Borchole in Graaff Remet.  (anal Juritz, Ref 2393, ... . L 1908
99 Adelaide, Cape Provinee... ... ; N 73 Borehole in Adelaide. ... oo oo 28/ 8/39
283 Colesberg, Cape Province o I 400 Borehole in Colesberg. (Anal. Juritz, Ref. 283}...... L L 1go8
286 Victoria West, Cape Province.ﬂ:_._. ......... N - Borehole in Pampoenpoort. (Anal. Juritz, Ref. 294}, ... .. ., .. 1908
173 Victoria West, Cape Province.............. 150 Borehole at Huatchinson Station. .. 22/ 2/40
195 Beaufort West, Cape Province.............. - e Borehole at Kromnvier Station o/ Bf41
285 Victoria West, Cape Province. .. e #_ 61 Borchole in Bicsjespoort. (Anal. Juritz, Ref. 293} ... ..., 1908
34 Cradock,CapeProvince..................:k—-{wiﬂ BoreholcinCradock..........-----------------...----....“.—.—.—F 15/ 8/38
92 Fraserburg, Cape Province............... ﬁ 190 Borehole in Fraserburg. .. ... oo 13/ 9739—-
105 Middelburg, CapcProvincc.................“.wm 200 ) ]301‘(:}1()1@i[ll\‘Ii(‘ldE]bUl‘g...............‘............i‘......_,_ 10/ 1/40
125 Victoria West, Cape Provinee........... - 100 Borehole, 1} miles South-West of Vietoria West. ... . | 24/11/39
481 Murraysburg, Cape Province......... ... T Borehole in Murraysburg. (Dr. Ockerse's Report, Anal. Div. C.8) {Jan., 194;
132 Somersct East, Cape Province. ... ... oL “ —— Rorehole, Victoria Park, Somerset Bast. ... ... . oo, 3/ 1/4:
482 Victoria West, Cape Province. ... . — TBorehole at Nobelsfontein. [Anal. J. Gray)... ..oty 22/12/19
483 Beaufort West, Cape Province............... — Borehole at Rhenoster Kop (Anal. J. Gray). ..o ovvea oot z2/12/16
485 o Queenstown, Cape Provinee.............. ... — Borehole at Imvani. {(Arpal. Govt Lab., Jobannesbarg).......... 8/ 8/ax
403 Hanover, Cape Province... ... oot —_ Borehole ot Carcluspoort. (Anal I Gray).... ... ..., 8/i2/19
404 Cradock, Cape Province. ... .. ovvvvvnnonot — o Torehale at Witmos. {Anal. J. Grayh. ... oot 9/ 2/21
552 Sutherland, Cape Province. .. .....ooovoiiiiie — Borchole in Sutherland, (Apal. Div. C5 .. ..ot 1042
o7 | Wingwiliamsions, Cape Provnca- - = | Popghele oot Yoptermery Choone Tatony, Spiliamsown- |
503 Mount Currie, Griqualand East, Cape Province - Spring on farm Lot 1, near Koltstad......ovvvavii i 26/ 1/43
456 Winburg, Orange Free State...... [ - Spring in Winburg.......o.. .. e e 28/10/31
235 Brandfort, Orange Free State, ... --- -~ Wenaan oo | SpringinBrandfort.... ... ol iailiiiiiii 20/10/41

Spring in Brandfort




135

in the case of the Ecca waters, soda alkalinity is very rare.
d there is nearly always a very high permanent hardness which
s of total salts averages 17 per cent. (as CaCO,), while the
nates of calcium and magnesium average 32 per cent. (as CaCQOy,),
gures being almost the same as those for the Ecca waters in
‘ape Province.

There is almost invariably more calcium than magnesium, the
MgO ratio being 1:0-7, this figure being also indetical with
for the Fcca waters.

Climatic factors appear to play some part. For example the
s from the well-watered Northern districts of the Orange Free
.are, as aforementioned, less saline than those from the arid
ern Cape Province. On the other hand, the well-watered Umtata
East London districts with 30"-35" of rain per annum yield
y saline waters with 19o-300 parts of salts per 0% The essential
osition of the waters remains however unaltered. The cause of
salinity is discussed in the following chapter.

ince the waters from the lower Beaufort series belong to the
chloride-sulphate group of waters, their utilisation for technical
ses 1s dealt with under Group A.

t may be, stated here that since these waters are not quite as
ish as some other waters considered in previous sections, they
e used for watering livestock and for irrigation, but they are
imes too brackish for drinking purposes.

n East Griqualand and Pondoland there are very few boreholes
the country is very well watered and there are numerous mountain
ms. This water approximates to the pure water group “ E ".

(ii) The Waters in the Middle and Upper Beds.

n Table 23 are shown the results of 33 analyses of water samples
28 districts in the Cape Province, Orange Free State, East
aland and Natal, so that the formation has been well covered.
majority of these analyses were carried out by the author.

There is some doubt as to whether certain boreholes in Natal and
Lape Province are situated in the Middle or lower beds of the
ifort series.

t will be observed from Table 23 that in spite of variations in
fall, there is a remarkable consistency in concentration of salts
se waters, the total solids averaging 36 parts per 10%

ne of the strking characteristics of these waters is the consistently
- pH. value, which averages 8-2; the highest for any group of
ers in the Union. Several waters show pH. values of 8-6 or over,
ample (No. 544) from Cedarville shows a pH. of g-4. This is
of the highest recorded in the Union. The only borehole water
how a higher figure is that from Ledig, Pilansberg, located in the
Ii rocks. (Page 42). _

These high pH. figures are due to the very high Na,CO, or NaHCO,
ent of the waters in the Upper horizons of the Beaufort series
raging 37 per cent. expressed as Na,COj,).

In several samples the Na,CO, or NaHCO, content in terms of
salts is well over 50 per cent. (as Na,CO,), some are even as high
5 per cent. The average, as aforementioned, is about 37 per cent.

NayCOs).

per cent. ACI)
ppreciable quantity,
slightly lower than
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The highest absolute figure for soda alkalinity, is 32 p :
Na,CO,) per 10% Quite often the pH. exceeds 8-2, with th g
that the water shows a definite phenolphthalein alkalinity. o8
case both soda carbonate and bicarbonate are present, buf g
speaking the soda alkalinity s dwe fo sodium bicarbonat
probable cause of this high soda alkalinity will be discussed

Contrary to what is found in the alkaline soda waters fr b3
Red granite and the Old granite, silica is consistently low, T
average of 6-4 per cent. Si0, in terms of total salts. There f—-—;
little variation, ' E,,f

Fluorides are sometimes found, but so far in only two 1o
appreciable amount (No. 502, Dewetsdorp; with 4-8 parts =
million or z-1 per cent. F., and No. 498, Shannon,* with 4-5° ——
per 105 or 1-4 per cent. F.). The significance of fluorides in I
carbonate waters is discussed on page 170, <1

In striking contrast to the waters from the lower Beaufo
which in percentage composition average about 22 per cen
waters from the middle and upper Beaufort horizons avera 4
5+7 per cent. Cl. with very few exceptions. (The chief ex: e
are the highly saline waters from Hofmeyr and Queenstown

Also in striking contrast to the lower Beaufort and Eccz
is the low sulphate content which averages only 5°3 per ce
compared with 10-8 per cent. SO, in the lower Beaufor
The chief exception is the Hofmeyr water.

The total scale-forming salts average only 39-7 per cent. ex
as CaCOy, so that, generally speaking, the hardness is mol
low. The hardness s all temporary, that is due to the bicar
of calcium and magnesium.

In a few cases the total scale-forming compounds amx
only about 10 per cent. or less, the waters consisting almos
of NaHCO, or Na,CO, with a little silica and sodium sulph:

There is nearly always far more calcium than magnesh
average ratio being 1:0-62.

Consistently high soda alkalinity is apparently unusual i1
rising in sedimentary rocks for Lindgren (35, p. 53) writes =

“ Waters containing Na,CO, in large amounts
common in sedimentary rocks but here and there s -
wells of this character are encountered. They are '
usually contain some free CO, and H,S"”

With regard to the cause of this cons1stent1y high sod
of waters arising in the upper Beaufort beds, the author
two possible theories \—

(r) It has already been mentioned that the Beaufort s
are highly felspathic and further that the series is
nantly arenaceous. These felspars might possibl
cause of the high soda content of the waters ¢
these rocks. An essential for this theory is that th
should be soda felspars (e.g. albite to oligoclase pl
rather than lime felspars (andesine to anorthite pla
Further, the felspars should be comparatively fre

* From later information Shannon (498) is Lower Beaufort and no

38

Sample
No.

313
533
336

116G
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TABLE No. 23~MIDDLE AND UPPER BEAUFORT BEDS IN CAPE PROVINCH
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o From later infromation Shannon- Valley may be l.ower Beawlort and should




DESCRIPTION OF SAMPLES IN

TABLE No,

sample District and Province. i Borghole Locality, Description and Remarks Date
No. i Depth. i
; . i ] R
| b Yoet. %
73 Borchole in Burghersdorp. (=‘ma] _]m!t/, Ref. 328).. ... ... | 1908
4588 ) — _-.{»(:rdm]cudt l\;ld_g(?l:l! (\nal Govt. Lab ]()ln.:\csburé) 1921
. h 8o BUrum‘.-“‘:-;lugzgrlxstrc)()lll (r\r;LAlT}uritz) Ref.337) 0o ooia 1503
X T , 145 lJOIC.I()i; in Rnu.\'v;llc ....................................... 227 8/3()_
i {5} .‘i(mrxx\'“.c (L.u _ro 1 Tox S}r 300 Burchole I Rouxville. L L o e e ; 22/ 8/39
h : E:—rcl:it, in S.;au;;ﬁdd ....................................... %—7/ 3,7_‘::;
Well in Benckal,  {Anal. Govt. Lab -j_(:l:‘mncsbu § . 5/11/450
—b_ul('ubk in Lindley...... w* ........ _ ....................... 30/ 4741
“E:‘pri;:l.;;in CRINCATL - @ eee e oo e | 8/ 3/39
]'Sur:-i‘xglc i \da.uwpur,:fl {Anal. Juritz, Refo2y3). ... : xgo“Smm—‘
; Bordﬁe at ‘10111r.>&).11un Anal. Jurit . 2833 ~“ét 1908
1()‘(.]‘01(, in Tweespruft. . oo o s 5/ 2/39“
nrcnoie in Dricfontein. 1908
Vl%n)rcho—lu in \\"a-r;]cn. ey 7 ............ 10/ b/—;;-
”‘Burchole at T’Tarri:;sxiitll. e .............................. {19/ /42 ~
Torchole at Reitz._(Ds. Ockerse, Anal. Div. €81 ... T e
};r)rchcﬁc at Shaunon. {Dr, Ockcrsc,mxrA\al. Div. (“‘_w .. . 1940
B OthOi;-d-l_'l-;C‘tkhuh(, {Idr. Ockerse, Anal. Biv. C83........ ... 1340
h __;0(: Zg\:,tlcm, (.)nd!\;; ';nc Sf.db’;m_—v ........... i ' Borehele at Zastron.  (Dr. Ocl\ei;;‘, Anal. Div. (,.5.) ............. l 1640
- e 1,%0;‘clu)“l-(-:m;1!. th):n;;i;:txo {Di'. Qckerse, Anal. Div., C.S.). . — Ce 1940
- Borchole at Dewetsdorp,  {Dr. Ockerse, Anal. Div. G800 L 1940
503 Wepenor, Crange Froo “'L?\t( .. P - NBM{;:;:(ELI Holhouse, (P, Oclerse, Anal. v, C.SY. .00 L 1940
513 ; 7Qucc “L\‘r—)\\);{ Cape Province i—— o Borcho]ci‘;;. Qucnnwszgown ..................................... 12f /42 )
I . vt ; 1.2_; i u‘ Borehole i Bergville, 1} II—II_IC—ES from River, Forbes Residence. . 7;’ 3/42
95 Borehole on farm Tipperary, 6 miles fron Bergville..... ... .. W?/ 3/42
our I 7—5:—*« Bﬁrclxo{;:t Frere, South of C;i;nso ........................... 20/10/39
496 : U ndvr‘;*c"rs_{ atcﬂ .......................... Spring at Underberg. {Dr. Ockerse, Anal. Div. C8) ... ... .. 1940
542 1 Bethulie, Onnwc Free State, .. L ........... o Borehole in Bethule. . .. oo i i i i e .. 16/ 3/4?
544 AAE Codarville, East Griqualand. ... ... ... ... _ - . Spring on farm of C. Southey. Cedarville Flats....... ... ... ...0 | 20/ O/42
340 Cedarville, Fast Griqualand... .. ..., ... .. 100 Rorehole on farm of G. Murray, Cedarville Flats. .. 20/ 6/4‘_2“
545 —_(—_;:]'11&;11;“}4 ast Grigualand. ... ............ — 1 Sprin‘gﬁon farm of J. M. Currey, Cedarvilic Flats... ............. 20/ 6/42
“5_1_; lm.'\!ﬂldl‘vbl’!‘g, Cape Prov 1;;: |

Borehole in Holmeyr. cuv i s e it

12/ 2/42
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Du Toit (14, pp. 502-503) and other geologists have given
evidence of an increasing aridity in climate from the lower
~Beaufort to Stormberg periods and have shown that the
upper sediments of the Karroo system are probably of
desert origin since they show definite aeolian characteristics.

If .this be the case then the felspars in the sediments
(derived from the granite rocks) would tend to remain
comparatively fresh, since the process of * kaolinisation ”
of the felspars does not proceed to the same Stage in an
arid climate as. it does in a humid climate.

{(2z) Another possible cause may be the basic igneous intrusions,
the Karroo dolerites, which, as already stated, form a
veritable network of igneous instrusions. It might follow
that these basic intrusions with their fairly high content of
decomposing plagioclase could be responsible for the
appreciable soda content of the water. This would also
apply to waters arising in the sediments of the succecding
Stormberg series, which as will be shown in he next section,
are also characterised by a consistently high soda content.

Agamst this second theory is the fact that though the Stormberg
ents on the Basutoland borders are intercected with dolerite
5 and yield soda carbonate waters, the felspathic Bushvelds sand-
, of Stormberg age, which also give rise to waters with high soda
nt, are quite free from dolerite dykes.

Further, water at the contact with basic dykes or sheets of basic
. invariably contain very much higher MgO than CaO. For
ple, samples Nos. 376 and 377, Table 12, and more especially
le No. 593, Table 22 and some of the samples in Table ©.

Therefore it would appear that the former theory is the more
ble.

With regard to the decrease in chlorides and sulphates in the
r Beaufort waters and succeeding Stormberg waters as compared
those in the lower Beaufort beds and the Ecca shales, the
nation may lie in the higher rainfall in the areas occupied by
iiddle and upper Beaufort beds, but such is not altogether satis-
ry, for some of the highly saline waters in the Ecca beds are found
eas of high annual precipitation.

he waters arising in the middel and upper parts of the Beaufort
~are allocated to the Alkaline soda-carbonate group of waters
"y and the utilisation of these waters and their corrective chemical
ment are dealt with under that group on. (Section XXV).

t may be stated here that these waters are suitable for all
stic purposes, watering liverstock, and irrigation. In perhaps
r two cases the absolute amount of Na,CO,; may be sufficient
ohibit its use for irrigation or for drinking.

ome of them, particularly those from the Cedarwille district,
sufficient sodium carbonate and bicarbonate, to impart a strong
to the water, and to attack aluminium domestic utensils.
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XX.~—THE WATERS IN THE SEDIMENTS OF THE STORMB
SERIES, KARROO SYSTEM.

Under this heading the author has included sediments
Transvaal Bushveld (the so called Bushveld sandstones and
and has made no attempt to differentiate between the three h
into which the Stormberg series has been divided, namely the M
beds, Red beds and Cave sandstone.

The volcanic rocks of Stormberg age, including the Le
volcanics are treated separately in the next section.

As regards the Basutoland border area, therc is actua
definite break between the upper Beaufort and Stormberg seri
the succession of rocks is perfectly conformable and, as far
study 1s concerned, the distinction between the upper Beauf
and the Stormberg series is artificial. In the North the Molten
are apparently absent and the Cave sandstone lies on older be
will be shown later, the waters arising in the Stormberg bg
identical with those rising from the upper Beaufort beds.

DISTRIBUTION AND RAINFALL, _
The sediments in the Orange Free State, Cape Province and
form high dissected mountainous country enc1rc11ng the highla
Basutoland.
On the Natal border of Basutoland, the beds are compa
thin and of limited extent.
Along the western siopes of the Lebombo mountains in Z
Swaziland and the Eastern Transvaal, very thin beds of St
sediments occur, far too thin to be of any consequence from t
of view of this study. In the Transvaal a very small portio
important agricultural area of the Springbok Iflats is unde
sandstones and marls that are correlated with the ' Cave Sands
of the Stormberg series. There are no towns of any impor
this Bushveld sandstone area. Small outliers of the Stormbe
are found at Blaauwberg, Rhodesdriff and Mopani in the
Zoutpansberg district. No towns of any importance lie in the
The average annual rainfall in the Basutoland area is fro
inches, in the Springbok Flats area is 25 inches, and in the 1
Zoutpansberg districts the average rainfall over these sedi
10~20 inches.
(GEOLOGY AND LITHOLOGY.
The Lower or Molteno beds of the Stormberg series in the’
land area consist of gray and blue shales and coarse and fine
yellow sandstones, Du Toit (14, p. 260) referreing to the san
mentions that the quartz grains are iwvariably accompanied by
(mainly orthoclase and microline) in angular or sub-angular frag
Dolerite dykes are very common,
The shales and mudstones are often arenaceous and
carbonaceous layers and seams of coal. The Red beds whic
the Molteno beds are characterised by red and purple shales, mu
and red and yellow fine grained sandstones, highly felspal
Cave Sandstone beds which overlie the Red beds consist of
cream coloured fine grained sandstones lithologically in no way
from the Red bed sandstones except that they are of a fine
Du Toit (14, p. 270) refers to their {elspathic nature (mainly
felspar). Accessory minerals, in very small amounts, are zirc
maline. and white mica.
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142 DESCRIPTION OF SAMPLES IN TABLE No. 24.
Sa&lri’l?le District and Province. Blgzzl;gle Locality, Description and Remarks. Date.
Feet. :

35 Ladybrand, Orange Free State.............. —_ Borehole in Ladybrand Muoicipality. . ...... ... . ... 0 .. 2/ 9/37
147 Ficksburg, Orange Free Stafe.............. — Spring {perennial), Ficksburg.. ... .. ... 11/ 4/40
204 Steynsburg, Cape Province- .. ... ........ wen Borehole at Henning. {Geol. Survey Memoir 32, 3457- Anal

GOVE, LAl ey e e e a e —_
243 “Wodehouse, Cape Province................. —_ Large Spring at Halseton. {Anal. Juritz, Ref. 3435)............ 1908
244 Aliwal North, Cape Province............... — Spring at Lady Grey. ({Anal. Juritz, Ref. 355)............ can 1908
2G2 ! Molteno, Cape Province..................., 506 Boreholz in Stormberg.  (Anal. Yuritz, Ref. 340)........ .. ... 1908
263 Molteno, Cape Province.................... — Borehole at Paardekraal. {Anal. Juritz, Ref. 3470, ..... .. ... 1908
567 Maclear, Cape Province...... .. ... ....... — Spring in Maclear. .. ... 26/11/4%
107 Waterberg, Transvaal. .. ... . ... ... .. .., — Borehele in Bushveld Sandstone, Kalkiontein 734, 4 miles South

of Radiom. ... o e 30/ 8/39
178 Pretoria, Transvaal.. ... .. ... .. .. .. 400 Borehole on Graspan 358, 5 miles East-North-East of Pienaars

Raver. e 4/ 7/40
77 Tretoria, Transvaal .. 140 Borehole on Kalkbewvel 380, 3 miles East-North-Fast of Picnaars

3 T U 3/ 7/40
477 Waterberg, Transvaal.......... ..., s IO Borchole on farm Smaldeal 893, 6 miles North of Tuinplaats. . ... 12/ 1/42

i

479 | Waterberg, Transvaal.. ... ... ... ... ... ! Borehole on farm Kromdraai 887, 16 miles East of Tuinplaats. . | xz/ 1/42
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he Bushveld sandstones of the far North are very similar and
.0 highly felspathic, but dolerite intrusions, so common a feature
upper Karroo strata in the South, are rare.

lybergh (16) gives a porosity of 20 per cent. for there Bushveld
ones. From the point of view of this study, the chief charac-
¢ of all these Stormberg cediments is their highly felspathic
> and their poro-ity.

s mentioned in the previous section, there is geological evidence
increasing aridity of climate in the later stages of the Karroo
“and the Stormberg sandstones bear all the characteristics of
t origin (Du Toit 14, pp. 502-503) so that in depth the abundant
grains in these sandstones are probably fresh. This fact has
portant bearing on the composition of the underground waters.
rom palaeontological evidence the age of the Stormberg sediments
cen put down ds Upper Triassic.

UNDERGROUND WATER SUPPLIES,

he borehole supplies, according to Frommurze (3, pp. I152-153)

follows - Average Yield

wn Gallons  Average Percentage
per Diem. Depth.  Failures.
Northern Zoutpansberg. .. Very little drilling.
Springbok Flats area..... 17,400 180'-200’ 20
Ficksburg, ILadybrand and

Wodehouse districts

(Molteno Beds of the

Stormberg Series)...... 13,550 g0’ 15

ery little drilling has taken place on the Barutoland border
ts, for the country is highly dissected and mountainous and is
atered by numerous springs and vleis,

QUALITY OF THE WATER.

hese districts underlain by the Stormberg sediments cannot, at
ent time at any rate, be regarded as of any potential industrial
ance. The formation is of limited extent, and consequently
thor has not devoted a great deal of study to the waters rising
series. ‘

he areas in the northern Zoutpansberg occupied by this formation
very limited extent and sparsely inhabited. The author has been
to obtain samples of the Bushveld sandstone water from these
districts, but has no reason to doubt that the water will differ
hat in the Bushveld sandstones in the Springbok Flats,
hirteen samples were taken over a wide area in the Ladybrand,
urg, Steynsburg, Wodehouse, Aliwal North, Stormberg, Mnlteno,
r districts, and the Pienaars River and Springbok Fiats areas.
ief characteristics of the waters are shown in Table 24.

here is considerable variation in concentration of dissolved salts,
ntly depending on climatological factors, but the total solids
e about 38 parts per 10% In the Springbok Flats with its lesser
1 the concentration of salts is always very high compared with
f the Basutoland border areas.

e pH. is consistently high at an average of 7-8.

view of the high soda alkalinity it is rather surprising to note
e silica content is relatively low averaging only 8-3 per cent.
total solids.
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The chloride content is lower than in the case of the.

and upper Beaufort waters, averaging only 6+3 per cent. CL i
of total salts.

XXI—-1

Under th
of Stormberg
Sulphates are consistently low, averaging only 1-8 pér cel Joidal basalts

on the dissolved salte.

NaHCO,, rarely Na,CO,, is nearly always present in large a

averaging as much as 30 per cent. {(as Na,CO,) in terms of total The grea

adjoining higl
Cape Provine
extremely smu
of the Zuurbe
of interest to
The Lebo
strip of lavas
Swaziland up
of this age.
The Busl
important agr
Fluorides are rarely present and only one sample in T central Trans
contains ovet 1-0 parts I, per million, namely sample 178. | centres such ¢
358), near Pienaars River) which has a fluoride content of 3.7 pa A very sr
' lies near Blaa

The author advances the same theory as was used in the P
section to account for the consistently high soda content o
waters, namely, the highly {elspathic nature of these sandsto
their probable acolian origin. Dolerite intrusions, though ¢o
the South, are not found in the Springbok Flats and could not thi
be the cause of the soda alkalinity. :

As in the case of the waters from the middle and upper Be
series, there is always more calcium than magnesium salts
the ratio being 1:07.

Permanent hardness is, of course, very seldom present,

there is generally an appreciable soda alkalinity. The ten Thgagiliﬁ

hardness compounds Ca(HCO,), and Mg(HCO,), are appn Leboml]

averaging about 50 per cent. (as CaCOy) in terms of the total Letaba
These waters are very similar to those arising in the Sto Springt

volcanics (Table 25) except for the higher silica content an

soda alkalinity of the latter. As aforementioned the waters are

identical with those arising in the middle and upper Beaufort According

The chief difference is in the chloride content which 1s lowe

following are
. o
Stormberg series.

As mentioned in a previous section—taking the water _
Karroo system as a whole—there is a gradual diminution in c

and rulphate and in increase in soda alkalinity as we pass frt (a) Spr:
Iowest member of the system, the Dwyka, through the Ecca. (b) Zou
Stormberg series. ~ bori
o, ] {c) Leb

These waters fall naturally into what the author has term
In the Be

alkaline soda carbonate group “ D ”. _ .
Batural suppli

Though the hardness is all temporary and is consequently drilled.
eliminated, these waters on account of their high soda content p

some rather difficult problems when considered for steam

purposes. The correction or utilisation of these waters for inds va tIn the ~B‘
purposes is dealt with fully under the Group D waters. pr(? do;ﬁf;f;og‘
‘Though appreciable “ Black alkali” (coda) is nearly Du Toit (- '

present, it is not generally in sufficient concentration to aff{?ct';-
of this water for irrigation, though one or two waters shown in’
would only be suitable for irrigation with loose well-drained-
solids. They are suitable for domestic use and watering live

The low chloride and sulphate content of these water

from arguments used in previous sections, point definitely t
water and not a salt water origin. :

asalts, dark ;
8as cavities fil
Such as heulan
_(SOmetimes wit
o andesine).

. Accescory
the rocke is e
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IN THE STORMBERG LAVAS.

. Cl. in tery :
m term Under this heading the author has included all volcanic rocks
tormberg age, including the Lebombo lavas, Bushveld amygda-

al basalts and the Drakensberg volcanic beds.

DISTRIBUTION AND RAINFALL.

arge a
ge fronn he greatly dissected mountain land of Basutoland and the
| Natal and the Barkly East districts of the

Province are occupied by Stormberg lavas., There is also an
remely small occurrence of lavas and tuffs on the southern slopes
the Zuurberg in the southern Cape Province, far too limited to be

terest to this study.

The Lebombo range o
of lavas stretching from near E

iland up to the Limpopo river a
is age. _
The Bushveld amygdaloidal basalts occupy a large part of the
icultural district known as the Springbok Flate in the
ral Transvaal, which includes small but important agricultural
res such as Naboomspruit, Settlers, Zebedela and Warmbaths.
A very small area underlain by the Bushveld amygdaloidal lavas
near Blaauwberg in the Zoutpansberg district.

went, Ins
nstea The rainfall is as follows —

- XXI-—THE WATERS

n the previoys
itent of thegs
andstones ang
gh common in

d not therefore { hills, an exceedingly long but very narrow

mpangeni in Zululand, through
long the Portguguese border, is

ipper Beaufort
salts present,

e m Table 24
178.  (Graspan
f 3.7 parts .

“he tempora

- r
P Basutoland....ooev e 25"—75" per annum.
735" per annum.

e a i
he tgg;ecszaﬁ: Lebombo Range, Zululand. ... .. 30"-35

Letaba and Zoutpansberg......- 15"—20" per annum.
the Stormber Springbok Flats area....ooco-vxs 20"-25" per annum.

ent and lowe
UNDERGROUND WATER SUPPLIES,

ters :
3eaufort series. ] '
'« lower in the (2, p. 128) and Frommurze (3, p- I33) the

. According to Du Toit

owing are the yields :—
Yield i

Gallons ~ Average Percentoge

waters in th
jon in chlorid per Diem. Depth.  Fatlures.
pass from the (a) Springbok Flats area.... 26,000 g0’ 19
he Ecca to the (b) Zoutpansberg {(very little
SR Y65 1:7=) FENVPRRDIPIREEE 26,000 g0’ over I9

has termed th () Lebombo Basalts....... 15,000 180 20

In the Rasutoland area, the formation, on account of abundant

ral supplies in the form of springs and Tivers, has not been

GEOLOGY AND LITHOLOGY.

In the Basutoland arca these volcanic beds are composed of a
succession of basic lavas, tulfs and agglomorates, with lavas

ominating.
‘Du Toit (14, PP- 274—275) has described the lavas as being mainly
olour, often amygdaloidal, with the

its, dark grey or black in ¢

cavities filed with either agate, quartz or calcite, or with zeolites
1 as heulandite, ctilbite, etc. The rock itself is composed of augite
metimes with olivine) and plagio
andesine).
- Accessory minerals are magnetite and apatite.

rocks is essentially basic.

-5 for industri
1S,
nearly alwa

o affect the u
.own in Table 2

Irained types of
ring livestock.

. waters would,
iitely to a fresh

clase felspars (commonly labradorite

The nature of
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In the Lebombo range the lava is also generally basaltic,
towards the summit the basic lavas give place to the more ag
rhyolitic rocks. As far as this study is concerned, the majority
rocks are highly bacic varieties.

In the Springbok Flats the lavas are rarely exposed a
generally covered by a thick mantle of black or reddirh soil:
are typical amygdaloidal basalts. Hatch and Corstophine (;
257-258) describe them as being of a sage-green colour, well g
with amygdales, which are sometimes filled with calcium caz
(in form of aragonite) and sometimes with pinkish-white
(heulandite) or sometimes with agate and chalcedony. The:
is similar to the Drakensberg lavas deccribed by Du Toit.

The analysis of the Stormberg bacalts throws light on th
position of water. Curiously enough there appears to be ve
analyses recorded in the literature. A few are given below, in
~one made by the author :—

It was not poss
d Zoutpansberg

gions are very i
at those waters

cept that in the -
an further south
Except for B
vered. From th

ount Aux Source
pringbok Flats a
¢ shown in Tabl

The springs of

ANALYSES OF STORMBERG BASALTS. bout 40 parts to
The silica con

|
I 2, . .
X tal solids, a fac
_ A o % ontent of nearly
Si0,. 4600 5075 4220 45° .
TiOg. oo 2457 13 1'go . Fluorides are
AlLOg oo oo, 222 1380 845 .
FegOguvvvnvinn.. .. 10°12 46+ 50 863 Chlorides are
“e0. .. 302 620 780
MnO............. — 010 015
MgO............. 2+Qo 7-10 8+9o0
CaO. 5+60 §-go 980
X,0. 1531 ,. 0851 ,.., X350 .,.
Na,O.ooovonn ... 3-41 §4 94 285 [3°7° 6-00 f7°35
PO — 0-20 0Q0
HO 4+ o000 0-8s 235 2+ 80
H,O —.. .o 0. 145 1-88 1-60
COM vt — — —
ToTaL...... 10040 10075 , 10050 i 250 that prevai]
Ratio CaO : MgO.. 1 1:0'5 1009 { 1:0:9 olsture on thes:

Sulphates ar

. Lebombo Basalt, Goba Portuguese Africa. (R. B. Young, Trans. G.S.5
fthe total salts

KXXIIT, 1IT).

2. Zuurberg Basalt, Cape Province. (Haughton and Rogers, Trans. R.5.5 The chief ¢
XI . o

» 245) tormberg sedim

3. Nepheline Basalt, Limpopo River, Nothern Transvaal. (Rogers, Trans. . .
1925, XXVIII, 50). ‘ Wways present 1

4. Amygdaloidal Basalt (Nepheline) near Letaba Camp, Kruger National Park
Transvaal. (Analysis by G, W. Bond). Taken near where borehole water:

418-—was collected. fcaleium and m

There is al
20 : MgO ratio
_hEre the water
Ontains more ¥
The pH. of t

_f cases below
Tesent.,

These water
Wrmberg sedir
' - = Wer while the

These analyses reflect the bacic nature of these rocks.

A notable feature is the relatively high (Na,0) soda con
these rocks, particularly the nepheline varieties, a fact which 18 ¢
in the appreciable soda alkalinity of the basaltic waters,

The particularly high Na,0 and CO, content of the Leta
basalt (No. 4) is due no doubt to the fact that the basalt in t!
is a nepheline basalt, and in addition contains a particula
number of zeolite and calcite amygdales.

The rocks as a whole always contain more CaO than M
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QUALITY OF THE WATER,

t was not possible to obtain samples of water from the Zuurberg
Zoutpansberg basalts, but in any case the formations in these
s are very limited in extent, but there is no reason to doubt
those waters will be similar to the basaltic waters elsewhere
reddish soil, The t that in the Zoutpansberg the water will be more concentrated
rstophine (29, further south.

Jlour,_ well spotteg xcept for Basutoland itself, the other areas have been well
caleium carbongy ed. From the economic point of view the areas underlain by
nkish-white zeoljt berg basalts are not of great importance. Eighteen samples
been taken from Barberton district, Letaba (Kruger National Park),
t Aux Sources (Basutoland border), Warmbaths, Pienaars River,
ghok Flats and Umbombo district (Zululand), and the results
hown in Table 25. .
he springs of the Basutoland area yield exceptionally pure water,
is as regards the concentration of salts, but elsewhere the
berg lavas yield waters of medium concentration, averaging

ly bacaltic, thq
the more acig ag
the ma.jority of th

7 exposed ang ar

light on the com
s 10 be very fey
en below, including

E;w__ . 40 parts total solids.
MTM““ he silica content is fairly high, averaging 12-2 per cent. on the
—— solids, a fact which is not surprising in view of the high soda
% nt of nearly all these waters. _
45°
I;:ég luorides are not found except in minute amounts.
{Fo,Oy) hlorides are generally very low indeed, the average being 6-6
fi220) nt. Cl in terms of the tofal solids. In the Ubombo district in
362 and however, the chloride content tends to be higher, averaging
2_’32 per cent. on total solids, while magnesium is relatively high,
}7'35 705 £9'05 at in dry seasons the water in this area may tend to become
— y brackish. Trommurze (3, p. 162) points out that further
:}2-90 n the Hlabisa and Nongoma and Ngotsche districts the waters
| 239 ften quite brack. The relative increase in chlorides in these
Troosg can no doubt be accounted for by their close proximity to the
that prevailing winds and frequent mists deposit salt impregnated
1:0:43 ure on these areas.

, Trans. G.S.S.A. 1021,

ulphates are extremely low, averaging only 0-8 per cent. SO
total salts.

he chief characteristic of these waters, like those from the
berg sedimentary rocks, is the soda alkalinity which i¢ nearly
s present in appreciable amount, averaging 14-7 per cent. (as
s), consequently permanent hardness is seldom found. The
porary hardness is moderately high, the scale-forming bicarbonate
lcium and magnesium averaging 52-7 per cent. of the total solids.

, Trans, R.S.8.A. 102
Rogers, Trans., (.S.8.

- National Park, Easte
borehole water—Samp

here Is always more calcium than magnesium, the average
MgO ratio being 1: 06 except in the Zululand coastal district,
the water ic slightly brackish, on account of cyclic ses salts and
ains more MgO than CaO.

he pH. of these waters is high, averaging 77, but in the majority
ases below 8-3 indicating that NaHCO, and not Na,CO; is
nt. ‘

These waters are very similar indeed to those rising in the felspathic
berg sediments, except that the soda alkalinity is a-good bit
r while the silica is higher than in the latter formations.

se rocks.

0} soda content o
ct which is reflecte
waters.

f the Letaba Camp
basalt in this are
particularly large

O than MgO.
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UTILISATION.
The springs arising in the exceedingly well watered Bag
country giverise to waters which approximate more to the pur
Group “E”, on account of the low concentration of sa
elsewhere the waters are typical alkaline soda carbonate:

(Group “D ") and the technical utilisation and treatment
types is discussed under that group. (Section XXV),

It may be mentioned here that since the absolute quan
Na,CO; or NaHCO, present are never very grest, these wa
quite suitable for all domectic purposes, watering livestoc
irrigation.

The basalts in the Zululand areas tend to yield <lightl;
water and are classified therefore under Group “B".

XXIL—THE WATERS IN THE CRETACEOUS, TERTIAR
RECENT COASTAL FORMATIONS.

These formations are not of great importance in relation
study since they are restricted in area, except along the Z
coast, where, however, the country is wild and sparsely popu

The enormous areas underlain by these formations in Por
Fast Africa do not fall within the scope of this study.

The chief interest in these waters lies in the fact that the
are definitely of marine origin and have retained connate sea

DISTRIBUTION AND RAINFALL,

In the Cape Province the chief occurrances of Cretaceo
are in the Worcester, Oudtshoorn, Mossel Bay, Humansdo
Uitenhage districts, while in the Riversdale, Bredasdorp, A
and the Cape Peninsula districts there are fairly extensive e
of formations more recent than the Cretaceous.

Other occurrences of Cretaceous and the more recent fo
in Pondoland and also in the Durban district are too Limited
interest to this study.

Extensive cxposures of these formations are found a
Zululand coast east of the Lebombo range.

The average annual rainfall varies as follows :—

Bredasdorp. .o vee e i 10" ~1F
Worcester, Oudtshoorn, Mossel Bay.......... 1572
Humanedorp, Alexandria.................... 20"-39
Zululand. ... Lo oo 40"~

GEOLOGY AND LITHOLOGY.

The lowest beds in the Cretaceous system consist m
pebble and boulder beds, while the upper beds consist mainly
marls and sandstones. The lower beds are supposed to h
laid down under fresh water, but conditions changed to estu
finally marine (Du Toit 14, p. 338). Fossil marine mollusca
abundant in the upper beds and there is no question as to thel
origin. , _
The Tertiary and Recent formations consist mainly of 1o
deposits. Some of the sands, as in the Cape Flats areas, are ¢a

) AMYGDALOI

36

Trace

Nil

Nil

62
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DESCRIPTION OF SAMPLES IN TABLE No. z25.

District and Province. ng;{:ﬁk Locality, Description and Remarks. Date.

. Feot. !

P Hbhombo, Zulnland. oo oL - Well, 2z miles North-West of Ubombo.......ooooiiiiiaios. /1141
Ubombo, Zuiuland......... ... ... .. L. e i Well at Ubombo, 16 miles Sout-East of Ubombo. ... ... ..., 5/11/41
Bergville, Natal... . ... ... il —- Spring at National Park Hostel, ML Aux Sources............. 5/ 4/a1
Barberton, Transvaal. .. .. .o .o L —_ ! Borehole at omalipoorl, .. . o 2/ g9/41
Tetaba, Transvaal. ... .. ... ... ... ... .. e Borehole at Lotaba Camp, Kruger National Park. ... .. ... .. Juty.

! 1941

D Letaba, Transvaal. oo oo oo oL — ' Borehole at Shingwedzi Camp, Hruger National Park ... 0. ... i July,

- : i 1941

E Waterberg, Transvaal.o oo o o oL 102 Borehole near Location, South of Warmbaths...... .. . ..... 29/ 8/3¢

| Waterberg, Transvaal..o.........o.......... 100 Borehole at Abattoir, South-Tast of Warmbaths. ... ... . ... .. 3/ 8/3¢
Waterberg, Transvaal. ... .. ..o o L 11 Borehole on farm Bothavley 1187, near Codrington Siding. .- ... 30/ 3/39
Pretoria, Transvanl. ..o oo oo L. 63 Borchele on farm Langhkuil 836, near Codrington Siding. ....... 13/11/39
Waterberg, Transvaal. ... . ... L 400 Borchole on farm Klippan 1019, ¢ miles North-East of Pienaars

L 13/11/3g
Waterberg, Transvaal........... .. o . 180 Borehole on farm Merinovlakte Soo, § miles South of Warmbaths | 11/10/39
Waterberg, Transvaal. ... ... ... L. 200 Borehole on farm Blaauwbosehkuil 748, 11 miles North of Pienaars

River. {Dr. Ockerse anal. Div. C8)......o oo 1940
Waterberg, Transvaal.. ... ... ... . — Borehole in Naboomspruit.  (Dr. Ockerse anal. Div. C8)... ... 1940
Waterberg, Transvaal. ... ... ... oL 160 Borehole on farm Leeuwkuil 10z0, 2 miles West of Worthing

T4 . i r2/ 1742
Waterberg, Transvaal..o..... oL — Borehole in Settlers. . ..o i i i i s 12/ 1/42
Waterberg, Transvaal. ...l 180 Borehole on farm Klipplaats 944, 6 miles South of Crecy Siding. . | 12/ 1/42
Waterberg, Transvaal. ... ... .. ... — Borehole on Tuinplaats Siding...... .. ... .. ... .0 0 .. 12/ 1/42
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URNDERGROUND WATER SUPPLY.

Owing to the general high salinity of the water, there has been
ttle boring for water in these formations. Further, according
ommurze (3, p. 122) and Du Toit (2, p. 130) these formations
mewhat difficult to drill owing to the tendency to caving, because
he soft and unconsolidated bands present.

xcluding the artesian area at Zwartkop, in the Uitenhage district,
elds are low, averaging under 10,000 gallons per diem, the water |
struck at depths of between 120" and 130°. A large percentage
he water is ‘‘ brak 7. '

he Tertiary beds at Alexandria give higher yields (31,000 gallons}
ccording to Frommurze the percentage of brak water i3 77
nt.

ccording to Frommurze the yields in Zululand are not high
g from 2,000 to 20,000 gallons per diem struck at about 100,
he supplies are generally unpotable on account of salinity.

QuarLiTy oF THE WATER.

he author found great difficulty in obtaining samples of under-
d water from these formations, since, as aforementioned, relatively
boring has been carried out in these formation, and many
holes have been abandoned, on account of high salinity.
wenty-three analyses of waters from the Cretaceous, Tertiary
ecent coastal formations in the Cape Province and Zululand are
in Table 26, including several of Juritz's analyses, made as
ago as 1god.

he chief characteristics of all these waters {rom the Cape Province
exceedingly high salinity, concentrations of over 500 parts
5 total solids being by no means uncommon, while the average
ut 350 parts per 10% which is higher than in any other waters,
pt for the Old granite waters in the North-West Cape.
nfortunately most of the samples from the formation in Zululand
wsed by the author were taken near the railway Ime from
ngeni to Matubatuba, that is, on the landward margin of the
aceous formation, where the strata are relatively thin. It was
impossible to obtain samples of underground water from nearer
oast, where the beds are much thicker owing to the fact that
majority of boreholes and wells formerly in existence have been
oned, on account of salinity.

r. Du Toit has assured the writer that the vast majority of
oles put down along the coastal belt in Zululand many years
by the Irrigation Department, yielded highly saline water, so that
rue mean composite of waters in the Cretaceous and Tertiary
n Zululand is likely to show far more salts than those shown
ble 26, which were taken near the margin. Therefore the waters
e Zululand coastal belt are shown as “ highly saline” in the
r's water map. The high salinity of all these waters, both in the
Province and Zululand, is interesting in view of the fact that
verage annual rainfall is not low anywhere, while in Zululand
ery high indeed. Climatic factors thevefove seem not fo influence
y of ground waler as much as is genevally vmagined.

s is the case in all highly saline waters, silica is extremely low,
case of the Cretaceous and the more recent waters in the Cape
ce, the average SiO, content is under 1-5 per cent. in terms
1e total solids. :
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Chlorides are always very high, averaging in the case CEOUS SYS
Cretaceous water in the Cape Province, 42-1 per cent. Cl in ¢
the total salts. The chloride is present mainly as NaCl and
as MgCl,. ~
Sulphates are always high, averaging in the case of the Cre
waters in the Cape Province over 8 per cent. SO, The Terti:
Recent waters have a slightly lower sulphate content.

In some of the Cretaceous waters there is more magnesi
calcium though the CaO:MgO ratio varies considerably a
average works out at 1:1-1. The percentage of CaO and
never high, so that the total hardness is not very high, av
20 per cent. (as CaCOy). .

There is usually a good deal more calcium than magnesium
waters rising in the Tertiary and Recent coastal deposits. Thi
account of the fact that, as already mentioned, the sands ar
calcareous, particularly in the Cape Flats area.

A characteristic feature is the very low Mg(HCO;), and Ca(
hardness (about a third of the total hardness) and the extreme
permanent hardness.

These waters therefore may be regarded as potentially co
as well as scale-forming,

Soda alkalinity i1s exceedingly rare. Instead there is
permanent hardness.

Data regarding fluorides are insufficient but the indicatio
that these waters do not carry more than traces of fluorides.

These waters belong therefore to the highly mineralised ch
sulphate group and their corrective chemical treatment and util
for technical purposes is discussed under Group A.

It may be stated here that the majority of waters from the
beds of the Cretaceous system and the more recent formations:
Cape Province and Zululand are generally too saline for p
purposes, and sometimes even too saline for watering livestoe

In many cases they are even brak for irrigation purposes.
tunately many of the towns situated on these formations are 4
obtain fresh water supplies from other sources.

As in the case of water from the Malmesbury slates and Bok

series, a comparison of the average percentage composition L
Cretaceous waters with sea water (Table 27), shows a striking 1 3 —
blance except that there is not the same preponderance of magn P v
over calcium. It must be remembered however, that the water:
tend to pick up calcium from the clay and marl beds through o) 15
it percolated. ; i
The essential characteristics of oceanic waters are however ;"""“‘”"‘ 200
namely — —
Cl > SO, > CO, > and Na > Mg > Ca. 4 215
The waters arising in the Cretaceous and more recent form 0 745
can therefore be used as a basis of comparison when investigati o

origin of other waters, for there is not the slightest doubt as.
marine origin of these beds or that they have retained a certain &
of the original (connate) sea water.




TABLE No, 26.—WATERS IN CRETACEQUS SYSTEM AND RECENT COASTAL DE:
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I54 DESCRIPTION OF SAMPLES IN TABLE No. z6.
Saﬁf_’ lo { District and Province. } %g;;lt’ﬁ{c Locality, Description and Remarks. Date.
! foet.
T4l Worcester, Cape Province.. ... .......... 260 Borehole in Worcestor. .. . ot e 20/12/30
140 Worcester, Cape Province.................. 150 ‘ Borehole at Brandwacht. {Deposits izron oxide on standing).... | 20/12/39
200 ) i Uitenthage, Cape Province... ... ....... ..., ‘ 461 | Borehole at Gienconnor. (Anal, Juritz, Ref. 365)............ god
246 ! Mossel Bay, Cape Province................. n Spring near Mossel Bay.  {Anal. Juritz, Ref. 361).......... 1908 )
245 - Oudtshoorn, Cape Provinee. ... ... ... Borehole at Welgedacht, 13 miles West of Qudtshoern.  {Anal. 1gcl
Juritz, Ref. 362)
248 Alexandria, Cape Province........... s : - i Spring at Nickerk's Flope. {Anal. Juritz, Ref. 371) L 1908
) 2@947 i Alexandria, Cape Province........ N .. ; — Spring at Mimosz. {Anal. Juritz, Ref. 375)...... .. ... ... 1908
i 247 1 Uitenhage, Cape Province............... ' e Borehole at Stembolviakte.  (Anal. Juritz, Ref. 369).......... 1go8
i 448 ﬂ Uitenhage, Cape Province,.............. - : — Spring at Sandfontein. {Anal. Juritz, Rel 368).............. 1908
449 Alexandria, Cape Province. ................ 1 — Borehole at Sandflats, {Anal. Juritz, Ref 374)........... ... 1908
472 ; Oudtshoorn, Cape Province................. } — ! Spring at Qudtshoorn...... P 2g9/12/41
505 Port Elizabeth, Cape Province.............. r 200 T3orehole, Lesties, Walmer. {Anal. Govt. Lab., Johannesburg).. | 135/ 7/33
473 Hiabisa, Zulndand. . ... ... ... ... ... ... | — Spring at St Lucia Bay... oo - 5/ 1/42
4Go ‘ Ubombe, Zululand.......... ... L i e Well dn Monzi ..o oo - 5/F1/41 )
504 - Lower Umfolozi, Zululand....... ... .. ... . t8 Weil, Hunt, Leuchars & Hepburn's properiy, 200 vards East of | 30/ /42
| Kwambonambi Station
- 503 Tower Umlelozi, Zululand... ... ... .. iSo | Borehole, Delville Estates, Goo vards West of Kwambonambi | 30/ 1/42
i Station
311 K Hiabisa, Zululand. . ... P — Borehole at Matubatuba Station......................... Cos 20/ 2/42
I5T Stellenbosch, Cape Province.. ... PR 60 Borchole East of Viotfenberg Stafion.  {Superficial sandy deposits.) | 16/12/40
Deposits iron oxide on standing
) 105 3 Cape Peninsula, Cape Province.............. 50 Borehole at Kommetje, Cape Town.  {Sandy covering over TM.B) ; 16/12/40
) 469 Cape Peninsula, Cape Province............. 25 Well near Zeekoevlei. (Supérﬁciai sandy deposits)............ af12/41
3564 . Cape Peninsula, Cape Province............. — ‘ Borehole on farm Matroos{ontein, Cape Flats.. ... e 7/ a/42
372 { Namaqgualand, Cape Province........ ... .. —_— Borehole, Alexander Bay State Alluvial Diamond Diggings. 2/10/36
i {Anal. Govt. Lab., Johannesburg)
" 373 ! Alexandria, Cape Province....... Ce e — i Borehole in ALCKBRGFR. . . ..o e 21/ 9/42
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rncidentally Du Toit (14, p. 354) in a description of the small
~cous basin at QOudtshoorn states that there are no marine fossils
¢ beds to indicate that the sea ever extended into this region,

However, the analysis of Cretaceous water from 2 spring 1n
hoorn (No. 472, Table 26) shows that it does not _differ from the
y saline Cretaceous water found elsewhere, except that the sulphate
t is higher than usual, so that it 1s possible that here the beds
aid down in an estuary.

is interesting to note from Kenny (77, P- 140) that the Cretaceous
of the West Darling district, Australia, also yield highly saline
r, and that this water is probably of connate origin.

XI11.—A COMPARISON OF WATERS FROM VARIOUS
GEOLOGICAL HORIZONS.

(ARY OF ANALTYTICAL Data AND CLASSIFICATION OF WATERS.

 summary is given in Table 27 of the analytical data (averaged)
gach geological horizon, as tabulated in previous sections.

he underground waters of the Union have been classified by

uthor into 5 groups. There is naturally, a certain amount of

ing of types.

) Group A ——Highly Mineralised Chlovide-Sulphate Walers.

he chief characteristics of this type are as follows -

(1) These waters usually contain 100 to 400 parts of dissolved
salts per IO®

(2) Low Silica.—Expressed as a percentage of the total salts

Si0, is very low being under 4 per cent.

(3) Chlorides.—Very high in actual quantity and expressed as

a percentage of the total generally exceed 27 per cent. CL

but are as high as 51 per cent. CL '

(4) Sulphates are relatively high, generally exceeding 6 per cent.,

So, and in the waters from some formations being as high

as 17 per cent. SO,

(5) Na,LO; o7 NaHCO,—Soda alkalinity 1s never present.

(6) Hydrogen ion Concentration.—The pH. varies but averages

about 7-4.

(7) Hardness.—The total hardness is generally well under 48

per cent. (as CaCO,) while the permanent hardness is

generally well over 12 per cent.

s shown in previous sections, some of the waters in this group

cimate more closely than the others to the oceanic type of

which the relation between the constituents is as {ollows :-—

ClL. > 80, > CO, > and Na > Mg > Ca.

ppreciable sodium and magnesium chlorides and sulphates are

eristic of this oceanic type.

w, as stated in previous sections, it has been proved on palae-

ical and other evidence that certain rock formations have

cen laid down in the ocean, or else the strata have suffered

e inundation at some period after formation. Further, since

rmations are of an argillaccous character, they tend to retain

{ this connate or entrapped sea water. Of these waters those

in the Malmesbury and Cretaceous beds most closely approxi-

o sea water in composition.
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In the case of the former it has been established that a
transgression across the strata took place in comparativel
times, while in the case of the latter it is known that the fo
was laid down in the sea in a fairly recent geological epoch
longed leaching could hardly have taken place in either case;
remembered that the longer the period available for leaching,
will the ground water resemble the original entrapped sea w,

For comparative purposes, an analysis of sea water is
Table 27, which, also expressed as a percentage of dissolv
is the one cited by Clarke (43, pp. 126-12%) and represents t
of 77 analyses of oceanic waters, carried out by W. Dittmar.
tally, Dittmar’s analyses indicate the extraordinary unifo
percentage composition of the open oceans in spite of differ
concentration.

As previously stated there is some evidence from the.
Joly and others that the ancient oceans were not as saline .
of today.

The resemblance between sea water and some of the w
the saline group, is most striking, but there is not the same
derance of magnesium over calcium in the latter as exists in
This fact is readily explained on the grounds that these high
waters, reprezenting entrapped or connate sea water, pick up:
amount of calcium from the argillaceous beds through W,
ground water percolates, since certain layers are calcareous,

It is interesting to note from Table 27 that there has
gradual diminution in chloride and sulphate and a gradual di
from the oceanic type of water, as one proceeds from the
series to the lower Beaufort SGI’iCa, while in the succeeding mi
upper Beaufort waters the percentage of chloride has drop)
negligible amount.

As previously shown this diminution in saline chala
cannot always be explained as due to climatological factors

In conclusion it may be pointed out that although the'
this group are very saline, their salinity is nothing like th
majority of underground waters in West Darling Di
Queensland, Australia (Kenny 77, pp. 146-151) and or in’
nite of Western Australia (Simpson 357).

The salinity of many of these waters can only be des
terrific.

(i) Group B.—Slightly Saline Chloride W aters.

Except for a lower sulphate content, there is very little:
in percentage composition between the waters in this group
Group (A) waters.

In concentration there is, however, a vast difference f
group the total salts are only about 30-35 parts per 10°

It has been suggested that the slight salinity of the
can be explained on the grounds that the rock formations :
are exposed very near the coast and that salt-laden mists-
sea, driven inland during gales, are responsible for the slig
The chloride in these waters is therefore cyclic.
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Although the water m the Table Mountain series in Natal and
¢ Cape Province, and the waters arising in the Witteberg quartzites
e Cape Province have been placed in the pure water Group (E)
count of the exceedingly low concentration of salts, in percentage
osition they approximate to the slightly saline Group (B) for
ercentage of Cl in these waters is over 31 per cent. CL

The relatively high chloride in these waters is also due, no doubt,
clic salt, since these formations also outcrop near the sea.

- (iti) Group C.-—Temporary Havd {Carbonate) Waters.

The chief characteristics of this group, as exemplified by the
rs rising in the Dolomite, Ventersdorp system, Pretoria shales,
basic rocks of the Bushveld Igneous Complex, are as follows :—
(1) Hydrogen Ilon Concentratton.~—The pH. of these waters is
consistent]ly high (about #-8).

(2) Concentration of Salts—Except in the very arid westerly
regions, there is a medium concentration of salts ranging
from 25—40 parts per 1089,

(3) Silica—LExcluding the waters arising in the basic zones of
the Igneous Complex, the 5i0, content is moderately low,
ranging from 6-5 to 11 per cent. SiO,.

(4) Chlorides—These waters have an extremely low Cl. content,
ranging from 5 per cent. to 8 per cent. CL

(5) Calcium and Magnesium Bicarbonates—A relatively very
high temporary hardness is the chief characteristic of this
group of waters. 68-go per cent. of the dissolved solids
in these waters consist of Ca(HCO,), and Mg(HCO,),.
There 1s very little permanent hardness.

The waters arising in the basic and ultra basic rocks of the
wveld Igneous Complex (more particularly in the pyroxenic and
asic rocks) should, by right, be allocated to a sub-group, for
aters, as shown on page 52, consist very largely of Mg(HCO,),
vith an appreciable silica content. Ca{HCO,}, is present in very
~amount. The percentage of Si0, i1s extraordinarily high (16
ent. Si0O,) and the absolute amounts present are higher than
y other waters, excluding the Pondoland Dwyka springs.

(iv) Group D.—Soda Carbonate Waters.

aters arising in the middle and upper Beaufort beds, the
erg sediments and lavas, Red granite, Pilansberg alkali rocks,
d granite of the Northern Transvaal).

ese waters may be regarded as a sub-group of Group (C), for
e also carbonate waters, the only difference being that, whereas
case of Water Group (C), the alkalinity is mainly due to
0,),-and Mg(HCO,),, in the case of the soda carbunate group
rs there is, in addition, an appreciable amount of sodium bicar-
and sometimes sodium carbonate. There is naturally a good
overlapping between Groups (C) and (D).

1) CaO: MgO Ratio.—There is generally far more calcium
than magnesium, except in the case of certain Old granite
waters.

(2) Silica.—E xcept in the case of upper Beaufort and Stormberg
waters, the 810, content is generally very high, ranging
from 12-18 per cent. SiO,, in terms of total salts,
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(3) Sulphates.—Except in the case of the upper Beaufo
the SO, content is very low indeed and even in the
waters it is not very high.

(4) Nay,CO; or NaHCO,—The chief characteristi
waters is the very high soda alkalinity whig
generally from 15-38 per cent. (as Nay,CO,) and:
NaHCO, rather than Na,CO,  Sometimes,
Na,CO, is present as well.

(5) Hardness—Unlike the waters of the previot
Ca(HCO;), and Mg(HCO,), seldom exceed 50 pe
CaCOy,).

(6) Chlorides.—Except in the case of the Red granit
the chloride content is very low.

(v) Group E.—Pure Water Group.

(Witwatersrand system, Pretoria quartzites, Waterbe
stones, Table Mountain series in the Cape Province and Nata
Old granite waters in the Southern Transvaal).

As would be anticipated, the pure waters are those
sandstones and quartzitic rocks.

The chief characteristics of this group are :—

(1) Low Concentration of Salts.—The concentration i
well under 15 parts per 10°.

Some of these waters, particularly some of th

in the Pretoria quartzites, approximate to distill

with total salinities of only 2 to 4 parts per 1

(2) Hydrogen Ion Concentration.—There is general
acidity, the pH. being just under 7-0. This i
expected in waters arising in rocks composed
silica and so devoid of bases. The clight acidit
free CO, in solution,

(As has been shown, the waters from the Tabl
series in the Cape Province often show pH. w
low as 4°5 which is due to acidic organic collo
a less extent to free CO,.)

(3) CaO : MgO Ratio—MgO generally exceeds CaQ,

(4} Stlica—The SiO, content is generally quite hj
cularly in the case of the Old granite waters in th
Transvaal. The exception is the water from %
Mountain series in the Cape Province which, ho
aforementioned, approximates more to the sligh
Group (B).

(5} Chlorides~The Cl. content is generally mode
ranging from 8-14 per cent. ClL. with the exceptl
waters arising in the Table Mountain series in
Province and Natal, and in the Witteberg qu
all of which show over 30 per cent. Cl. The
however, overlap as aforementioned into the slig
Group (B).

(6) Hardness—These waters are all very soft.
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GENERAL OBSERVATIONS,

A study of Table 27 Dbrings to light the following -
The most saline waters (excluding the Pondoland Dwyka
springs, which are few in number) are those rising in the Old

L1C of they granite of the North-West Cape, which show an average con-
thich  range centration of nearly 700 parts per 105,

and 1S due ¢, ' The purest waters are those rising in the quartzite and
25,  howevey sandstones of the Pretoria series, Witwatersrand system and

Waterberg system.

The most alkaline waters are those aricing in the upper
Beaufort and Stormberg sediments, and in some of the Pilans-
berg alkali rocks.

The most acidic waters are the dark coloured Table
Mountain series spring waters in the Cape Province.

The highest percentage of silica is found in the granitic
waters and in the waters arising in the basic rocks of the
Bushveld Igneous Complex. As already stated the latter
waters also show the highest absolute amount of silica of all
all waters (excluding the few Pondoland springs) in the Union.

The highest percentage of sulphate is found in the Old
granite waters in the N. West Cape, and in the Dwyka waters
in the Cape Province, Western Transvaal and Pondoland.

The most consistent of all waters are those arising in the
Dolomite, which in percentage composition vary hardly at all,
wherever found.

VIOUs  groy
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canite waterg
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WATER Marp

A “ Water Map 7 has been compiled by the author to illustrate

-distribution in the Union of South Africa of the various types

water summarised above.

It must be strongly emphasised that this Water Map merely

strates the tendency for the ground waters in certain areas to conform

ceviarn type, and there may be far more anomalies than shown
he map. In some cases this tendency is so definite as to become
ost a law. For example, the waters arising anywhere in the upper
ufort beds, with but only one or two exceptions, show a strong
a alkalinity, while waters arising in the Dolomite will, without
eption, conform to Group (C).

On the other hand, the waters found in the lower Beaufort beds,

ugh generally conforming to Group (A), will sometimes approximate
Group (D), and so on.

Needless to say, the boundaries of the different divisions on the
are, in most cases, purely arbitary (except on the boundaries
he pure water division in the C.P. which follow the outcrops of
Table Mountain series.}

In the compilation of this Water Map the chief difficulty arose
onnection with the Ecca waters in the Northern Orange Free
ate, Transvaal and Northern Natal, which, unlike the ¥cca waters
he Cape Province and Coastal Natal, do not conform to any
icular type. Instead all types of water (except the highly
eralised chloride-sulphate type Group A) are found. Hence in
2se regions the compilation had to be based on actual analyses,

1 these areas the map may prove unreliable. Generally speaking,

wever, the Water Map should prove a very useful guide as 10 the .
pe of water likely to occur in any particular area
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A study of this Water Map brings to light the following inte It is known, he

may yield, for exe

acts

(i) Effects of Climate. ?HOthei 110117,01;1;13

It will be observed that in approximately two-fifths Du ’%‘101:&(-;[1,011; '%tion:
Union of South Africa, waters of the highly mineralised ch 1t16\v1{én confilaueé
sulphate type prevail. Fortunately many of the wa o ol of much 1
this type are found in the sparsely inhabited regions ,a suppt%e example
North-Western Cape and Namaqualand. = Nevertheless, 'g.vfci d non—s’il'n?e .
part of the important sheep farming districts of the ‘:nte rsdorp‘inv&
have ground waters of this type. the pan ‘elded h,ig
It might be claimed that climatological facto ‘ I’DI‘herzfore in a
responsible for the high salinity of the watere in these hotizon by the che
since the rainfall is generally low, but, as has been p entioned, extrem

out previously, there are many exceptions. Xor exam o

some of the districts in the Cape Province, in which the XIV—THE -COl
saline waters occur, there is a high rainfall, e.g. the : THE UN
in the Dwyka beds in Pondoland which show an a SOUTH .
concentration of gzo parts per 10% in spite of wvery. 1
rainfall, while highly saline waters are found in the Nothing has &
Beaufort beds in Hofmeyr and Queenstown in spite of oncentration of
high rainfall. Conversely, some of the regions in the | he pH. data tab
in which soda carbonate waters are found are under m The waters st
less the same climatic conditions as those producing. dloured spring w
saline waters the difference in the waters being due to di ape Province.
in the geological horizon. As shown in 71
Furthermore, along the eastern coast of the Unio n the waters fror
Portuguese East Africa, where the rainfall is abnormall hile the average
highly saline waters are encountered in the Cretaceous beds his acidity has 1
over, most of the saline waters approximate more to the; 0, is only part
type of water in which the relation between the const hugmihc) acids der
is CL > 80, > CO,; and Na > Mg > Ca rather than fowing in the
“desert type” in which the relation according to xpected the wat
(35, p. 28) is 5O, > CO4 > CL and Ca > Mg > Na. fe certain soda
(1) Prevalence of Soda Cavbonate Waters. The highest

1t is interesting to note that the ground water of waters in the mi
third of the Union belongs to the soda carbonate (¢ between 85 an
atkali ) type. ' ' Cedarville, analy
(i) Purity of Natal Walers. f)? ;Ihi%g%rtmulg

Except along the coastal belts, the ground waters in 2 %‘ne hiagI?:St

are comparatively pure. § that for the

in

IDENTIFICATION OF Grorocical HoRrizoN FRoOM NATURE of Siz %?.i?;g}g;
GROUND WATER, found to have a

It will be observed from the analytical data summari M Ledig, Pilan:
Table 24, that, although waters from certain geological rock forn 37 per cent. of

Atkins (45,
¢ Sudan had
Unfortunat
the Great A
Kenny (77,
It is unfo
sodium cart
V Clarke (43)

have very definite characteristics, these characteristics 1k
common to waters from certain other formations. There
chemical nature of a borehole water should only be used with:
caution as a guide to the identity of the horizon in which t
arose. Perhaps the only water which has characteristics quite ¢
from any other is the water arising in the pyroxenic and oth
rocks of the Bushveld Igneous Complex. These waters contall
entirely Mg(HCO,), and silica.
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t is known, however, that a borehole sunk to a certain horizon
-yield, for example, highly saline water, but if continued to
jer horizon may yield fresher water or vice versa. For example
oit (1, p. 23) cites the case of a borehole on a farm near Prieska,
h struck strong highly saline supplies in Dwyka tillite at 2o0%’,
when continued down into granite (by the aid of casing), vielded
sply of much less saline water. On page 62 the author has also
, the example of the borehole in the Britten salt pan, which
ed non-saline water when continued down into the underlying
ersdorp Lava, though boreholes located in the Dwyka tillite in
pan yielded highly saline water.

Therefore in a few instances it is possible to identify a geological
on by the chemical nature of the ground water, but, as afore-
ioned, extreme caution must be exercised.

_THE CONCENTRATION OF CERTAIN ELEMENTS IN
THE UNDERGROUND WATERS OF THIE UNION OF
SOUTH AFRICA.

HyYDROGEN 10N CONCENTRATIONS.

Nothing has hitherto been published regarding the hydrogen ion
tration of the underground waters of the Union and therefore
pH. data tabulated previously should prove of interest.
he waters showing the highest ion concentrations are the dark
ed epring waters arising in the Table Mountain series in the
Province.
s shown in Table 14, pH. values as low as 4+5 are not uncommon
waters from the Tabie Mountain series in the Cape Province,
the average for all the samples tested was 5°7. The cause of
cidity has been discussed fully, where it was shown that free
s only partly responsible, the main cause being the organic
¢) acids derived from the prolific heath-like type of vegetation
ng in the soils on the Table Mountain series. As would be
ted the waters showing the lowest hydrogen ion concentrations
rtain soda carbonate waters,
he highest average pH. figure, namely 8-2, is shown by the
5 in the middle and upper Beaufort beds. In these, values of
en 8+5 and 8-8 are not uncommon, while a spring water in
ville, analysed by the author, had a pH. value of 9-4 (Table 23).
s particular water 57 per cent. of the dissolved salts consisted
HCO, and Na,CO,.
he highest pH. of any natural water yet recorded in the Union
t for the highly concentrated NaCl-—Na,C0,—NaHCO, liquor
‘soda, caldera at Salt Pan, Pretoria district. A composite sample
‘brine from 27 samples in the pan was tested by the author and
o have a pH. of 10-6. The next highest was that of a borehole
dig, Pilansberg (page 42). This water had a pH. of ¢-8 and
r cent, of the salts consisted of NaHCO,; and Na,CO,;.
‘tkins (45, p. 455) mentions that a sodium carbonate water in
tdan had a pH. of 10-0.
fortunately the complete analyses of the soda, carbonate waters
' Great Artesian Basin, West Darling district of Australia cited
enny (77, p. 150) do not include pH. figures.
t is unfortunate that no pH. figures are given in the analyses

lium carbonate waters from different parts of the world cited
arke (43) and Lindgren (33).
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A study of the data collected by the author shows that:
“ Soda alkalinity ' does not necessarily mean a high pH. value (b
alkalinity 1s meant, of course, the difference between the total ha
and the alkalinity when the Jatter exceeds the former). For ex
the analysis of Sample 503 in Table 23, shows that although
cent of the salts in thi: water consists of soda alkalinity, the:
only 7-7. In this partlcular case NaHCO, and-not Na,COy is p
whilst “free CO," is also present. Some of the Red granite waty
show an &pplecmble soda alkalinity but have very low pH.
(sec Table 5). The determining factor is therefore the amou
“free CO,”.  For practical purposes Na,CO, is present wl
nolphthalein indicator imparts a pinkish colour to the water (
pH. exceeds 8-2). _

From the data already tabulated it will be observed tha
the exception of the Dolomite waters, there is generally a va
in hydrogen ion concentration in the water from any par
geological horizon, even in those waters which are otherwis
consistent in chemical composition. The Dolomite waters
hardly any variation at all (pH. 7-8-8-0).

The work of Greenfield and Baker (26) has shown that
reaction of water is largely due to equilibria between CO,and bicar
ions kept in solution in conjunction with calcium and magnesiu;

The result of the author’s investigation into the relation b
“free CO,” and the hydrogen ion concentration in natural w
the Union is illustrated by figure 1.

(3) Vol
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NITRATES,

Nitrates in the ground water are not generally derived
the rock formation through which the water percolates, b
nitrates in the soil or from pollution. :
The presence of nitrates in water is usually regarded as a.
actual pollution, but, as pointed out by Clarke (43, p. 197
not necessarily the case.

Nitrates in the ground waters may be the result of on
following causes i
(1) Pollution of the water by human or animal agency
(2) From nitrates in the soil, which in turn may be d
from— _

(2) The atmosphere, by the fixation of atm
nitrogen either through the agency of sy1
bacteria in the soil or through electrical di
during electrical storms, nitric acid being b
down subsequently by rain. The amount of
derived from this latter source is generally reg
as small, but it must be pointed out that
Transvaal Highveld, where electrical storm
prevalent during summer months, the qu
nitrates produced in this manner may be
appreciable.

(3) By the oxidation of organic matter in th
through the agency of nitrifying bacteria
reaction between organic nitrogenous mat
alkaline salts. Nitrates may thus occur..
mderable amount in arid regions Where nitz

The auth
conta]mng ap
shallow wells
~Amounts of 1-
or well waters,
Cause of the
. €Xperience of
- of well and be
- Progressive in
However,
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goes on rapidly, Skinner (46) states that some of
the underground waters in Arizona contain as much
as 16 parts nitrates (as N) per 10%, and that this
high nitrate content is derived from the soil and is
not the result of pollution. Clarke (43, p. 198):
cites an analysis of spring water from Cranac,
Aveyron, France, in which NO, amounts to about
41 parts NO, per 10% or 36 per cent. NO, in terms
of total salts. The Cl. content in this case is very
low amounting to only 5-4 per cent. Cl. so that
the high nitrate content in this water was definitely
not the result of pollution, but of oxidation of nitro-
genous matter in coal beds, through which the water
percolated.
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(3) Volcanic action.

Clarke (43, p. 259) suggests that nitrates in waters arising in
canic rocks can be the result of recent volcanic activity, but in
t case the nitrates always appear to be accompanied by boron
mpounds,

- This could hardly be a source of nitrate in waters in the Union
ce no volcanic activity at all has taken place in recent times.

1 that the pH. !
nd bicarbonate.
agnesium ions,:
lation between :
wural waters in - - The highly mineralised Old granite waters in the North-West
pe (Table 3) often contain 20 or more parts NO, per 10% One
nple (No. 615, Table 3) contains as much as 221 parts NO; per
, but this works out on the percentage basis, at only 6-6 per cent.
). Another sample (No. 613) contains 153 parts per 10°® (-0 per
t. NO,).

~ Even the highly concentrated brine from the Matsap salt pan,
e Province, described by Rogers (47) contains only 10 per cent.
), in terms of total solids.

Most of the waters in the very arid Mandated Territory of South
st Africa have an exceedingly high nitrate content. It is obvious
t the exceedingly high nitrate content of the Old granite waters
rred to above is not due to pollution but to the rapid nitrification
ich goes on in very arid regions, as in the case of the Arizona
ers. The high nitrate may also be due in part to electrical storms.
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- The author has come across only one casc of a spring water
taining appreciable nitrates {526, Table 20), but the majority of
llow wells or borehole waters show small amounts of nitrates.
ounts of 1-2 parts NO, per.10° are quite common in town boreholes
well waters, this fact appears to point to pollution as being the main
se of the appreciable nitrate content, particularly as it is the
erience of public analysts in the Union, that the nitrate content
well and borehole waters in the younger towns of the Union, show
gressive increase with age.

- However, it is not possible to be dogmatic, for apart from the
idence regarding the Old granite waters in the arid North-West
e, the author has come across a few cases where boreholes in
-arid regions showed a fairly high nitrate content, but no nitrites
but little chloride was present, and furthermore, no contamination
eared possible.
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When, however, the nitrate content is excessively high a;
percentage of Cl is abnormally high for the particular geo
horizon under investigation, then it is reasonably certain that po
has taken place. Thus a geo-chemical survey of the ground
may prove of value of seftling the problems of pollution,

Apart from the questions of pollution by sewage a
bacteriological condition of the water resulting therefrom,
authorities, on physiological grounds, consider that a water co
over about 1 part NO; is not potable even if bacteriological
Furthermore, an appreciable nitrate content in boiler feed w
undesirablesince there is the possibility of decomposition of then
under certain conditions (i.e. in ““ dry areas” of boiler tubes),
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SULPHATES,

Clarke (43, pp- 189 190) and Lindgren (35, pp. 49-32) ¢
as * sulphate waters ™ all waters in which SO, is the principal ne
ion, and the analyses cited show sulphates in amount from
cent. to 76 per cent. SO, in terms of total salts.

Excluding acid mine waters in which sulphuric acid or sul
are generally present in considerable amounts as a result®
oxidation of pyritic ores, there are no waters in the Union corre
to this class. In the Union high sulphate waters ave nearly
assoctated with very high chlovide, but the SO, seldom exceeds
cent. SO, This association of Cl. and SO, suggests a rela
with oceanic waters or cyclic salts from the cea in which, as pr
stated, the relation between the ions is Cl > SO, > C
Na > Mg > Ca. |

Lindgren (35, p. 28) states that in desert regions the
between the constituents of the ground waters is SO, > COy.

In the very arid regions of the North-West Cape Province
the rainfall is about 5" per annum, the highly mineralised Old
waters contain a large amount of sulphates. In a few of thes
exceeds Cl. (Table 3). However, this relation is not general’
the average Cl exceeds SO, The average SO, content in t
total salts is 19 per cent. while the Cl. is 30 per cent. One
(No. 613) namely a borehole water from the Upington district, ¢
409 parts SO, (or 26 per cent. $O,), while another contains 22
50, or 42 per cent. SOy, the highest percentage yet recorde
Union. ‘

The Dwyka waters of the Cape Province and Pondoland .
Bokkeveld waters also contamn a fair amount of sulphate (¢
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per cent. SO, but Cl. always exceeds SO, ~ The waters
Both the Ecca series and lower Beaufort beds in the Cape P Using in the be
yield waters with a 50, content of over 1o per cent., ¥ nly is the avere

Malmesbury, Witteberg and Cretaceous waters and water {ro
coastal formations also contain appreciable sulphates, but 1
case Cl exceeds SO, k

Apart from these, none of the waters {from the other for
yields waters with consistently high sulphate values, that
5 per cent. SO,

From the author’s analytical tables and the Water Ma
be noticed that high sulphate waters are exceedingly ran
Northern Natal, Northern Free State and in the Transvaal
for salt pans in the Dwyka Tillite in the Western Transvaal
highly saline granitic waters on the North-Eastern Transvaal
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Very occasionally waters in the LEccas series in these regions
yield high sulphate waters unaccompanied by high chloride.
example samples 394, 380 and g6 in Table 21). In these waters
SO, ranges from 17 per cent. to 25 per cent., the Cl. from 4 per
to 5 per cent., and Ca(HCO,), and MgHCO, over 55 per cent.
aC0y,), so that those waters could be described as sulpho-carbonate
1S.

The high sulphate content cannot be due to the aridity of the
ate for the region is very well watered and the concentration of
is only moderately high. It is suggested that the high culphate
these isolated cases may be due to the proximity of a pyritiferous
ryte dyke, for dolerite dykes are very common in these areas,
may be due to specks or films of pyrites in the Ecca beds.
Many high sulphate spring waters (including some of those listed
Medicinal Springs”) evolve a small quantity of H,5 gas due to the
ction of some of the sulphate by decaying organic matter.
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trom 52 per SILICA.

As will be shown the quantity of silica in a boiler feed, water is
atter of great importance, and for that reason it is regrettable
so few of the published water analyses in this country show the
content. Waters with high silica are, unfortunately, only too
on in the Union,

or sulphates
ssult of the
rresponding
early always
ceeds 10 per
relationship -
A5 previously
> CO, and

Clarke (43, pp. 195-1097) shows that in volcanic waters, and
dally in geyser waters, Si0, may reach 50 parts per 105 He
analyses of geyser water in which 510, varies from 16-51 per
Si0, in terms of total salts. There are of course, no active
noes or geysers in the Union and hence waters of this type are
OWIL.

It has already been shown that the alkaline soda carbonate waters
g in the Old granite and the Red granite rocks (both rocks
a high alkali {elspar content), show the highest average silica
nt, ranging on average from about 13 per cent. to 20 per cent.
in terms of total solids, though in absolute amount the 5i0,
nt very occasionally exceeds 5 parts SiO, per 105,

the relation .
CO, > Cl,
wvince, where
1 Old granite
of these SO,
neral and on
t in terms of
One sample
rict, contains
ins 221 parts

. The arenaceous formations like the Pretoria quartzites and
corded in the

rberg sandstones yield pure waters with a relatively high
ntage of S10, (16 per cent. to 20 per cent. Si0Oy) but in absolute

land and the nt the Si0, content is generally well under 2-0 parts SiQ, per 105,

jate (over I3
The waters with the most consistent silica content are those

g in the basic rocks of the Bushveld Igneous Complex. Not,
1s the average percentage of 510, very high (16 per cent. Si0,)
most of these waters have a silica content of 5-8 parts 510, per
which is higher than any other waters, excluding the few Dwyka
gs in Pondoland already discussed.

Cape Province -
it., while the-
¢ from Recent
but in every

er formations

that is, over As already mentioned the waters of the highly mineralised chloride-

ate group invariably contain very little silica (less than 3 per
S10y). |

The temporary hard (carbonate) group of waters, of which the
omite waters are the best example, are extremely con. istent in
content which however, is moderately low (with the exception
e Mg(HCO,), waters from the basic zone or the Complex),
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A fact which is brought to light by this survey, is that, al
the waters with the highest percentage of SiO, are the coda ca;
group, it does not necessarily follow a high soda alkalinity is iny,
accompanied by bhigh rcilica content. For example the so
waters from the upper Beaufort and Stormberg sediments
contain much silica (from 6-8 per cent. Si0,).

According to various authorities, waters rich in organic.
are supposed to carry much silica, but as shown on page 91, t
coloured waters {rom the Table mountain series in the Cape P
carry very little silica {4—7 per cent. 510,).

The chemistry of silicic acid in aqueous solution is still a
controversial subject, and there is considerable doubt as to :
the silicon 1s present as sodium silicate or as silicic acid.

Apparently the prevailing theory among analysts in the
is that the silicon is present as sodium silicate, but from the a
experiences, this does not appear always to be the case. :

Thresh and Beale (48) claim that gg per cent. of the sil
natural waters is molecularly dispersed, but Stumfer’s (49) inve
on the problem as to whether the silica exists as a crystalloid
contradicts this. He found that a comparison of silica conc
indicated by gravimetric methods (giving colloidal plus cry
silica) and colorimetric tests (crystalloidal silica only) show
up to a silica concentration of o-5 parts per 100,000, all t
was present in the crystalloidal state, that is molecularly
Beyond o5 parts, the gravimetric test gave higher results, in
an increasing amount of colioidal silica. Harman’s (50) inves

also support this view.

Headden (51} regards silica as partly present in the.
alkaline silicates. Clarke (43, p. 195) however, states -—
“ In natural waters silica is actually present in the;

state and not in acid ions (Si0,). On evaporation to

the silicate may form but only when there is a defic

other acid groups. Such a deficiency is mdlcate
pronounced alkalinity in any highly siliceous water "

In support of this view we may take the case of the Mg
waters from the basic rocks of the Complex. As aforementi
absolute amount of silicon is higher than in any other water;
from 5—4 parts Si0, per 105 No soda alkalinity is present.
more, if all the silicon be calculated as Na,Si0,, the sum tot
constituents exceeds the total solids found by actual deter
(In these waters it is not difficult to work out a hypthetical com
ofions since only Mg(HCO,),, Ca(HCO,),, Si0, and a very smal
of chloride is present). Furthermore, as mentioned on page
silica present in the surface magnesite deposits in these are
the form of opaline silica, having been deposited from solt
a collotdal gel.

However, in the case of the soda rich granitic waters
appear, from the total solids determinations, that part at 16
silicon is combined as alkaline silicates.

The chief difficulty in settling this problem is that as:
on page 8, there /s no accurate method for the determ
sodium.
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1at, althoyek
da (‘arbo;?agtl; FLUORIDES.
] tably There is a certain amount of literature regarding endemic dental

aorosis (“ mottled enamel ”') in the Union of South Adrica, caused by
Je continual ingestion of toxic amounts of fluorine from the water
sed for cooking and drinking, during the period of maximum dental
usceptibility (i.e. curing calcification). Nothing however, has hitherto
een published regarding the distribution of fluorides in the under-
ape Provinee ound waters of the Union from the geo-chemical aspect, though

rom the work of Ockerse (9, 10 and 78), Steyn (53), Staz (54) van der
_ _ lerwe (69), and others, certain districts are known to be “ mottled
still a highly oth ” areas. The data collected by the author should therefore

s to whether rove informative.

d. .
, o There appears to be very little in the overseas literature regarding
i the Union ! e distribution of fluorides in ground water. Lindgren (35, Pp. 69)
. the author’s - ates \— ,

e.
“ Fluorine is present in traces in many waters, both

t.he sil%con‘ n- superficial and deep, but it appears in larger quantities in waters
investigation of the sodium carbonate type.”

toid or colloid . o -
It would appear from the author’s investigation that this also

soncentiration _ (
crystalloidal - pplies to the Union.

showed that Unfortunately determinations of fluoride are rarely made, even
all the silic more complete water analyses. According to Gautier and Clausmann
gly dispersed z5) the fluoride content of spring waters varies from 0-3 to 6 parts
ts, indicatin . per million, being highest in waters issuing from areas of eruptive
Investigations cks. This also applies to the ground waters in the Union, for, as
own on page 43. all the waters issuing from the alkali volcanic

the form of cks of the Pilansberg contain appreciable fluorides.

- . Lindgren (35, p. 54) and Clarke (43, pp. 193-1g4) cite only two
a the colloidal alyses of waters containing fluorides, namely the Ojo Caliente spring,
os, New Mexico, and the Sprudel, Carlsbad, Bohemia, both sodium
. vbonate waters. The fluoride in the former water amounts to 5 parts
hcat’(;zd by per million (or o-1g per cent. F. in terms of total salts). In the
ter = atter spring water there are 1-6 parts I\, per million (or 0-03 per
1e Mg(HCOy) |

nentioned th _ _ _
i According to De Gouvenian (52) and Carles (56) the fluoride

ntent of the famous Vichy water varies from 7-18 parts F. per
llion.

Sea water, according to Gautier and Clausmann (55) contains
3 parts T. per million. The author tested a sample of sea water
om Durban Bay and obtained a figure of 08 parts F. per 10°

A potable water is usually condemned by Public Health Authorities
its flnoride content exceeds 1 part F. per million. In view of this
ct it is interesting to note the high fluoride content of the celebrated
ters, it woult chy and Carlsbad waters,

Tt should also be pointed out that recent investigations overseas
ve pointed to the necessity of having a small fluorine content in
mestic water supplies, and in some water-works in the United States,
aF is added to the treated water in amount not exceeding I part
part per million, as an insurance against dental caries.

@ areas, 15 1
1 solutions &




The highest fluorine value for any natural water in the Un
is that of highly concentrated soda liquor in the Pretoria salt p;
A composite sample taken from 27 boreholes in the pan was tes
by the author and found to contain 358 parts F. per million
per cent. I, in terms of total salts). The pH. of this brine wa
already mentioned 10-6. Ockerse and Meyer (78) cite an analys
a sample of the brine which shows 340 parts ¥. per million {02
cent. F.). If we exclude this highly concentrated brine the larg
amount of fluorine yet recorded in the Union is that in the bor
in Ledig, Pilansberg (sample 553, Table 5). As aforementioned,
water 1s highly alkaline with a pil. of g8 and a fluoride conte
28+0 parts F. per million (3-6 per cent. F. in terms of total salts) s
a record for a borehole water anywhere in the world.*

The author’s investigations have brought to light the follow
facts concerning the distribution of fluoride waters in the Unio

(1) Itis only the Red granite water and waters issuing from
Pilansberg alkali rocks that consistently contain fluori
over a part F. per million). With hardly an excep
these waters contain fluorides in appreciable amount.

Fluurides in appreciable amounts are sometimes fount
the Old granite waters, particularly those in the North-
Cape, but generally speaking this is not a consistent fe
of Old granite waters, while the amounts present are se
of the same order as those in the Red granite and Pilansb
waters. The highest fluoride content in an Old gr
water recorded by the author is that for the Sabie Bung
spring (No. 405, Table 1), namely g-o parts F., per mil
(3-5 per cent. F.).

The probable source of the fluorine in these rocks hav
discussed previously.

In connection with the association of fluoride waters:
‘granitic rocks, it 1s 111terbt1ng to note that the waters o
Colorado springs, where “mottled enamel” was.
obzerved and described, come in contact with gra

McKay and Black, 67). In India the area affecte
endemic fluorosis i+ underlain by granite or gneiss (68

Although waters with a consistent and appreciable fluo
content are, generally speaking, confined to alkaline wi
issuing from granitic rocks and the Pilansberg alkall 1
there are however isolated cases of waters which co?
an appreciable quantity of fluoride, arising in forma
other than granite or gneiss. The most important exa;
are the following :— ;
Kalkheuvel borehole water, Pretoria district, wit]
parts FF. per million (2 per cent. F.), and a soda alkal
of about 53 per cent. (as Na,COs) (Ockerse 9, P
The formation is probably the Ecca series.
Borehole waters in Shannon and Dewetsdorp, 01‘
Free State.

# Since the above was written a strongly alkaline spring water (pH. 9
Doornhoek 134, Pilansberg, District Rustenburg, was found to contain 67
F. per 106 (6-39 per cent. F of total salts). 56 per cent. of the total salts C
of Na,CO, and NaHCO,.
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These waters rise in the Beaufort beds and have fluorine
contents of 4-5 and 4-8 parts F. respectively (or 1-4 and
2-2 per cent. F.). Both waters have a high soda alkalinity
over 27 per cent. as Na,CO,). See author’s samples 498
and 502, Table 23.

Waters in certain localities in the Beaufort West district
in the Cape Province, and a borehole on Vlakfontein 584,
near Koster, Transvaal, also contain an appreciable quantity
of fluorine.

From data tabulated by the author in previous sections it
will be obgerved that, except for the Old granite waters
in the North-West Cape Province, only those waters which
contain Na,CO, or NaHCO, contain an appreciable quantily
of fluovine (that is excess of 1 part F. per million). The
converse 15 however not necessarily true. TFor example, the
waters rising in the Beaufort beds and in the Stormberg
rocks contain large amounts of soda alkali, yet only one
or two (e.g. Shannon and Dewetsdorp) contain appreciable
fluorine.

In section # it was shown that in these soda carbonate waters,
1e fluorine was present as NaF and not as CaF,, since there is a large
ceess of Na,COy or NaHCO,, and no permanent hardness.

~ This is a most important point. Various workers have observed
1at the attainment of gross symptoms of fluorine intoxication 1s
finitely associated with the chemical nature of the fluorine com-
ound, and it has been established that 20 times as much CaF, is
eeded to produce the same degree of severity of symptoms as is
used by NaF.

It is interesting to note that so far fluorides have not been found
 more than mere traces in any of the waters in Natal and this applies
en to the Old granite waters in Natal. One probable reason is
hat, as aforementioned, the Old granite in coastal Natal does not
ve rise to the soda carbonate type of water but to a slightly saline.
pe; {furthermore, owing to the high rainfall considerable leaching
kes place, with the result that none of the Natal waters are highly
ineralised. The problem of the removal of fluorides from drinking
ater is discussed under ““ domestic supplies’

Porassium.

Attention has previously been drawn to the paucity of potassium
Jts in the ground waters of the Union, even in the case of those
suing from rocks like the Red granite which contain more K,O than
a,0. In the highly mineralised Old granite waters of the North
Jest Cape and North-Eact Transvaal the potassium content seldom
ceeds 1 part K. per ro® while the percentage of K. in terms of the
tal salts seldom exceeds 0-4 per cent. The highest potassium
mtent found in these granitic waters was that of a borehole water
Alldays in the North-Eastern Transvaal, with 2-6 parts K. per
5 (or 2z-2 per cent. K. in terms of total salts.) In the Old granite
itself Na,O generally slightly exceeds K,O.
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The invest
a layer of certa
the potassium ¢
salts through.

It is therei
Union contain

In the spring or borehole waters from other formation
potassium content seldom exceeds 0-5 parts K. per 10°%. A few of
medicinal springs contain more than the above amount of potass
For example, the Lilani spring in Natal contains 2-3 parts I
10% or 5-8 per cent. K. in terms of salts, while the Caledon sp
contains 2.1 parts K. per 10° or 12-3 per cent. X. which mu
one of the highest percentages of K. recorded in the Union,
this ““ Thermal spring " issues from the Table Mountain series, b
already pointed out, the Table Mountain series is entirely
felspathic in the Cape Province, hence it would be very diffic
account for the potassium content. It is possible therefore tha
water has it origin in some deep-seated pre-Cape rock mass, po

Dickenson
of the Moonare
fact that, thou
porphyry with
little potassiuir

the Cape granite. This theory is supported by the fact tha « 14
temperature of the water is 120°F. The complete analysis of .
two medicinal springs is given in Geological Survey Memoir 32 dewf@d’}
Even the highly concentrated brines in the salt pans in Kim wou d t
and Bloemhof district contain only a small quantity of potass water of
salts and this applies also to the brine of the Matsap ‘‘ Nitrate ’ content
in which the potassium content is only 1-4 per cent. K. The pota the pres
content of the brine in the Kimberley-Bloemhof salt pans i However, -

could adsorb t
appear to be a
of South Afric:

usually determined and therefore the following complete an
carried out by the author many years ago may be of interest as
show the relation between sodium and potassium. Two of the an
have already been given in connection with the Dwyka sal
but are reproduced here. The Dwyka tillite in the pan i1
Christiana district is very thin and there are exposures of Vente
lava with large porphyritic felspar crystals. This may acco
the different type of brine in this latter pan and for its much
potassium content :—

Reference
carbonate wate
of them, Nal

It has als

Brine in Brine in Brine fprected. g

Britten Pan Britten Pan Pan No: avas which co

Borehole No. 1. | Borehole No. 2. | of Christi - hand the cons

Q By g [s] < Q : P .

L % on Dry Salts, | 9, on Dry Salts. | 9% on Dr \(V&ters rising i

NaClooowvoo oo, n s 76-52 2070 first sight ratl

I%{_Cl ---------------------- 324 : 608 I(g:g ~felspathic sand

158 T {1-6) (3-2) from fresh. sir
MgSO4iivive i 1200 976 2l 3

NaSOpe e v 910 560 6 Na20 or K.QO Cl

CabOyiv v ivicie it — 048 revion s

NaHCOq vt veen i1 Nil Nil 5- spt viously tha

NagCOguenensein e, Nil Nil 47 Stones, the fel:

Moisture. .. oo vve 020 047 it would be in

to soda alkali
waters are not
carbonates in

The brine in the soda caldera, Salt Pan, Pretoria district, not
standing its great concentration contains only 11-g parts K. pe
or only 0-0g per cent. K. in terms of total salts: now this br b
_previously shown in primarily derived by concentration fror t;f.tween Nagd(
granite ground waters, and in the Red granite K,0 sometimes € his explanatic
Na,O. : Chlorides and
To turn now to the reason for the paucity of potassiu
in the ground waters and concentrated brines in the Union.

Analyses of fresh and weathered granite indicate that K,
Na,O are removed in wmove or lzss the same proportions from the
rock during the process of weathering, but it is a well estal
fact that potassium and sodium compounds pass unequally 1nto$
in the ground water. This is on account of the fact that claye

tend to retain potash by * adsorption .

_ As aforen
alkalinity are
sediments., T)

obhouse in t
but the highes
In the soda ¢
gfanite at Allc
Per 10° (3515



lons  the
>w of the
stassium,
s K. per
N spring
must he
on, Now
5, but, as
ely non-
ficult tg
that the
Possibly
that the
- of these

32 (70).
L1mberley
yotassium
ate ™ pan
yotassium
18 is not
analyses
t as they
» analyses
salt pans
n in the
atersdorp
sount for
ch higher

ne from
n North
hristivna.
Dry Salis.

'0.70

300
1685}
660

Nil

5100

470

Nil B
, notwith-
. per 105,
brine, as
rom Red
x5 exceeds

ium salts
.

K,0 and
éhe parent
stablished
to solutron
ayey soils

173

The mvestigation of Crawley and Duncan (71) have shown that
ayer of certain clayey soils only 6 deep will adsorb ¢8 per cent. of
e potassium salts from solution, but will let practically all the Na
ts through.

1t is therefore not surprising that even the granitic waters in the
ion contain only very small quantities of potassium salts.

Dickenson (8g, p. 43) in a discussion of the saline.ground waters
the Moonaree Station, S. Australia, is puzzled apparently by the
t that, though the ground waters of this region are situated in a
rphyry with a K,0 content of over 5 per cent., they contain very
le potassium. He makes the following statement :—

“If the caline matter found in the ground water were
derived, at least in part from the weathered country rock,
would there not be a high potassium content in the ground
water of an alkali rich rock region compared with the potassium
content in the ground water of a region not characterised by
the presence of alkali rocks.”

However, the porphyry would give rise to a clayey soil and this
id adsorb the bulk of the potassium, so that the position would
pear to be analogous to that of the granitic waters of the Union
South Africa.

SopiuM CARPONATE.

Reference has already been made to the abundance of soda
bonate waters in the Union and it has been shown that, in most
them, NaHCO, rather than Na,CO, is present.

It has also been stated that soda carbonate waters are to be
ected in granitic and other igneous rocks like the Stormberg
as which contain a fair amount of fresk soda felspars. On the other
d the consistent and appreciable Na,CO,; or NaHCO,; content of
ters rising in the upper Beaufort and Stormberg sandsz!ones is at
t sight rather surprising in view of the fact that the felspar in
pathic sandstones being wusually of detrital origin, is normally far
m fresh, since the felspar grains have had a good deal of their
.0 or K,0 content removed during transportation. It was suggested
viously that in view of the probable acolian origin of these sand-
nes, the felspar in the sandstones may be comparatively fresh, as
would be in granitic rocks and would therefore tend to give a rise
soda alkaline waters. Lindgren (35, p. 53) states that Na,CO,
ers are not common in sedimentary rocks and suggests that alkaline
bonates in these waters are probably derived from a reaction
ween Na,50, and CaCOj; or between NaCl. and CaCO,. However,
explanation could not apply to the aforementioned waters since
orides and sulphates are generally very low indeed.

~As aforementioned the waters with the highest (average) soda
alinity are those arising in the upper Beaufort and Stormberg
iments. The maximum percentage found was that of a borehole at
bhouse in the upper Beaufort beds with 6o per cent. {as Na,COy),
the highest absolute figure so far recorded (excluding the ““ brine ”
he soda caldera at Salt Pan) was that of a borehole in the Old
nite at Alldays, Northern Transvaal, with 43-5 parts (as Na,COy)
10% (35+5 per cent.).
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Kenny (77, p. 150) furnishes several complete analyses of (B) Sk
characteristics of soda carbonate waters (Jurassic age) in the <.
Auvstralian Artesian Basin. The percentage of Na,CO; (or Na (C) Ter
vary from 8 to 8o per cent., the majority being over 50 per ax
The highest absolute amount is 137 parts Na,CO, per 105, %er

It is interesting to note that sodium carbonate or bicar ma
waters are very rare in Capada (Leverin 87). cen

As will be shown that the absolute amount of Na,CO, or Na
present in ground waters is a matter of some importance if the (D) Al
is to be used for irrigation or for human consumption. IS)Cé

i
IrRON, cen

The iron content of ground waters in the Union (exclud BE) Pu
course acid mine waters) is generally very low. Even the so (E) Pu
“ Chalybeate Springs’ do not contain much iron. S

It has been previously stated that certain waters, particy It is prog
some of the waters issuing from the Table Mountain series, Malm consider their
and Cape granite formations in the Cape Peninsula and th (1) Do
granite along the Natal coast, show a tendency to deposit iron (2) Agr
on standing, though perfectly clear when freshly drawn. (3) Tec

Dealing with waters issuing from the Table Mountain sel !
was pointed out that this does not necessarily indicate a hig '
content and further, it had been observed that this characi
appears to be confined to slightly acid waters with a pH. of 7 or -

t 1s asst

The probable reasons for this were discussed.

The wvon content of the majority of waters is well under 0
Fe per 105, It is mtereatmg to note the iron content of the * chal

by sewerage ¢
considered in

medicinal springs ”’, the analyses of which are shown in Geo (i) Grouf
Survey Memoir 32 (70) — : It is diff
Parts Fe Pevcenta limit of salini

per 105, Dry combination
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MANGANESE.

Manganese does not appear to be present in any waters

in traces. :
The concentration of manganese in the waters from the

Mountain series was discussed previously.

XXV.—UTILISATION OF UNDERGROUND WATER F
TECHNOLOGICAL, OTHER PURPOSES AND CHEMI
METHODS FOR IMPROVEMENT OF THE WATER

The utilisation of the 5 main types of water will be cons
together ‘with the corrective chemical treatments necessary
those waters suitable for various technological purposes.

It has been shown that the underground water supplie
Union fell under 5 main groups, as summarised in Table 27,

(A) Highly Mineralised  Chloride-Sulphate  Waters he author t
solids > 100 parts per 105 CL > 27 per cent., SOg Per 105 be 3
cent., Permanent Hardness > 12 per cent. (aS Ca Sumption.
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(B) Slightly Saline Chloride Coastal Waters—Total solids > 30

ses of the 0
the Great < 50 parts per 105, Cl. > 27 per cent., SO, > 3 per cent.
NaHCO,) (C) Temporary Hard (Carbonate) Waters—Total solids « 8o
Per cent. parts per 10% Total Hardness (as CaCO,) > 70 per cent.

Temporary Hardness > 67 per cent. {as CaCO,). Per-
manent Hardness « 7 per cent. (as CaCOy), Cl « # per
cent. pH. > 76 per cent.

(D) Alkaline Soda Carbonate Walers.—Total solids « 100 parts
per 10% Na,CO, or NaHCO, > 15 per cent. (as Na,COy,).
5i0, sometimes > 12 per cent. Total Hardness > 30 per
cent. (as CaCO;). Permanent Hardness nil

(E) Pure Waters—Total solids « 15 parts per 10°% pi.
generally less than 7-o.

- It 15 proposed to take each of these water groups in turn and
onsider their adaptability for each of the following purposes :—
(1) Domestic Supply (General and Potable).
(2) Agriculture (Irrigation and Watering of Livestock).
(3) Technological -

"(a) Power Production.

(0) Industrial use.

3.
icarbonate

T NaHC 0,
“the water

tcluding of
e so-called

)&til(:ul&tly
Ealmesbury
id the 0Old
. iron oxide

m series, it
3 high iron
1aracteristic

7 or under DowumzsTtic SUuPPLY.

It 1s assumed that the waters under study are uncontaminated
y sewerage and bacteriologically pure. Each of the groups will be
nsidered in turn. -

(1) Group A.—Highly Mineralised Chloride-Sulphate Waters.

It is difficult to lay down a hard and fast rule regarding the
mit of salinity for potable waters. Obviously much depends on the

¥ 05 parks
‘ chalybeate
1 Geological

evcentage on

Dyy Salts. ymbination of ions, e.g. whether magnesium and sodium sulphates
3°5 ourgative salts), nitrates and fluorides, are present in excess, Other
24 ctors have also to be considered, e.g. humidity and temperature of

II14 e atmosphere. The higher the temperature and lower the humidity,
7+3 ¢ greater will be the quantity of water drunk.
32 Investigations are being carried out at Onderstepoort Veterinary

esearch Laboratory (Steyn and Reinach, 79) regarding the effect on
uman beings and stock of the continued ingestion of highly saline
aters. Steyn and Reinach do not set a definite limit to the degree
_salinity of drinking water, but appear to agree (79, p. 220) with
rtain authorities in England and the U.S.A. that the extreme Limit
~salinity of drinking water for human consumption should be 57
rts total salts per 108 (-057 per cent. salts), much depending on the

aters except -

n the Table

ER FOR
qEMICAL ymbination of ions, , o
ATER It appears to the author, however, that this limit is far too low.

pplied, it would mean that a very large number of borehole waters
the Union would be condemned as being too brack. Certainly all
e waters in this Group A would be condemned.

However, all authorities are not agreed on this point, and much
gher limits have been suggested, even when a large proportion of
salts are the sulphates and chlorides of sodium and magnesium.
1e author therefore suggests that a salinity of 150 parts total solids
T 10% be regarded as the upper limit of salinity for human con-

mption.

e considered
1y to render

pplies of the
e 27, Viz. =
"aters.—Total
SO, > 5 per
LS CaCO3).
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Taking this figure of 150 parts per 10° as the maximum, i (iv)
be observed that many of the waters in this Group are therefor As regarc
too saline for human consumption, particularly some of the have pointed
rising in the Cretaceous and Bokkeveld formations, and in t water (Na,CC
granite of the North-West Cape and North-East Transvaal. Fur tices abnorm

many of the Old granite waters of the North-West Cape ¢
over I part fluorine per million (as F.), a fact which renders
waters even less suitable as drinking water. In fact these
mineralised waters are actually poisonous to stock and man
igested over a long period Steyn and Reinach, {79). There ;
economic treatment, short of distillation which will render these ]

waters fit for human consumption. Therefore
In spite of this fact, such waters, supplemented by a lir - this group ar
As previc

quantity of rain water, form the sole drinking water supply of
number of farmers and small town inhabitants of the Union.

“more than th
by Public He
‘and the cont
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prevalence of
1o a superabu
but there do
Ockerse (78,

producing ost
cases at Kall

It is true that human beings develop a certain degree of tole
to such waters. Newcomers to these districts are of course, imme
affected. Steyn and Reinach (79, p. 220) point out howeve
after apparent tolerance has developed, men and animals ma,
a long period, exhibit the more chronic effects from drinking
highly mineralised waters ; for example, retarded growth, stunte
decrease in productivity and deposition of urinary calculi.

Most of the waters of this group are far too hard for |
domestic use, and since they generally contain in addition, very

amounts of magnesium chloride, are also particularly corrosiy " an't ;h‘as b
may cause rusting of pipes and hot water installations, as well a 1;; g ¥
rere s

Some of the less saline waters in this group could be soften
putting them through a Base Exchange {Zeolite) softening plaz
it will be found that in the case of a good many of these watx
cost of maintenance makes softening uneconomic.

Mluorides frox
Proposed. K
phosphate ar
of tri-calciun

It has been previously mentioned that many of the tows
villages in the Southern Cape Province, located on formations
rise to highly saline waters, are fortunately able to obtain the

}'PhOSpha,té in
hat r kilog

supplies from pure mountain streams arising in the Table Mo Solution, T}
series. However, this does not apply to many centres in the 1 the total an
and in the North-Western Cape, which are dependent entir bas proved «
highly mineralised waters for domestic supply. _ " The solt

(i) Group B.—Slightly Saline Chloride Coastal Walers evelopment

Of all cations

This process

These waters generally have a total solid content of un
later,

parts per 105 and fluorides are absent or present in mere T
they can therefore be used for all domestic purposes.

(iii) Group C.—Temporary Hard (Carbonate) Water.

Since chlorides and sulphates are very low and the wa the ox
composed almost entirely of Ca(HCQO,); and Mg(HCO,), all th € exces
in this group can be regarded as potable. For general doms
some of the waters are not altogether suitable if untreated, Th

ese v

only are they very hard, but the hardness is practically all te
leading to deposition of scale in hot water systems, or even
lines, due to the decomposition of the unstable Ca({HC(
Mg(HCO,), with rise in temperature. However, most of thest
can be economically softened by zeolite treatment.
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(iv) Group D.—Alkaline Soda Carbonate Waters.

As regards potability, Steyn and Reinach (79, pp. 175, 216, 220}
pointed out that the continued ingestion of strongly alkaline
r (Na,CO, or NaHCO,) will tend to render the gastro-intestinal
s abnormally alkaline, thus leading to serious digestive and other
rbances, and even to the causation of urinary calculi, It has
been shown that Na,CQ, is more harmful than NaHCO,. However,
ute amounts of NaHCO; or NaCOj, in this group of waters seldom
eds' 24 parts per 105 and it is not considered likely that this
nt of alkali will affect the suitability of the water for human
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Therefore, excluding the Red granite waters, all the waters in
group are potable.

As previously shown, many of the Red granite waters contain
than the maximum quantity of fluorides deemed permissable
ublic Health Authorities, i.e. more than 1 part F. per million,
the continued ingestion of such water will give rise to severe
ling of the teeth in children and perhaps to even more serious
nic disease. Steyn, for example (53, p. 59) suggests that the
alence of goitre in the Kenhardt district may probably be due
superabundance of fluorides in the drinking waters of the district,
there does not appear to be any direct proof of this theory.
rse (78, pp. 6-13) states that fluorides stimulates osteoblasts,
ucing ostephytic growths and calcification of muscles and describes
at Kalkheuvel in the Pretoria district.

It has been pointed out that a very small amount of fluorine
inking water appears to be beneficial rather than otherwise,

There is really no satisfactory treatment for the removal of
ides from drinking water, though several methods have been
posed. Klein, Adler and Lindsay (72) propose the use of tri-calcium
phate and state that -8 grams of F. are removed per kilogram
i-calclum phosphate.

Van der Merwe (6g and 73) suggests the use of commercial super-
phate instead of Ca,(PO,), as a defluorinizing agent and states
1 kilogram of superphosphate can remove g-10 grams of F.
ion. This treatment apparently does result in a reduction in
otal amount of fluorides, but as aforementioned, no treatment
proved entirely satisfactory.

The solution of the problem may lie in the recent discovery and
opment of ““ organic zeolite”’ treatment (i.e. complete removal
1/l cations and anions by filtration through beds of synthetic resing).
process is, however, as yet, not fully developed. It is discussed
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For general domestic use all the waters in this group are quite
actory, though cases have been observed of corrosion of pipe
s conveying NaHCO, waters, the corrosion being due to liberation
e excess CO, even in the cold.

W ater.
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, all the waters
1 domestic use
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T even 1n pipe
Ca(HCO,) and
of these waters

(v) Group E.—Pure Waters.
These waters are all potable, but since they lack calcium they
1id benefit from the addition of small amounts of lime.

For general domestic use all the waters in this group, with the
tion of the dark coloured spring waters from the Table Mountain
£s, are very suitable.
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As previously shown, the coffee coloured mountain sprin
from the Table Mountain series is distinctly acid, pH. figur
ow as 4+5 being common. An ernormous amount of damage 1
caused to hot water systems and even to metal pipe lines by
of untreated water from the Table Mountain series. The ¢
of pipe lines results in the trouble known as “ red water”
a serious matter as far as municipal supplies are concerned

However the acidity of water from the Table Mountain se
easily be corrected by the addition of a small quantity of lin
being taken to avoid excess of lime, which otherwise migh
scale in the pipe line. An even more efficient chemical to il
rusting of pipe lines is sodium hexametaphosphate (Calgon
pure waters only about 0-5 to 2 parts of this salt per mullior
water is necessary for this purpose. Sodium silicate in sma
is also used to protect pipe lines against corrosion by sucl
and does not affect the potability of the water in any w
organic colouring matter in the water can only be remo
coagulation with Al,(SO), and alkali.

AGRICULTURE, IRRIGATION AND WATERING OF LIive STO

EFrom the pomt of view of irrigation, the injurious ¢a

may be present In water are, in order of toxicity— i) Gr
NagglOg CaCl, The conc
Mg(’IZ N&2804 are so IOVV th
NaCl MgSO0, watering of li

For watering livestock, Na,50, and MgS0, in excess an
and NaCl in large excess, are to be avoided.

(i) Group A—~—Highly Mineralised Chlovide-Sulphate Wa

There appears to be a divergence of opinion among ag
authorities regarding limits of salts permussible in irrigatior
Much of course depends upon the nature of the soil, ie. wh
soil is light, sandy and well drained or of a heavy cla,yey imp
nature, as well as the nature of the salts,

The Bureau of Soils, U.S.A, (74) states that it is unsa;
a water having a concentration greater than about 250-300
10% for irrigating land. Perkins (75) states that, althoug:

(iii) (
There are
can all be use

(iv)
Since Na
amount, the
Na.HCO:i) wh
appreciable a
Perking |
or NaHCO, ~
appreciable a

highly charged with saline matter have sometimes been used Hilgard
well drained soils, a combined total of 143 parts per 10° O Per 10% 4 ar

chlorides of any type, together with the carbonates and sulj Injurious,
sodium and magnesium, may be regarded as excessive. Simpson
In view of the fo1egomg statements, it will be obser Na 3,CO, are °
Althougl

many of the waters in this group, more particularly the B
and Cretaceous waters and the granitic waters from the No
Cape, are quite unsuitable for irrigation unless the soils are exc
well drained.

As in the case of human beings, the effect of raline w
livestock depends on the quantity of water drunk daily, the
tration of salts in the water, and the nature and relative p
of salts present in rhe water.

Certain species of animals are, however, more sensit;
others to saline waters. Steyn and Reinach (79, pp. 19929
out that the order of susceptibility to saline water is a
poultry and pigs, horses, cattle, sheep.

of Na‘ZCOS o
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Sheep can tolerate far more saline water than any other domestic

I Sprin : :
PHng wa ck. Stock generally can tolerate far more saline water than human

[. figure : S L
Lmagge ha?s ('Efeea ngs, but there is disagreement among authorities as to the safe
nes by the y it of calinity. Certain authorities suggest 1,500 parts per 108

5 per cent.) as the upper limit.

- Steyn and Reinach (79, pp. 190-197) consider that concentration
‘_alts much lower than 1,000 parts per 10° are harmful to livestock
hey partake of it daily and over long periods. They mention several
es from the Kenhardt district.

- If we take 600 parts solids per 10% as the upper limit, it will be
erved that some of the waters in this group, particularly those
m the North-West Cape, are unsuitable for watering stock. The
orlty could, however, be used.

" As regards the fluorides that often occur in the saline waters of
1d granite in the North-West Cape, Steyn (53, p. 17) points out
t from all available information cattle and sheep are far less
septible than human beings to fluorine, and that their drinking
ers have to contain 4-6 parts F. per million before their teeth
affected. Therefore, provided that these granitic waters of the
th-West Cape do not exceed the maximum limit in salinity, they
ld be used for watering livestock, since fluorines are genel ally under
arts per million.

(1) Group B.—Slightly Saline Chloride Coasml Waters.

‘The concentration of injurious salts in the waters of this group
so low that the waters are very suitable for irrigation and the
ering of livestock.

(i) Group C.—Temporary Hard (Carbonate) Waters.

There are no injurious salts present in these waters, so that they
:a,ll be used with impunity for watering livestock and for irrigation.

(iv) Group D.-—Alkaline Soda Carbonate Waters.

‘Since Na,S0, is present in these waters only in exceedingly small
unt, the only injurious compound is “ black alkali " (Na,COj or
1CO;) which is highly injurious to vegetation when present in
reciable amount.

Perkins (76) states that few crops can tolerate 100 parts Na,COy
NaHCO, which is highly injurious to vegetation when present in
rec1able amount,

Hilgard {(75) states that few crops can tolerate 100 parts Na,CO,
10% i any type of soil while on heavy soils smaller amounts are
rious.

‘Simpson (57, p. 145) states that upwards of 37 parts per 108 of
~O; are injurious to plant life.

Although in some waters of this group in the Union the percentage
l2,CO,; or NaHCO, is extremely high (more particularly in the
er Beaufort waters) the absolute amounts of alkali are generally
r 35 parts per 10° {(as Na,COy), so that the majority of the waters
1is group could be used for irrigation provided the soil is not too
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imts Jor the fact that so many of our soils are deflocculated, for apart
| Injurious action on plant life, Na CO; has deflocculating action
he clay present in soils, with the }'}Obblble formation of a hard
beneath the surface of the soil which cannot be penectrated by
t roots.
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s is as follows:
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The waters of this group are suitable for watering live
though the high fluoride waters in the Red granite and Pila
rocks may have some effect on teeth of cattle, since the fluorine ¢
is sometimes over 5 parts F. per 10°%

(v) Group E.—Pure Water Group.
The waters belonging to this group are all suitable for wa
of livestock and irrigation purposes.

PoweER PRODUCTION.

Waters in connection with the power industry may be cons
ander the following heads :--

(r} Cooling waters for the water jackets of oil engines,
cooling systems of turbo-alternator plant.
(2) ““ Make-up” for boiler feed water in steam plant
water used for evaporators in boiler plant.

(3) Water for steam locomotives.

Cooling Waters.

Tt is assumed that the water used is recirculated and t
does not pass once only through the cooling system.

At the present time the majority of power plante in the §
towns consist of oil engines.

Water is used for cooling the cylinders. Though there
appreciable rise in temperature of the cooling water in the
the maximum temperature under normal operating conditio
not exceed 180° F.

A certain amount of concentration of the water takes
the spray ponds into which the cooling water passes, but the
Conccntlahon is never excessive under wmormal conditions

“make up” seldom exceeds 10 per cent,

There is even less rise in temperature in the cooling w
the condensing system of turbo-generator steam plant, the me
temperature under normal operating conditions being in the
bourhood of 1109 F. The rate at which concentration takes pl
spray ponds or cooling towers through which the water pass
course, dependent on temperature, hvmidity and wind co
but is small compared with the rate of concentration whi
place in steam boilers. The “ make up ” to the cooling wate
not generally exceed 10 per cent. :

Therefore in the cooling water systems of both oil engl
steam plant, the concentration factor is small compared wit
boiler waters, while the temperature of the cooling Wa.ter
well below boiling point.

In spite of this fact, scale problems are common in bot
of plant, Scale in the water jacket~ of oil engines can be
matter since it often results in a cracked cylinder head.

In steam condensers the heaviest deposition occurs at th
of highest heat exchange, i.e. the upper banks of tubes in
pass. The effect of an accumulation of scale in the first
condenser is to reduce the rate of transfer between condens
cooling water, this increases the rate of deposition of sca
result is a lowering of vacuum and condenser efficiency.

2{0-. 28 —ANALYSES OF SCALE FORMED IN COOLING SYSTEMS OF POWER PLANTS AND THE WATER USED FOR COOLING,
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i. 2. 3. i 4. i 3.
Graaff Reinet Brandfort Ladybrand | Lichtenburg ! Winburg
Plant. Power Station. Power Plant. é Power Plant, s? Power Plant,
i
| |
Raw Water Raw Water Raw Water Raw Water) Raw Water
Scale Percentage| Scale Percentage] Scale Percentage| Scale Percentage| Scale Percentage
Percentage.| on Total Percentage.) on Total 1Percentage.] on Total |Percentage.| on Total Percentags.] on Total
Solids. Solids. Sotids. Solids. . Solids.
Moisture.cae-nnien o S .e 041 — 165 -— 02X _— 1-51 - 0-60 . -
16 SO 2-60 4-20 3 10 79 0-84 — o-80 a7 6-44 77
AlLQ, Fe,0p.iviinsvenninninaivn. g-2* 0-41 o-26 — Trace o 031 024 3-56% —
L T 4476 1400 4991 12-8 5364 14°4 51°15 26+0 48-0 16-8
{CaCOQ.vvnnnn... e ceea {785} —_— {8g-0) — (9590} — {go-35) — (86-0} —
gO. oo e PR . 2-00 10-3 2-99 162 1°92 24 2+-00 225 253 15-8
(MECOS)ev v veaneanannnaean | (574) — (6:3) - (4-0) — (42) = (5:3) —
et Trace 28-3 Nit 98 Nil 6.7 j Nil 45 Nit 8-0
SOS..,,...,.H. e 0356 Trace 011 5-85 Nil Trace 040 270 0-10 8.0
CO2 3656 164 38-28 36-0 40-8 36-5 4225 4205 39-6 25-0
NaCOuerin cvrivennenenn ceeen Nil Nil © N} 22-5 Wit 49°5 Wil Nii Nil Nil
Organic Matier, etc. (By Dlﬁerence) 331 — 3-70 — 250 e 1-58- — Nit e
Total.cvevinennn. Creretirisiess | 100°00 — 10000 — 10000 — 10000 e 100-83 —
Ratio CaO:MgO.......... e 1:0-05 I1:0-74 I:0:06 1:1-3 I:0:04 1:0°2 I1:0°04 1:0-85 ¥:0-05 I:0-g

% Segle contained rust.
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The author carried out the following investigation into the
of the scale formed in the cooling water system of both oil e
and steam plant in the Union. Samples of scale found on ¢
heads of oil engines and in the condenser tubes of steam plan
analysed. Samples of the raw water used {or cooling were also a
the results being expressed as a percentage of total salts in
that comparison could be made with the scales. The resul
shown n Table 28 and are very striking.

None of the waters used for cooling purposes were treated
way. As will be observed from Table 28, several different t
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Case 1.—Graaff Reinet, C.P. as cooling wa
{i) Gros

The water used was of a very hard, somewhat saline typ
Ca0 : MgO ratio of 1 :0-74. The scale in the cooling system
of 78-5 per cent. CaCO, with only 5-4 per cent. MgCO,, the
consisting of rust from corrosion of the metal. (Ca0O:MgO &
the scale is 1:0:06.)

Case 2.—Brandfort, O.F.S. (condenser tubes).

(For complete analysis of water see 233, Table 22).

‘This borehole water was of the soda carbonate type ; the h
was therefore all temporary. Na,S5O, was appreciable. The Ca
ratio was 1:1-3. The scale consisted of 89 per cent. CaCOj; a
6-3 MgCO, with but a trace of sulphate. (CaO:MgQO in t
is ¥:0-00.)

Case 3.-—Ladybrand, O.F.S. (condenser {ubes).
(For complete analysis of water see No. 35, Table 24).
This borehole water was also of the soda carbonate ty m view of 1

sulphates were absent. CaO:MgO 1:0-22. The scale cons Mg(HCO,), :

g5 per cent. CaCO, with only 4 per cent. MgCQO,; (Ca0:MgOx (
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Case 4.~——Lichtenburg, Transvaal (0il engine).
(For complete analysis of water see No. 36, 'lable 10).
This spring water was of the carbonate type C and

mainly of Mg(HCO4), and Ca(HCOy),. Ratio CaO: MgO

CaSO, was present in small amount, The scale consisted

per cent CaCO; and 4-3 per cent. MgCO,;, (CaG: MgO in ¢

X:0-04.)

Case 5.—Winburg, O.F.S. (o1l engine).
(For complete analysis of water see No. 546, Table 23).
This water was of a very hard type, with an appreciable C

content (i.e. Permanent Hardness present). CaO : MgO rati Mg(HCO,),.
The scale consisted of 86-0 per cent. CaCO, with only 5°3 Nse to seri
while CaS0, was only a trace. (Ratio CaO: MgO in the scale types of p(
Two facts emerge from this investigation :— Cularly suif
(1) Whatever the nature of the water, scale, if form the Ca(HC
consists almost entirely of CaCO, with but a v NaHCO, t

amount of MgCO,. Calcium sulphate calcium sil - Matter at

other compounds ‘often present in boiler scales, ar })Je 1n boiler

OF some o

absent or in traces only.
tan be us

{2) There is always a partial, sometimes almost
elimination of magnesium. This being due to th Sodiw:
not only i1s Mg(HCOj), slightly more stable than ! “could poss
but MgCO, is more- soluble than CaCO, so- most case:
100 high,

deposition does not occur to the same exteot.
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It is known that the stability of the bicarbonates can be broken

wn by mechanical agitation and a rise in temperature, resulting
the loss of some CO,, and both factors operate in cooling water

n plant weps | tems.
Uso analyseqd It follows therefore that the waters in which the proportion of
alts in ordey HCOy), and Mg(HCO,), are high, ie. high temporary hardness

ample the Dolomite waters), are more prone to give rise to scale
cooling systems than waters in which the temporary hardness is
and the hardness is mainly permanent (i.e. due to the nitrates,
orides and sulphates of calcium and magnesium.)

It is proposed to cousider the suitahility of each group of waters
cooling waters in the light of these facts.

(1) Group A.—Haighly Mineralised Chloride-sulphate Waters.

In these the temporary hardness is low as compared with the
manent hardness, and in view of this fact they are generally
aking, quite suitable for use in the condensing systems of steam
nts, and this applies to a less extent to use as cooling water in oil
ine jackets, provided, of course, that undue concentrations is
ided.

However, in some of the more mineralised waters of this group
. the granitic waters of the North-West Cape and North-Eastern
nsvaal), the concentration of temporary hardness compounds
HCO,), and Mg(HCO,),, though very low in comparison with the
rmanent hardness salts, may be found to be sufficiently high to
d to scale troubles in oil engines.

In the case of thesec waters base exchange (zeolite) treatment of
““make up “water of the cooling systems is generally uneconomical
view of the high concentration of Ca and Mg salts other than
HCOg), and Ca(HCOy),.

(i) Group B.-—Slightly Saline Chloride Waters.

The concentration of all salts in these waters is very low as
pared with the previous group. Furthermore, the permanent
dness compounds are relatively high as compared with the tem-
ary hardness forming compounds [Ca(HCO,), and Mg(HCO,),]. It
ows therefore that these waters are suitable without treatment for
cooling systems of both types of power plant.

(i11) Group C.—Temporary Hard (Carbonate) Waters.

Though the concentrations of these waters are generally not very
h (except for the dolomitic waters in the Kaap Plateau) the
olved compounds consist almost entirely of Ca(HCO,), and
HCO,),. Hence these waters, if untreated, will invariably give
to serious scale troubles in the cooling water systems of both
es of power plants. However, these carbonate waters are parti-
rly suited for base exchange (zeolite) treatment. It is true that

reated in any
rent type5 of
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stem consistg
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formed at all, Ca(HCOy), and Mg(HCO,), are converted by this process into
a very sma HCO; thus resulting in a highly alkaline water, but this does not
m silicate an ter at all in cooling water sytems, however undesirable it might
s, are entirel n boiler feed water “ make up ”. Therefore base exchange treatment
ome other form of treatment is absolutely essential before they

ost  complet be used for cooling purposes.

Sodium hexametaphosphate (calgon) treatment of the “ make up
d possibly be substituted for base exchange treatment, but in
ost cases the initial concentration of Ca(HCO,), and Mg(HCO,), is
high. This will be discussed hereafter.

an Ca{HCO;
so that soli
it '




184
(iv) Group D.—dlkaline Sode Carbonate Waters.

Since these are similar to the waters of the preceding.
except that there is an excess of Na,CO, or NaHCO,, the same n
apply as regards suitability for coolmg. The concentratio

-_-plan‘t to pre
than to utili

Ca{HCO;), and Mg(HCO,), are, however, very much less than Nevertl
carbonate waters and treatment may not always be necessary { turbo-alte
exchange treatment of the “make up” to the cooling water sed as “m
be used, but treatment with sodium hexametaph osphate will b We are

to be smmpler and require no capital outlay for treatment pl equires & pl

In a paper in 1938, the author (8o, p. 87) suggested the

sodium. hexametaphosphate for treating circulating waters for ), pp. 63-

densing systems of steam plant by virtue of the fact that Na It is as
for more correctly Nay(N va,P40y5)] has the unique property of uspended 1
up calcium and magnesium in solution in a soluble couplex ey Change

to fairly high concentrations, provided the boiling point is nol higher press

This Na(PO;)4 treatment of cooling waters has since been a
amd ex_panded into the_ ¢o called * Threshold Treatment 7, viz. : | )
and Rice (81) and Rice and Partridge (82) in 1930. : altered dur

The addition of only a very small dose of sodium hexamet; Tt is b
phate (1-5 parts per million} to the cooling water will prevent pi specialised
tation of CaCO; even on the threshold of crystallisation, he but it is pr
term *‘ Threshold Treatment ", suitability

It should be pointed out here that the Threshold Treatm corrective
entirely distinct in principle from the treatment of boiler feed (i) G
with Na(PO,), (Calgon). These

The Threshold Treatment of cooling wateze can be app since the ¢
even the highly allkaline waters such as are found in this group P A very
the initial Ca(HCO,)y and Mg(HCO,), content is wnot too high. There

The concentration of temporary hardness compounds 1 that even
circulating water in this trestment should not exceed 30 p cent., this
CaCO,) per 10® and must be controlled by systematic blow exce?ls‘i;’eecl{

For some years the author has been recommending the a a certain ¢
of Na(PO,)s to certain types of cooling waters in this count Nimit to 4
the results up to date, have been satisfactory but more part ' Tn the
with condenser circulating water. Incidentally it may be stat concentrat
this Threshold Treatment is nof saisfactory or economical in th plant in o
of the highly maneralised waters of Group A on account of the hig Some of t
concentration of calcium and nagnesium. evaporatol

. ‘ n boiler p
(v) Group L—~Pure Waters. ould be 1

These waters in view of the exceedingly low concentrat Some
salts are suitable, without treatment, for the circulating wat feed make
condenser systems of steam plant. : claborate

] satisfactor

Even the spring waters from the Table Mountain series amount o
have a low pH. due, as already stated, mainly to organic The
acids, should not corrode the brass condenser tubing, and 1 a prelin
gertainly not lead to any scale. and then

. This water would however tend to rust the cast iron or c ihotanna
cylinders in the water jackets of oil engines. The slight acidit ﬁ*ﬁod&
be corrected with lime, care being taken to prevent an excess \-'%1 er all
which would result -in scale, Osphat

1153—6



er Feed Water. ,
During recent years the tendency has been to instal evaporator

t to provide for steam losses in turbo-alternator plants rather
to utilise treated surface or borehole water as ““ make up ”’ water
boiler feed. |

Nevertheless, as far as the Union is concerned, in large numbers
urbo-alternator plants, treated surface or borehole water is still

as “make up ”’ water.

We are not concerned here with surface water, which usually

5
ding group
me remark
itrations o

nt plant, ires g preliminary clarification treatment with aluminium sulphate
1 the use of mixture of- aluminium sulphate and sodium aluminate [Bond
ers for cope PpP. 63-64]. -

at Na(PO J It is assumed here that the borehole or spring water is free from

ended matter.
Changes in modern boiler design have all been in the direction of

er pressures, higher temperatures, higher ratings and larger units,
hat the problems of scale, corrosion and priming are becoming
asingly important and consequently our standards regarding
y of water supplies for make up purposes have been radically
ed during the past fifteen years.

It is beyond the scope of this {reatise to go fully into the highly
alised subject of boiler feed water treatment and conditioning,
it 1s proposed to take each group of waters in turn, discuss their
ability for boiler feed make up purposes and suggest possible
rective chemical treatment.

(1) Group A.—Highly Mineralised Chloride-Sulphate Waters.
These waters are potentially corrosive as well as scale-forming,
ce the chlorides of magnesium and sodium are appreciable.

~ A very high chloride and sulphate content is the chief characteristic.
- There is no economic treatment for the removal of chlorides, so
t. even in these cases where the make up is as low as 3-5 per
t., this chloride will concentrate in the boilers and result in
essive primary and other troubles.

The concentratlon of chlondes in the boiler can be controlled to
ertain extent, by * blow down ”’, but naturally there is an economic
1t to the amount of blow down.

- In the care of many of the waters in this group, the initial chloride
centratlon is far too high, and the only remedy is to instal evaporator
nt in order to provide distilled water as make up for boiler feed.
ne of the highly saline waters in this group would soon scale-up
porator plant, but scale in evaporator plant.is not as serious as
oiler plant, and is more easily removed, and in any case the water
ld-be treated before being evaporated.

Some of the less saline waters in this group are used as boiler
t make up in many of the smaller Karroo towns, but even after
orate and expensive chemical freatment the results are far from
sfactory. Inany case the chloride content necessitates an enormous
wunt of blow down.

The appropriate chemical treatment for these less saline wateys
preliminary softening with lime and soda ash followed by filtration
~then conditioning with small amounts of phosphates or phos-
tannates in order to remove all the residual hardness left after the
-soda softening. The phosphate to be used should depend on the
er alkalinities, The following are commonly used: trisodium
sphate, sodium hexametaphosphate or sodium tetraphosphate
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In the case of “ closed feed " systems the water is sometime
conditioned with sodium sulphite to remove recidual oxygen
supply the sodium sulphate concentration deemed necessa
certain alkalinities, as an inhibitor against so called *“ caustic em
ment . The *‘ conditioning ”’ of treated feed water with pho
and sodium sulphite has been discussed by the author in three p
publications Bond, (80, 84 and 86). o

The ““ base exchange ”’ or zeolite treatment might be used:
preliminary treatment of these waters instead of the lime-soda
ment, since in these waters the permanent hardness is genera
greater than the bicarbonate water, but this base exchange trea
though yielding zero hard water, does not result in a red
total solids, and leaves the water with a high concentration of

At thic point 1t may be stated that the author is cogni
the recent sensational developments in the ““ exchange " treatm
water.

The development of synthetic resins which exhibit ex
absorbent properties has opened up a new field of applicati
promised unique uses in the purification of water. Theoretic
is possible to start off with the most saline of the waters in th
and by means of a hydrogen zeolite process to end up with
virtually distilled water, but in actual practice the proces
results in the total elimination of both cations and anions, is une
for certain waters under existing conditions in the Union. In
basic exchange or zeolite treatment Ca and Mg were excha
an equivalent amount of Na. In the recent development al
present in the waters are replaced by hydrogen. Briefly the
may be summarised thus :i—

() Ca(HCO;), + HyZ = 2H,CO; -- Ca)
Mg Mg »7Z
Na2 NEL'Z ;

(2) Ca(SO,) + H,Z =H,S0, + Ca% (H,Z is the h
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The exchange material is regenerated with H,50, Then
is the removal of free acids, by passing through beds of acid ab
material, thus leaving what is virtually distilled water. It
latter stage of the process which still has to be worked o

factorily. A base ¢
CO, produced, as in equation (1) can be removed very €a waters. This
degasifier, hence the process would be particularly suitable for ¢ and Ca(HCO
waters. This fact will be discussed later. _ NaHCO, anc
The main objection to this process, at the present time the NaHCO,

High alkalin
~&xchange tre
‘ -H2$O . to co

to be the high initial cost of the equipment and the fai
deterioration of the organic substances employed. This lat
would apply more particularly to the treatment of the salir

water found in the Union. : Satisfactory .
In conclusion it is repeated that the only satisfactor in any way.
dealing with this group of waters is by the installation of € hydrogen zec
o | the soda cas

plant.
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sometimes ag () Group B.~—Slightly Saline Chloride Waters.

These waters are potentially corrosive since they generally contain
agnesium chloride. The salts in these waters do not usually exceed
parts per 108, but chlorides are relatively high in relation to other
ts, so that these waters are not suitable for high pressure boiler
ant, with their high steaming rates, for the concentration of chloride
yuld soon become appreciable, necessitating very frequent blow-down
en when the make up is only 3 per cent. After appropriate treatment .
ese waters could be used as “ make up”’ for boilers operating up
250 Ib. per sq. ins. provided the make up does not exceed 5 per cent.
mporary hardness is greater than the permanent hardness and
nsequently these waters are not altogether suited for base exchange

atment.
.~ The appropriate treatment would be a preliminary softening with

ne and soda followed by conditioning of the filtered water with small
_ounts of phosphate, sodium sulphite, and so on.
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(iil) Growp C~—Temporary Hard (Carbonate) Waters.

These waters contain only Ca(HCOj;), and Mg(HCO,), and are
us potentially scale forming. The hardness, being temporary, i
cily removed, and since chlorides are negligible these waters are
ry suitable for boiler feed make up. The appropriate treatment is
eliminary softening with lime and a little soda followed by condi-
ming with phosphate. In this case the alkalinity, after lime
atment, is generally high, so that the acid sodium hexameta-
osphate would be preferable to the tri- or di-sodium phosphate.
nce the preliminary cold lime-soda softening does not reduce the
rdness much below 5 parts CaCO; per 105, it is advisable to add a
all amount of sodium aluminate along with the lime and soda.
is results in a much lower residual hardmess, a more rapid
tlement of floc, part removal of silica, and prevents the “‘after
cipitation "’ of MgCO,. As the author has pointed out in previous
pers Bond, (8o, p. 75, and 84, pp. 3-4) it is necessary that
ignesium compounds be present in appreciable quantities in the raw
ter for sodium aluminate to be effective.

The waters from the basic zones of the Bushveld Igneous Complex
er peculier difficulties, inasmuchs as the water contains practically
ly Mg(HCOj;), with a very high silica content. These waters can
wever, be satisfactorily softened and the silica largely eliminated
- the addition of larger amounts of sodium aluminate in the
liminary softening than are normally used.

A base exchange softening is often erroneously applied to these
ters. This may result in a zero hard water, but the Mg(HCO,),
d Ca(HCO,), are merely exchanged for an equivalent amount of
HCO, and the total soluble salts are not reduced. In the boiler
NaHCO,; is decomposed into NaOH and the corrosive CO, gas.
gh alkalinity are to be avoided in boiler water, Of course, base
hange treatment could be combined with an after treatment with
50, to convert the NaHCO, into Na,S0, but this is not altogether
isfactory since the total salt content in the water is not reduced
any way. A very effective treatment would be by means of the
drogen zeolite referred to previously. This will be discussed under
“soda carbonate waters.
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(iv) Group D.—Alkaline Soda Carbonate Waters.

.. ‘These waters contain a certain amount of Ca(HCO,),
Mg(HCO,), and are therefore potentially scale-forming. The
difficulty. is in regard-to the high soda and «silica content of -
waters.
- 1t is essential to reduce the NaHCO, or Na,CO, content for

are decomposed in the boiler into NaOH and CO,. The NaO
concentrates and leads to foaming. Since ° ”

In the case
Mountain series ir
mount of lime t
matter, followed
amount of phosp!
excess of lime.

The relativel
_ Table Mountain .
: " antifoam " comp be the case with
containing castor oil or other oils, are not suitable for use in h ‘
medium pressure boiler plant, it follows that excessible blow

would be required to control foaming.

The CO, evolved will contaminate the steam, corrode supert
and aggravate corrosion of turbine blades. It reappears dissol
the condensate, rendering it corrosive. Apart from foaming, t
also the problem of the so called caustic embrittlement in r
steam boiler drums. This embrittlement is supposed to be inl
by maintaining a certain ratio of Na,SO, to NaOIH, but the
has expressed his doubts, in previous publications Bond (84
83, pp. 7546, and 8o, pp. 76-77) as to the effectiveness o

remedy. : . _-

At one time the usual method with soda carbonate waters
treatment with CaSO, followed by lime treatment. This wa
simple but far from efficacious, owing to the insolubility of
The CaSO, was added in an attempt to convert Na,CO,; and Na
into CaCO,  The author has suggested the {ollowing treatm
these waters. Lime plus soda aluminate- treatment to redu
the temporary hardness and silica, filtration, and then cond
with phosphoric acid to reduce the alkalinity (H,SO, could
but a certain amount of CaSO, will be formed). This ph
acid treatment is effective, as it results in a water of pra
zero hardness and with a considerably reduced alkalinity.
also prevent the formation of a silica scale. It is, however, ex
with some of the more highly alkaline waters in thie group.
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It must be emphasised, however, that, in the above m
one is merely replacing Na,CO,; or NallCO; by an equivalent
of other sodium salts, which, though less dangerous than the:
will cause priming in high concentrations.

The recently developed hydrogen zeolite exchange process
to-in a previous page appears to be the ideal treatment {C
alkaline waters for, as shown in equation (1), all the cations arer
and the net result is a water containing little else than CO
CO, is easily removed in a degasifier, and all that would
necessary is to add a small amount of NazPO, to the water t
the pH. However, as far as the author is aware, this proces
yet been applied in the Union. '
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(v) Group E.—Pure Waters.
Phosphate since

With the exception of spring waters from the Table I
series, these waters only require the addition of a small an
alkali to elevate the pH. of the water to inhibit corrosion. T
with sodium silicate is not recommended when the water 1
boiler feed purposes, if the water contains calcium. :

. ?h&t%c: sludge ic
Nditions of th
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In the case of the dark coloured acid waters from the Table
ntain series in the Cape Province, it is desirable to add a very small
unt of lime to neutralise the acidity and precipitate the organic
ter, followed by filtration and then a conditioning with a minute
unt of phosphate to eliminate the residual hardness due to any
ss of lime.

The relatively high chloride content of the waters ariving in the
le Mountain series necessitates far more blow down than would
he case with other waters of this group.

Feed Water for Locomotive Boilers.

Suitability of the various types for use as locomotive feed water
1l now be discussed.

Locomotive boilers have to work under. very dlfferent conditions
those existing in the stationary steam plant in power stations,
To begin with no return condensate is available, the whole of the
¥ having to be oblained from wmatuval vesources.

In addition treated water from many different sources, different
ely in composition, often gets mixed in a locomotive boiler.
Furthermore, in comparison with the feed water in a closed feed
em of a modern stationary steam boiler plant, the water is far more
ted. The pressures, are however, much lower.

The water capacity of the large locomotive boilers used in this
try is about 3,000 gallons, and in a round trip of 400-500 miles,
e boiler will evaporate about 30,000 gallons. Thus the salts will have
n concentrated ten times. It may be pointed out that a very
h higher concentration of solids is allowed in a locomotive boiler
n in a stationary boiler, for concentrations up to 1,000 parts per
can be permitted under certain circumstances in the former boilers,
reas 300 parts would be regarded as excesstve in stationaty boiler
ts of 250 Ib. pressure or over.

Owing to this concentration factor, priming and foaming are more
ous problems in locomotive feed water practive than in stationary
iler steam plant.

The quantity of water blown off under oper&tmg conditions will
turally be dependent on the type of water used but will normally
from 5 per cent. to 20 per cent. of the total water fed to the
iler. '

The treatment given to locomotive feed water does not differ
sentially from modern practive in power stations, and it is therefore
t necessary to go into thie question in detail. It is sufficient to
ate that there should be a preliminary softening with lime soda and
little sodium aluminate followed by filtration, or a base exchange
ftener may be used if the permanent hardnesq is much greater
an the temporary hardness.

A zero-hard boiler water is aimed at in the higher préssure boilers
_stationary boiler plant, but a boiler water hardness of 2—3 parts
CO; per 10° is usually deemed satisfactory in locomotive practice.
Phosphate-tannin boiler compounds are added in small quantities
he softened feed water, as internal conditioners. It is preferable
at the phosphate should be the hexametaphosphate or the tetra-
iosphate since the use of di- and tri-sodium phosphate may lead
the deposition of phosphatic sludge in the injectors and feed pipes.
etra~- or metaphosphate be used, then deposition -of the soft phos-
atic sludge is delayed until the high alkahmty and temperature
nditions of the boiler are reached.
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¥

‘Minute quantities of ““ antifoam ” compounds such as cas
are often added to inhibit foaming, but naturally there are limit
to their use. '

Both the pure water Group E and the slightly saline wate
B are very suitable, after appropriate treatment, for loccmotive
feed.

The temporary hard waters Group C, are suitable for loc
boiler feed if efficiently treated, but it is essential that the trea
with lime, soda and sodium aluminate be satisfactory, oth
trouble will occur in the injectors which heat up the feed we
about 150°F. In the injectors loss of CO, takes place resultin
deposition of CaCO, (and to a much lesser extent, of MgCO,)
may lead to scaling up of the injector cones, thus causing
trouble and delay. The silica which, as has been shown, is p
in appreciable amount in the magnesium bicarbonate waters f
basic zones of the Igneous Complex will cause very thin hard
scale unless inhibited by phosphate conditioners,

The highly alkaline soda carbonate Group D of waters
easy to treat for locomotive feed water. The Ca(HCO,), and Mgi
present can be eliminated by efficient lime-soda-sodium ali
treatment but the high Na,CO, or NaHCO, content, as wel
usually high silica content, constitute a problem. The Na
NaHCO; are converted in the boiler into NaOH and this will
concentrate and cause excessive foaming, apart from the que
caustic embrittlement. Furthermore, highly alkaline water w
to corrode the copper stays and other copper parts of the old
of locomotive boilers. The addition of an anti-foam compou
very frequent blowing down will inhibit foaming to a certain
but naturally there is a limit to these palliative measures. A
phosphates will inhibit scale to a certain extent. Preliminary tn
with gypsum (CaSO,) will bring down the soda alkalinity.
has already been stated, this process is not very efficaceous,

Some of the waters of the highly mineralised chloride
Group A are far too saline for use as locomotive feed wat
use will lead to excessive priming. Some of the less sali
could be used after lime-soda or zeolite softening, followe:
addition of a suitable “phosphate-tannin’ conditioner and ;
foam compound. It is difficult to generalise with regard
concentration of total solids at which priming may be ex
take place in a locomotive boiler, for priming is depend
number of factors, namely, the design of the locomotive
load factor, the gradient of the line, the presence or af
suspended matter, the nature and concentration of the salte
water, and the presence or absence of an ‘ anti-foam ”
At concentrations of above 300 parts per 10%, particularly !
alkaline water (and all softened water will be alkaline) p:
foaming may take place, but by the use of an anti-foam
a concentration of ‘as much as 700 parts may be reached
.priming or fcaming occurs. '

Generally speaking, the use of a borehole water witl
parts total solids is uneconomical, for even when an anti-
pound is present the boiler solids have to be kept down
parts per 10° with the result that the amount of blow
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xcessive. It follows that, though the majority of waters in Group A
be and are used for lack of better waters as locomotive boiler
in the Union, their use is uneconomical and leads to a number
roblems,

INpusTrRIAL USES,

There is hardly any industry or prospective industry in the Union
which the quality of the water is not of paramount 1mportance
more important are the following :—

(i) Wool Washing.

Since soap and alkali are used in the process, it is essential
that the water should not be too hard or too saline, otherwise
insoluble calcium and magnesium soaps would be formed and
deposit in the wool. The hardness should not exceed 8 parts
CaCO4 per 105. The waters of the pure water Group E are
suitable, while some of the waters of the slightly saline Group B
could be used. The waters in the carbonate Groups C and
D could be used after treatment, but in some cases the cost
of softening might be excessive in view of the amount of
water used.

Iron 1s extremely deleterious for wool washing. It has
been stated that water from the Table Mountain series and
other waters in Groups B and E show a tendency to deposit
iron oxides on standing. Provided sufficient time is allowed
for these waters to stand before being used, all the ferrous
bicarbonate will oxidise and come out of solution, and these
waters would then be entirely suitable.

(1) Starch Manufacture.

Starch is sensitive to colouration, and the product must
be white. Hence the brown waters from the Table Mountain
series would first have to be decolourised. Iron and manganese
must be removed, and the water should not be too saline or
too hard.

(iii} Yeast Manufacture. _

There do not appear to be many limitations, though the
water should not be too saline, and of course, sterile.

(iv) Soap Manufacture. _

If too hard a water be used in the preparation of the
alkaline liquors wastage of alkali results through precipitation
of the insoluble calcium and magnesitm compounds. If too
hard a water be used in the boiling of the soap insoluble calcium
and magnesium soaps would be formed, thus resulting in an
inferior product. Hence Group C and D waters would first
have to be softened. Most waters in the B and E Group would
be very satisfactory.

(v) Textrle Industry.

In the cleaning process, the detergent will combme with
calcium and precipitate insoluble soaps that will adhere to the
fibre of the fabric.

In the dyeing process, as pure a water as possible should
be used since the presence of calcium- and magnesium salts
cause unevenness of colour deposition. Iron causes rust stains
and is thus particularly deleterious. The pure water Group E
1s suitable provided iron be allowed to settle out before use,
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but the organic-colouring matter in waters issuing fron Fi:
- Table Mountain series would render them unsuitable 1 inera
decolouriced. ;The waters of Groups C and D would first but ot
to be softened to eliminate as far as possible calcium - describ
magnesium bicarbonates which would otherwise precipita acidity
the fibres. . . “ humi
(vi) Brewing Industry. Se
The quality of the water used for brewing is imp of org:
as affecting the product. A very pure water is not re Grén (
as suitable. The water should contain a moderate am or ovel
CaS0,, with a small amount of NaCl. Saline waters and setting
containing appreciable bicarbonates of calcium and magn H
such as Groups C and D, are undecirable, as are also thos £ .
contain even small amounts of iron. The pure water G from t
could be adjusted, if necessary, with CaS0O,, etc., but concrel
matter should be abrent, hence dark coloured waters fro; of theei
Table Mountain seriec are unsuitable. Group B waters so tha;
be suitable. Tl
(vil) Tanntng Industry. water
Tannin precipitates calcium, magnesium and iron salts,
Jeaching vats, resulting in the loss of tannin, In additi 1t
forms dark coloured precipitates with tannin, thus givin (92), L
to discoloured leather. Waters containing sodium ca: of cale
and bicarbonate, cause precipitation of lime in the “1 “of sod
process and are to be avoided ; likewise those containing either
matter; such as the waters in the Table Mountain has =t
Therefore Group E waters, with the exception of the: produg
of the Table Mountain series are very suitable. Group D SO, is
would first have to be softened to remove the bicarb the co
calcium and magnesium, but Group D contain too mu e
alkalinity and are to be avoided, epring
The slightly saline Group B would be quite satisf fow of
(viil} Paper and Pulp Industry. North
Paper manufacture requires a fairly pure water. above
Manganese, iron and organic colouring matters sh grounc
absent, hence the dark coloured spring waters arising concre
Table Mountam series are not suitable as they would T
“rust stain " the paper. The other waters in Group E tank
be satisfactory provided the small amount of iron be anxs,
to settle out before use. Some of the waters in Group | Vv
be satisfactory, but waters of the Group C and D ty to lea
first have to be softened. Naturally highly saline wat be ung
have to be avoided. in the
(ix) Cotton Wool Manufacture. , I
If the water contains appreciable calcium and ma, contal
bicarbonates the msoluble carbonates would depost calciu:
cotton fibres during the * kiering process ”’ and these throu
are very difficult to remove by subsequent washing when
Group C and D waters would first have to be softened. Some
B and E would be, in most cases, satisfactory evel Group
untreated.
(%) Water and Concrete. A
Water used for concrete mixing should conform t Thori geo-c
zons, has

standards. nion of Sor
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Firstly, the water should be non-acidic, but this refers to
mineral acids, i.e. dcid mine waters. Hence the slightly acid
but otherwise pure waters from the Tablé Mountain series

~described in Section 15 may be used with impunity, since the
acidity in these waters is due to small amounts of the so called

“humic acids ”’ and not to mineral acids.

Secondly, the water should be free from a hlgh concentration
of organic matter, since it has been shown from the work of
Grin (92, p. 498) and others that concentration of I per cent.
or over (based on weight of mix) almost comp]etely inkiibit the
setting and hardening of Portland Cement.

However, in spite of appearance, the dark coloured waters
from the Table Mountain series can be used with impunity for

~ concrete mixing, for, as shown in Section 15, the organic content

of these waters seldom exceeds 3 parts per 10® (-003 per cent.),
so that the organic content of the mix would be negligible.

Thirdly, concrete specifications usually state that the mix
water should be free from objecitonable quantities of certain
salts, although no fixed limits are cet.

It is known from the investigations of Dorsch (91), Grin
(92), Lea and Desch (9o, p. 190~191) and others that the chlorides
of calcium and magnesium, and the carbonates and bicarbonates

“of sodium in appreciable amount (r per cent. or over) lead

either to a retardation or acceleration of set. Abrams (93)
has chown that the use of sulphate water in concrete mix
produces little ill effect until a concentration of 1 per cént.

- 80, is reached, when a 10 per cent. reduction in strength of

the concrete recults

However, the concentration of these salts in bore-hole or
spring waters in the Unicn, with the porsible exceptlon of a
few of the more heavily mineralised waters found in the arid
North West Cape, falls far below the concentrations used by the
above investigators in their tests, so that the majority of
ground waters in the Union can be used with impunity for
concrete mixing.

The effect of certain waters on concrete pipes and stora.ge
tanks, etc., is however, quite a different problem.

Very pure waters, such as those classified as Group E, tend
to leach out the lime from concrete pipes or vessels, if these
be unprotected, and several causes of thls have occurred recently
in the Union.

It has also been found that continued éxposure to water
containing more than xoo parts per 10° of the sulphates of
calclum, magnesium and sodium may endanger concrete,
through deposition in the pores of the concrete, particularly
when the structure is exposed to alternate drying and wetting,
Some of the more heavily mineralised waters of chloride-sulphate

- Group A might cause trouble in this respect.

XXVI.—SUMMARY,

A geo-chemical survey, embracing all the principal geological
ons, has been made of the underground water supplies of the
on of South Africa.
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- It has been shown that each geological formation yie
?charactenstlc salts to the percolating waters. Certain form
give rise to waters having very striking chemical characterist
- A chemical classification has been made of the various t
-ground water encountered in the Union, and it has been show
these waters fall naturally within five groups, though there is-a
amount of overlapping. _
A water map has been compiled to illustrate the distribu
‘these various types of ground waters in the Union of South
_ The utilisation of these types for various purposes ha
fully discussed, but more particularly with regard to utilisatio
power industry.
The corrective chemical treatment necessary to render e
these types of water suitable for various technologlca}_ uses h:
been discussed.
The concentration of certain elements in the natural wal

the Union, and any significance attaching thereto, has als
discussed and comparisons have been made with undergroun
of other countries.
It has also been shown that though it is exceedlngly d

and dangerous to generalise on the relation between the com
of ground water and the geological history of the formation i
it arises, nevertheless a study of the composition of the wate
occasionally throw light on certain problems connected with tt
of a particular formation, e.g. whether it was laid down in
or in fesh water.
The relation between underground water and surface 1i;
(calcareous tufa) deposits have also been discussed and certain
tions drawn regarding the origin of these deposits.
The origin of the salts in the concentrated soda liquo:
soda caldera near Pretoria and in the brine in the inland s
has been discussed and it has been shown that these liquors
differ basically from the usual ground waters of the geolog:
mations in which they occur.
| The effect of climatic conditions on the composition
underground water is discussed and it has been shown that,
climatological factors play a very important part, the tenden
exaggerate their importance.
In conclusion, the fact must be emphasised that a ve
‘portion of the Union of South Africa is without supplies of
water, while perennial streams are few. Hence a chemical st
the underground water supplies of the Union appears to be
of no little importance..
Investigations are being carried out by the Union Depa;
Public Health into the incidence of dental fluorosis and den
while at Onderstepoort Veterinary Research Laboratory invest
-are being made regarding the effect of the continued ingestion
saline and hard waters on livestock. It is hoped that this und
water survey will tie up with research of this nature. _
In view of all these facts the author sincerely trusts.
treatise may prove to be of some value.
The scope of the subject is so vast that the autho
barely able to touch on the essentials of the subject, and many
remain to be solved.
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