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Survey of the Under'gr(iuIj!el 
Africa" by Dr.G. 

",.""~I,, Commission. The report results of 
1I"'C~"15'''"'Vll of underground waters over a period of "Fix 

the courtesy of the Electricity Supply Commission the 
is able to publish the report as a companion v()lu~e 

;i'h" Water-Bearing Properties of the moreimportani 
Jl'ormations in the Union of South Africa " by Dr. H. F. 

34 represents the first large-scale att~mpt to dea:~with 
water resources of the Uni0ll.as a whole while thEi',}3resent 

the first general survey of tj1~ chemical quality of waters 
the various geological fon1l.ations in South' Africa. 

of water for many industrial purposes, as well as for 
11gricultural and domestic uses, i8 opyiom' to all. Of prime 

is the quality of water. The ,1iJiliture of dissolved matter 
" in solution materially affecfthe efficiency and economy 
l'aising and of some industrial processes in which large 

.", of water are used. Corrective chemical treatment of the 
Hn',,o~ of water in order to render them suitable for industrial 

aspect of this problem and is discussed in some 
this memoir. The composition of underground water is also 

in relation to problems of nutrition and health, and in this 
one might instance the surveys of fluorosis and dental 

H1UlCLt~U by the Department of Public Health, or the investi-
,,' the Veterinary Research Laboratory at Onderstepoort on 

on livestock of highly saline or hard waters. 

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

memoir should be of the greatest use to all who are interested 
!jhemical character of underground water from the industrial 
l'lcicntific standpoint. 
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Your obedient servant, 

LOUIS T. NEL, 
Acting Director, Geological Survey. 



This memoir has been submitted in fulfilment of 
ments for the degree of Doctor of Science in the Faculty 
University of South Africa. 

( 
(i 

(ii 
(i' 
(, 

(v 
(vi 

(vii 
(i: 
(: 

INTER] 

THE ( 

UNI 

(,;}tOL( 

QUAL] 

DISTIl 

GJtov 
UNDE 

QUAL 

GftOI 
UN))) 

f~lUAI 



CONTENTS. 

;1~TIWD1JCTI<)N ............................................ . 
I'REVIOUS WORK ........................................... . 
OBJECTS AND SCOPE OF STUDy ............................. . 
ACKNOWLEDGEMENTS ..•..................................... 

ALYTICAL DATA ........... " ........................... . 
ANALYTICAL METHODS ........................... , .......... . 

(i) Hydrogen Ion Concentration ........................ . 
(ii) Hardness Figures .................................. . 

(iii) Sodium Carbonate and Bicarbonate ................. . 
(iv) Nitrates and Nitrites ............................... . 
(v) Silica ............................................. . 

(vi) Fluorides .......................................... . 
(vii) Sulphates ....................... ' ....... ; .......... . 
(viii) Potassium ......................................... . 

(ix) Rock Analyses ..................................... . 
(x) Sodium ........................................... . 

INTERPRETATION AND REPORTING OF ANALYTICAL DATA ....•... 

THE GEOLOGY OF THE UNDERGROUND WATER SUPPLIES OF THE 

PAGK 

X 

I 

3 
5 

5 
5 
5 
6 
7 
7 
7 
7 
8 
8 
8 
8 
8 

9 

UNION OF SOUTH AFRICA ................. : . . . . . • . . . . . . . . . . 9 

RELATION BETWEEN UNDERGROUND WATERS AND 
SURFACE LIMESTONE......... . . . . . • . . . . . . . . . . . . . . . . . . • . . . . . I I 

THE RELATION BETWEEN UNDERGROUND WATER AND CALCAREOUS 
TUFA..................................................... 12 

CONCLUSIONS.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18 

WATERS IN THE OLD GREY GRANITE AND GNEISSOID 
COMPLEX •.....•...•..•••................................ '" 18 

DISTRIBUTION AND RAINFALL.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 
UNDERGROUND WATER SUPPLy ....................... " . . . . .. 19 
GEOLOGY AND LITHOLOGY... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 19 
QUALITY OF THE WATER ....................... , . . .. . . . . .... 20 

(i) Southern, Eastern and Northern TransvaaL.... . . . . . .. 20 
(ii) Natal and Natal Coast..... . . . . . . . . . . . . . . . . . . . . . . . .. 28 
(iii) North West Cape...... . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 29 

.~-1.n", WATERS ARISING IN THE CAPE GRANITES.......... 30 
WATERS IN THE GRANITE AND FELSITES OF THE 

BUSHVELD IGNEOUS COMPLEX AND IN THE ALKALI ROCKS 
OF THE PILANSBERG ....................................... 37 

DISTRIBUTION AND RAINFALL.. . . .. . . . . .. . . . . . . .. . . ..... . . ... 37 
GEOLOGY AND LITHOLOGy ........... ,., .......... , ...... .. .. 38 
UNDERGROUND WATER SUPPLIES ... , .... , , ..... ,. . . .. . . . . . . .. 40 
QUALITY OF THE WATER .................................. ,. 40 

(i) The Water in the Pilansberg Alkali rocks. . . . . . . . . . . . . . .. 40 
(ii) The Waters in the Red Grauite and Felsite. . . . . . . . . . . .. 44 

!It,,-,H1C WATER IN THE BASIC AND ULTRABASIC ROCKS OF 
BUSHVELD IGNEOUS COMPLEX. . . . . . . . . . . . . . . . . . . . . . . . . . .. 49 

DISTRIBUTION AND RAINFALL. ......... ' . , . . . . . . . . . . . . . . . . . .. 49 
GEOLOGY AND LITHOLOGy ........ , .... , ... ,... .. . ... . . ...... 49 
UNDERGROUND WATER SUPPLy ............ , '" ..... " .. " . , .. 51 
QUALITY OF THE WATER.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 52 

lX.-THE WATERS IN THE ROCKS OF THE WITWATERSRAND 
SySTEM ......................•.•....•....................... 

X.-THE WATERS IN THE VENTERSDORP VOLCANICS: ...... . 57 
DISTRIBUTION AND RAINFALL ........................ ; . . . . . .. 57 
GEOLOGY AND LITlIOLOGY ................................... ' 57 
UNDERGROUND WATER SUPPLIES .......... , ................. . 61 
QUALITY OF THE WATER .................................. .. 61 



ii 

XL-THE WATERS IN THE DOLOMITE; ,SERIES OF THE 
VAAL SYSTEM IN 'rHE TRANSVAAL AND THE NORTH 
CAPE PROVINCE ......................................... , , 

DISTRIBUTION AND RAINFALL ........................... , .. ; 
GEOLOGY AND L,THOLOGy .......................... : .. ' .. ,' 
UNDERGROUND WATER SUPPLIES ........ , ................. ; . 
QUALIl'Y OF THE WATER ................................. . 

XII.-THE WATERS IN THE PRETORIA SERIES OF THE 
V AAL SySTEM ........................ ' ................... . 

DISTRIBUTION AND RAINFALL .................... '.' ' .... , . , , 

GEOLOGY AND LIl'HOLOGY ................... " .......... ,. 
UNDERGROUND WATER SUPPLIES ........................ , ", 
QUALITY OF THE WATER ............. , ...... " ...........• 

(i) Quartzite ,Zones ............ , .....................• 
(ii) Shale Zones ........................ , ........... , . 

XIIT.-THE WATERS OF THE MALMESBURY SERIES, 
WESTERN CAPE .•....................................... ,. 

DISTRIBUT,ON AND RAINFALL ........ ' . , . , . ' ............. , •• 
GEOLOGY AND LITHOLOGy ........ ... , , .................. , , 

UNDERGROUND WATER SUPPLIES ........ , , .. , ... , .. , ..... , , 
QUALITY OF THE WATER .................. ,. '., ......... " 

XIV.-THE WATERS IN THE WATERBERG SySTEM .......... '" 
DISTRIBUTION AND RAINFALL .......... ........... , ...... , , 

-GEOLOGY AND LITHOLOGY .•... ........................... 

UNDERGROUND WATER SUPPLIES ..... , ..... , . " ..... , .. , . " 
QUALITY OF THE WATER ................. , .. " ... , " ... ," 
THE ROOIBERG SERIES ............................ , .. , ... , 

XV.-THE WATERS IN THE TABLE MOUNTAIN SERIES OF 
CAPE SySTEM ............................................• 

DISTRIBUTION AND RAINFALL ... ~ .......... , .............. ; 
GEOLOGY AND LITHOLOGY .•....... .... , ..... , .......... ' , , 

UNDERGROUND WATER SUPPLIES ... , ..... , ... , ......... " " 
THE QUALITY OF THE WATER IN THE CAPE PROVINCE .......• 

(i) Cause of Acidity ..................... , ... , .... , , , . 
(ii) Investigation into the cause of the acidity, ....... , , 

(iii) Utilization ......................... , .......... , .. 
THE QUALITY OF THE WATER IN NATAL ..... , " ., , , " ""'. 

XVI.-THE WATERS IN THE BOKKEVELD AND 
SERIES, CAPE SySTEM ............ , .. , .. , . , ..... , . , ... , , , 

DISTRIBUTION AND RAINFALL .. ................ , ........ , I f 

GEOLOGY AND LITHOLOGy .......... , , , , , , , .•.• , . ' , ' , . ' .', . 
UNDERGROUND WATER SUPPLIES .. " , ' , ' " , , .••. , ' , '. ," , ., 
QUALITY OF THE 'WATER ...... , ..... , : ... , , .. , . , ' , , .. ' , , , • 

XVI I.-THE WATERS IN THE DWYKA SERIES OF THE 
SYSTEM., ••................... , , .. , , .. , , , , . , , , , , . , .... , . , . 

DISTRIBUTION AND RAINFALL ........... , ........ , ...... , , • 
GEOLOGY AND L,THOLOGy .................• ' ..... '" ..... 
UNDERGROUND WATER SUPPLIES ............ , . , ...........• 
QUALITY OF TH)!: W ATER-

(i) In the Cape Province and Western 'fransvaal. .... , 
(ii) In Pondoland and Natal. .........•............ , , 

XVnI.-THE WATERS IN THE ECCA SERIES OF THE 
SySTEM ................................................. " 

DISTRIBUTioN AND RAINFALL .•...... ................... , ;-, 

GEOLOGY AND L,THOLOGY .................... " ...........• 
UNDERGROUND WATER SUPPLIES .............. , .......... . 
QUALITY ,OF ,THE WATER .• , ................••............ 

(i) In the Cape Provinc,e and Natal Coast ........... . 
(ii) In Northern Natal, the Transvaal and Western 

State ....... '" ................................ ; 

GEOLO' 
UNDE, 
QUALI1 

( 
(i 

DISTR) 
GEOLC 
UNDE 
QUALI 

"·'·UT<' W, 
DISTR 
UN DE: 
GEOL( 

QUALl 
UTILI< 

DlSTR 
GEOL( 
UNDE 
QUAL 

COMI 
orCAL: 

SUMM 

GENI 
WAT] 

IDEN 
Gn 

HYD 
NITn 
SULI 
SILIC 
FLU( 

POTi 
SODl 
IRO~ 

MAl 

Do~ 



....... ,. , 

. . . . . . . . . , 

:RIES, 

....... 
........ , ;. 

........ ,. , 
........ ,. , 
"" ""'" 

" , .... , 

RIES OH 

""" . 
""""" " 
........ ,' , 

7INeE ... "'" 

ty·.·.:: ...... ::,' 
. , . . . . . , , . 

, •••••••• , j 

"'" """ 
, ...... , 

'lE 

........ ,' , 

... , ..... , , 
.' ..... "" 

vaal. ..... , 

E 

...... ,., , 

Vestern 

WATERS ARISING IN THE BEAUFORT SERIES OF THE 
l!.:ARR.OO SySTEM .... , . , .............. , . , , ............. , .... . 

DISTRIBUTION AND RAINFALL .... : ..... : .. ' .. ·: '." ... : •. : : .' ..... . 
GEOLOGY AND LITHOLOGy .•.......... , . . :~ .. :,~;~:.~~.,.~ .. ; ......... . 
UNDERGROUND WATER SUPPLIES ........... , .. ; ...... ; .; .•.......... 
QUALITY OF THE WATER ...... , ... , ...... .'. ,' ....... ' .... : ........ . 

(i) Lower Beds ..................... :,C· ... ; ., .. : •• : •..••.• 
(ii) In the Middle and Upper Beds ••...... '.' ..... ' ... " .. 

.• ' •. • ,. t· , 

PAGE 

130 

131 
131 

131 
132 

132 

135 

H"·i~;t:RIJiWi3:AT~~~igo Ttt~T~W.~~~~:~.~~. ~~~ ;~~~~~.~~~ 140 

DISTRIBUTION AND RAINFALL;. ; .......... , . ; ; ... :: . ; . . . . . . . .. 140 
GEOLOGY AND LITHOLOGY. ~ •................. :. , .! .. : ....•.. ,. 140 
UNDERGROUND WATER S.UPPLIES ............ :, .' .. ', ........... 143 
QUALITY OF THE UNDERGROUND WATER. , ...•.... : .......... ,. 143 

"""""'- WATERS IN THE STORMBERG LAVAS~ ............... 145 
DISTRIBUTION AND RAINFALL. t •••••••••••• t ••• : •• :'. • • • • • • • • • •• 145 

UNDERGROUND WATER SUPPLIES ............ , ................. 145 
GEOLOGY AND LITHOLOGY ................. " ...... " .. ,' , .. , .. 145 
QUALITY OF THE WATER ........ " : ........................ , 147 
UTILISATION ............................. , ..................... 148 

..·1'].1P WATERS IN THE CRETACEOUS TERTIARY AND RECENT 
COASTAL FORMATIONS ......................... .' ............ 148 

DISTRIBUTION AND RAINFALL .•.................. ;. . . . . . . . . . .. 148 
GEOLOGY AND LITHOLOGy ................ '" .... : ............ 148 
UNDERGROUND WATER SUPPLy ................................ 151 
QUALITY OF THE WATER .................... .'. : .:. ',' . .. . . . . .. 151 

COMPARISON OF THE WATERS FROM VARIOUS GEOLO-
GICAL HORIZONS ................................ ' ....... ~ : ... '15.5 

SUMMARY OF ANALYTICAL DATA AND CLASSIFICATION OF WATERS 155 
(i) Group A.-Highly Mineralised Chloride Sulphate Waters 155 

(ii) Group B.-Slightly Saline Chloride Waters ..•••....... 156 
(iii) Group C.-Temporary Hard (Carbonate) Waters ....... 159 
(iv) Group D.-Soda Carbonate Waters ...... : .. , . . . . . . . .. 159 
(v) Groupe E.-Pure Water Group. . . . . . . . . . . . . . .. . . . . .. 160 

GENERAL OBSERVATIONS ............... .. , ........ , : . . . . . . . . .. 161 

WATER MAP ................................................ 161 
(i) Effects of Climate. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 162 

(ii) Prevalence of Soda Carbonate Waters.. . . . . . . . . . . . . .. 162 
(iii) Purity of Natal Waters... . . . . . . . . . . . . . . . . . . . . . . . . .. 162 

IDENTIFICATION OF. GEOLOGICAL HORIZON FROM NATURE OF 
GROUND WATER ...•................................. : .... 162 

·:um CONCENTRATION OF CEIUAIN ELEMENTS IN THE 
UNDERGROUND WATERS .................................. 163 

HYDROGEN ION CONCENTRATIONS ............................. 163 
NITRATES ... ' ............................................... 164 
SULPHATES .................................................. 166 
SILICA ...................................................... 167 
FLUORIDES ............................... .' . .. .. . . .. .. .. .... 169 
POTASSIUM .................................................. 171 
SODIUM CARBONATE ......................................... 173 
IRON ....••.................................... , ........... 174 
MANGANESE ••...........................•....•.••........... :. 174 

UTILISATION OF UNDERGROUND WATER FOR TECH
NOLOGICAL AND OTHER PURPOSES AND CHEMICAL 
METHODS FOR IMPROVEMENT OF THE WATER... . • • • . . .• 174 

DOMESTIC SUPPLy •.•.....•.................................. 175 
(i) Group A.-Highly Mineralised Chloride and Sulphate 

Waters ................................ 175 
(ii) Group B.-Slightly Saline Chloride Coastal Waters .... 176 
(iii) Group C.-Temporary Hard Carbonate Waters..... . .. 176 
(iv) Group D.-Alkaline Soda Carbonate Waters....... . . .. 177 
(v) Group E.-Pure Waters ...••.•..... : ................ 177 



iv 

AGRICULTURE, IRRIGATION, AND WATERING OF LIVESTOCK ..... . 

(i) Group A .......................................... . 
(H) Group B. ......................................... . 

(iii) Group C .......................................... . 
(iv) Group D ..........................................• 
(v) Group E. .......................... " ............. . 

POWER PRODUCTION •••••...••....•........................•• 

(i) Cooling Waters, Group A ........................... " 
(ii), Cooling Waters, Group B. ..........................• 

(iii) Cooling Waters, Group C ............ ' ..............• 
(iv) Cooling Waters, Group D ....... , ...................• 
(v) Cooling Waters, Group E .......................... , • 

(vi) Boiler Feed Waters, Group A ......... , .. , .. , , , , , . , .• 
(vii) Boiler Feed Waters, Group B .... , .... , , , ' . : , . , , , ' , , . 

(viii) Boiler Feed Waters, Group C .. , ..... , . , , , , .... , .. , , • 
(ix) Boiler Feed Waters, Group D ...... , . , .... , , .. , .... , • 
(x) Boiler Feed Waters, Group E ............. , , ... ' , , . , • 

(xi) Feed Water for Locomotive Boilers ....... , , .. , , , , . , • 

INDUSTRIAL USES •••••........ , . , . , . , ..•.. , . , •... , .. , •.... , • 

(i) Wool Washing ................. , , .. , . , ........... , .. 
(ii) Starch Manufacture .... , . '. , . , .... , . , .. , , , ....... , , , . 

(iii) Yeast Manufacture ........ , ........ , , ....... ' .... , , , 
(iv) Soap MailUfacture ........... , ..... , ..... , ..........• 
(v) Textile Industry ...... , ..... , ..... , . , .. , , ....... , , " 

(vi) Brewing Industry ..... :: .... , ..... , ............... " 
(vii) Tanning Industry ........ , ........... , ...... , .... , .• 

(viii) Paper and Pulp Industry .............. , ......... , , . , 
(ix) Cotton Wool Manufacture ......... , ......... , .. , , , .• 
(x) Water and Concrete ...... , .... " ............ , ... , . , , 

XXVI.-SUMMARY ... ~ ..... " ...................................... , .. 
BIBLIOGRAPHy ......................... , .................. " 
INDEX .......•....•........................................ , 

A ( 

u:~n( 

pa 
III 

water 1 
in th, 

of attel 
2)* and 1 
the othe 



fESTOC!(' , 

•••••• , I 

........ , 

••••• ,., > 

........ , 

........ , 
•.•••• ',', I 

........ , 

•••••••• , 1 

....... , , 

........ . 

....... , , 

....... , , 

••••••••• 1 

......... " 

.......... 
••••••••• ! ........ , . 

GEOCHEMICAL SURVEY 

of the 

ERGROUND WATER SUPPLIES 

of the 

OF SOUTH, AFRICA . 

particular reference to their utili

in power production and industry 

I.-INTRODUCTION . 
PREVIOUS WORK • 

water bearing properties of the more important geological 
in the Union of South Africa have deservedly received a 

of attention, particularly in the publications of A. L. du Toit 
:4)* and H. F. Frommurze (3) . 
the other hand the nature and chemical composition of the 

water supplies of the Union, their adaptability for 
purposes and the possibility'of their chemical improvement, 
received adequate study . 
has been published on the extremely interesting problem 

relation between geogloical formations and the composition of 
.lm.del:gnmllld water, and the modifying influence of climate. 

Investigations of Rindl (4), Hahn and others are confined to 
tlle:rmal medicinal springs of the Union, and the numerous 

I{llttica,lly important, salt .. pans" have also received a fair but 
i!luiIicient amount of study. 

first and only serious attempt towards a systematic classi
of. the underground water supplies of the Union was made 

(5) in 1908. He, however, confined his investigations entirely 
Province and only to underground water from the younger 

VF.''''''" formations occurring in that province. In addition there 
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 

waters examined-an unfortunate omission in view of the fact 
a knowledge of the pH. condition of the water is essential when 
dering the adaptability of a water for technological purposes; 

" devising methods of chemical improvement. 
As regards adaptability for technological purposes, Juritz very 

.1Wl,IlV classified the waters examined into very bad, bad, fair, good 
very good, but it is considered that he had in mind suitability 
as regards locomotive boilers, for judging by modem standards, 
of the waters classified as good, would certainly be of very 

use for boiler feed" make-up ", even after having been 
'lec'tea to expensive and complicated chemical treatment. 

• The numbers in brackets refer to the Bibliography at the end. 
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Furtheririore, DuJ:.ktandard reMrding the purity of water 
for boilerfeed "make-up" have been radically altered since 
this being due to changes in boiler design and performances. 

Through .lack,of detailed geologica,l data, in many of the 
studied, Juhtz did riot attempt a comprehensive geo-chemical .' 
fication, but nevertheless drew attention to some 
characteristics of the waters from certain younger geological form· 
of the Cape Province. . 

In I908; Tudhope (39) also published a very short note 
chemical characteristics of a few borehole waters in the Cape 
There are, unfortJInately, some very obvious errors in the 
figures given (39, p. I39) and it is difficult to judge whether 
is present or not.· , , 

Since I908, a large amount of detailed geological 
has been carried out by the Union Geological Survey and 
thus far more geological data available than in I90~, which 

. the task of attempting a geologic classification somewhat eci',Hl!" 

In I9I3, in a paper dealing with the geology of 
{vater in South Africa, Du Toit (I, pp. I8-I9) drew attention· 
fact that, from published analyses, it was clear that there is a 
and Jairly close connection betweeri the chemical composition 
underground water and the geological formation from 
derived. In thi8 paper he compiled a ta,ble showing the 
composition of water' derived from the younger geological 
found in the Cape Province, and drew certain conclusions frol11 
However, average analyses of water (the analyses of the waters 
as they stand) can be most misleading, owing to great 
concentration. The only way to average a group of water 
is first to express the constituents as percentages of total solids, 
eliminating the concentration variable, and then to 
percentage compositions. 

In I9I6 WaIlis (38) published a very short paper on 
borehole supplies (mainly in the Ventersdorp, beds) in the V 
Mafeking-Bulawayo section. However, this paper cannot be 
as a serious attempt at a survey, for apart from the very 
area covered, there are several error8 in the analyses 5h 
pp. 24-2 9). 

In I928, in another very comprehensive paper dealing 
geology of underground water supplies in. the Union of South 
Du Toit (2, p. I03) drew attention to the fact that maue(lu<\,te, 
had hitherto been made of the salinity of borehole and . 
particularly regarding their dependence upon geological and 
factors and also their adaptability for technological use. 

Since this latter date, nothing further has been published 
very important aspect of underground water supplies of th!} 
although the chemical branch of the South African . 
Harbours Administration have collected a considerable 
borehole data in connection with chemical treatment of water 
for locomotives, but this is as yet unpublished. Moreover, 
analyses have also been made by the Government Laboratm 
by private analysts, but these analyses are concerned 
the potability of waters and are very incomplete. 
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3 
Sibson (6,p. 5) drew attention to the importance and 

the point of view of power station operation-of a 
. ailed chemical survey of the natural water. supplies of the 

Gevers (3I), in a paper on thecarbon dioxide exhalations. 
. gs in Pondoland arising in the Dwyka Tillite, discussed th!O 

of the waters of Dwyka Series in Pondoland in relatio~ 
'mJ""~. waters elsewhere. However, this paper was concerned 

the problem of the carbon dioxide exhalations. . 

OBJECTS AND SCOPE OF STUDY.·. 

l:tuthor's primary object is to attempt a general chemicai 
"~I.".Jl1 of the underground water supplies of the Union of South 

reference to their utilisation for the purposes of power 
and industry generally . 

. () enormous increase in electric power production during the 
and the encouragement now being given by the Govern

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 
a " Water Supply Commission" in the near future. 

endeavour will also be made to trace the relation between 
types o~ waters and the geological formations in which 

'b"""-"O:;, and also the modifying influence of climate on the 
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 

" light on the probable origin of the rock formation in which 
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. 

author has also investigated in some detail the relation 
the calcareous tufa deposits and underground water in the 

detailed study of the salt pans is outside. the scope of the 
'tft&l:lg~It1I)n, but the author has discussed the relation between the 

in these pans and the " ground water". 
A detailed study of the thermal and medicinal springs of South 

is also outside the scope of the present investigation. Reference 
however, be made to these occurrences and it may be mentioned 
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. 
the term" mineral" spring is often a misnomer, for frequently 

concentration of dissolved salts is extremely low. 
Then there is the nutritional aspect. The investigation at 
".-ctp,,(),wt Veterinary Research Laboratory of Steyn and Reinach 
have drawn attention to the fact that the continual use over 
of highly saline or highly alkaline water as drinking water, may 

to certain chronic diseases in animals and .human beings. The 
trusts therefore that his survey of the ground waters of the 

may prove of some value.in connection with research of this 
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It is also hoped that this survey will prove of value in rnr1l1'1, 

with the researches of Dr. Ockerse and others into the ,,'. " ... ,,"" 
dental fluoro:·is and caries in the' Union. 

Another possible a venue of usefulness is in regard to 1J\},IH.t!,j' 

natural underground water supplies by mine waters or 
the general characteristic of waters arising in a certain 
horizon are known, then it should be quite easy to det:ect 
pollution has occurred. 

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

The author's investigation is principally confined to ;,ulr",' 

waters, that is spring or borehole water, for surface waters are 
to considerable variation in concentration and composition, 
is not always certain as to their source. Hence river,lake and dam 
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 
regarding assignment of waters to certain geological horizons, 
the purpose of this investigation waters have been assigned to . 
geological horizons for the reason that the rocks of those 
outcrop at or near the surface in localities where the water 
as a spring or' is tapped by means of boreholes. 

Fortunately for the purpose of this investigation the 
of boreholes in the Union are well under 200' so that there is 
little doubt as to the geological horizon in which these 
but hidden or unsuspected igneous intrusions, i.e. dykes 
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 
personally by the author during motoring tours of the Union, 
i'Uch case~ steps were generally taken to confirm that the 
were actually located in the geological horizon under study. 
therefore be reasonably certain, within the limits of present 
knowledge, that the waters tabulated in the following 
derived from a particular geological horizon. 

In Juritz's paper (5), there i~ a tendency to concentrate 
on one particular town or locality, so that a true cross section 
formation is not obtained. 

It will be observed that in his survey the author has "W'U\? 

endeavour to collect samples from as wide an area as pos~ible 
the whole of a given geological formation may be more or less 
This of course, was not always possible owing to paucity of 
in certain areas or to inacce8sibility. 

In the following pages the adaptability of the un(jer,groull!;t 
supplies of the Union will be considered under the following """Cl!!!!. 

Domestic Supply (General and Potable). 
Agriculture (Irrigation and Watering Stock). 
Industrial :-

(a) Power Production (Steam Raising and Cooling 
(b) General Industrial use. 
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n.-ANALYTICAL DATA. 

, ANALYTICAL METHODS. 

Since the primary object of this investigation is a survey of the 
nature of the underground water supplies of the Union, 

particular reference to adaptability to power production and 
generally, the analyses were naturally carried on in such a 

as to throw light upon this aspect and differ in this respect 
many of those previously published, which were generally carried 

with a view to potability, and are therefore incomplete in many 

These analytical data have been collected over a period of some 
years. Unless otherwise acknowledged, all the analyses given 

following pages were carried out by the author or under his 
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. 
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can (under certain conditions) 'be somewhat 
Unfortunately the pH. figures given in most of the 
analyses applying to this country have hitherto 
on colorimetric methods and are, therefore, not 
reliable. 

The pH. figures given in the author's an:aly'tJcr.~l 
were determined by means of a Beckmann 
meter, manufactured by the National Technical 
tories, Pasadena, U.S.A. (glass electrode). This ,'r ",1'1"1' 

was regularly checked with standard pH. buffer 
and found to be most reliable. 

(ii) Hardness Figures.-The total hardness figures wcn~ 
mined by means of the potassium palmitate mClUt 
else calculated from the results of gravimetric 
In a previous paper the author (8) has shown 
usual routine methods of determining hardness by 
of the soap solution method can be totally ml'slc:,I\ 
the case of waters of high hardness or containing 
amounts of magncsium and chlorides, while even 
method has its drawbacks. 

It is unfortunate that in many of the analyscs 
out prior to, say, 1922, not only was the total 
determined by soap solution, a method liable 
with some classes of water, but even the 
permanent hardness were thus determined. 
was to determine total hardness by soap solution; 
portion of the sample was then boiled and 
residual hardness determined by soap solution. 
supposed to give the permanent hardness. The 
hardness was obtained by difference. Thefe 
sometimes gave an approximate result but 
than not gave rise to some extraordinary hardncss 
In this connection attention is drawn to some of the, 
published in the Union Geological 
(70, pp. 478-479). These were taken from 
(39) to which reference has already been 
previous section. Several similar errors also 
found in Wallis' paper (38, pp~ 214, 219). SO))){!; 

hardness figures bear little relation to the CaO 
figures given. . 

The author has come across numerous othcr 
when examining old analytical records UC<Ulllt; 

Union. In fact he has found it necessary to 
hardness figures in all these old analyse~ and 
them instead from the gravimetric figures for 
MgO (if given). Unfortunately in many of' 
analyses no alkalinity figures were given and 
essential figures are missing, so it was not h",,,',, 
to calculate the temporary and permanent 
or to say whether Na2C03 or NaHCOa was nrp'~(ll'i 
The author (83) has dealt with this matter in a 
pUblication. . 

For the foregoing reaS0ns much of the old 
data could not bi' usl>d for this study. 
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Sodium Carbonate and Bicarbonate.-When the total 
hardness was less than the methyl orange alkalinity, the' 
difference was taken to be sodium carbonate or bicarbonate. 

In most cases it was -found that only sodium bicarbonate 
was present, though occasionally especially in Red granite 
and Beaufort series waters, the water showed a phenolph
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 nitrit@'s 
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 i~' 
due to a number of extraneous causes. These causes will 
be discussed subsequently (Page 164). 

Nitrates and nitrites were however, always determined 
.by the author, as they serve to a certain extent, as an 
indication as· to whether or not the sample has been 
polluted. As will be shown hereafter, high nitrates alone 
are not necesf'arily an indication of pollution (Page 165). 

Nitrates were determined quantitatively by the phenol
sulphuric acid method and reported as NO a• 

Nitrites were tested qualitatively by the metapheny
lenediamine method. 

(v) Silica.-Silica, that is soluble colloidal silica as distinct 
from the suspended matter which was always filtered off, 
was determined by gravimetric methods. Large amounts 
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 Si02• 

(vi) Fluorides.-AIthough 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 
uses, nevertheless, the occurrence of even small amounts 
of fluorides is a matter of great importance in view of 
endemic dental fluorosis. As is well known the presence 
of fluorides in drinking water, even in amounts as low as 
1'0 parts per million may give rise to the dental disease 
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 169-180). 

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 
(Il) and modified by Armstrong (12) was far too long and 
tedious for the routine examination of large numbers of 
water samples. • 

The method finally adopted was a slight modification of 
a microchemical colorimatric method also evolved by 
Willard and Winter (Il). This modification was worked 
out in the Electricity Supply Commission's laboratory, 
__ rl V~~rl {T~\ h~c chAmn th"t thi"rndh()O. ()n account 
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of its rapidity, is entirely suitable for the direct 
, determination of fluorides in water samples and 
close approximation to the distillation method, even 
case of highly saline waters. 

Through the courtesy of Dr. T. Ockerse, the 
fluoride tests have, several times, been checked 
Division of Chemical Services (who used distillation n 
referred to previously and no appreciable diffen)J) 
observed. 

(vii) Sulphates.-Sulphates were determined gravirnet:ricnl 
the usual manner (as BaS04). 

(viii) Potassium.-Except in the case of brines from 
pam, potassium is never present in any quantity 
Union waters, very rarely exceeding 0·5 parts K. 

Data from other analysts cited by the author, 
figures for K. but the quantity is always extremely 

The author therefore, did not determine 
quantitatively, but used a spectroscopic test as an 
of the approximate order of magnetude. 

Ox) Rock Analyses.-Rock Analyses were carried 
methods of Washington and Hildebrand. 

(x) Sodium.-There is no reliable method for the ciptplTnill' 

of sodium ill all types of water. Even the" HT"""l 

sodium acetate method broke down with certain 
water. Therefore sodium was not determined. As 
under (iii) Na2COa or NC!-HCO a was assumed to be 
when the total hardne,s wa" found to be less 
alkalinity. In those cases calcium and 
present a<; Ca(HCOa) 2 and Mg(HCO 3) 2 (i.e. 
hardness); hence chlorides, wlphates, fluorides 
present as the sodium salts. 

INTERPRETATION AND REPORTING OF ANALYTICAL DATA. 
It is, hardly necesfary to point out that in solution 

metallic and acidic radicle:> exi::t in the form of ions and ....... .r 
binations are possible. 

The author ha~, generally speaking, studiously refrained 
making any "hypothetical" combinations of ions. 

There are cases however, in which it is safe to work out 
thetical combination" for example, a water showing an 
~oda alkalinity. In this ca<e it ic legitimate, as previously 
to express all magnesium and calcium as bicarbonates, 
sulphates, chlorides, nitrates, fluorides, etc., as the sodium saltr 
small part potassium). 

With most waters, however, this practice of combining 
dangerom:. The chief difficulty, of course, lies in the fact that 
is, as already ftated, no accurate method for the' 
sodium. It is to be regretted, therefore, that so many of 
analysts have given way to the temptation and have ""AITl'm' 

express their analytical data in combined form, following a stPJ"P!" 

formula for combination. This has often led to glaring 
example, in many of the older analyses, the analyst rp""wf'u 

calcium sulphate and chloride and magnefium sulphate and 
are present, in spite of the fact that the water 
appreciable soda alkalinity and no permanent hardness at all 
p. 214. and Tudhope, 39). 
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mentioned, the author has analysed the waters 

the technological viewpoint, so that in the following 
are reported for such items as total, temporary, 

calcium and magnesium hardness, as well as methyl 
MU""',], In addition, however, the silica, fluoride, nitrite, 

')JlIlOJrlde, sulphate, etc" content is given, but data as regards 
$aline ammonia, oxygen absorption, etc., are excluded, as 

are only of interest with regard to potability and do not 
chemical characteristics of the water in any way. 
analytical tables, the author has given the ordinary analysis 

but in addition has expressed all the important consti-
jJe1'Ce1#a!,!es of the total salts, thereby eliminating the factor 

atement is often made that no two borehole waters, even 
formation, are ever alike. That this is not the case is well 

(Jut in the author's tables. In most cases the apparent 
between borehole waters located in the same formation i~ 

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 
to light and the data become intelligible, instead of being 

jl.llIlble of figures. . 
be observed that in the Tables, a few of the percentage 

11Xe placed in brackets. These bracketed figures are regarded 
abnormal and not in line with the general run of waters in 

The bracketed figures are not included in the average. 
: MgO ratio is .given in the case of each water sample, so that 

may be made with the CaO: MgO ratio in the rock 
in which the water arises. 

IlL-HYDROLOGY. 
OF THE UNDERGROUND WATER SUPPLY OF THE UNION 

OF SOUTH AFRICA. 
lt1ti)re proceeding to a detailed study of the chemical charac

of the underground water supplies of tjle principal geological 
in the Union of South Africa, it will be necessary for the 

of this study to summarise what is known of the geology of 
water of this country. 

)(ic!rgJroumd water ;s classified according to origin into meteoric 
waters and magmatic or juvenile waters. 

111f tU!11tat,ic or juvenile waters are waters· which existed in the 
molten magma and issue from great depths in the earth. 

(!bec)ne or vadose waters are waters which have infiltrated into 
UltlI.." from the surface Included in this group are " connate " 

that is sea water of ancient oceans, which have been trapped 
. gediments laid down in those seas. 

of rain water from the surface of the ground is 
\hfl,(mt .primarily upon-

(a) The rainfall: infiltration is generally regarded as being 
proportional to annual precipitation; 

(b) The amount and nature of the soil and subsoil, and porosity 
of the underlying rock mass; . 
Geological factors such as jointing, dip of strata, presence of 
faults, dykes, etc. ; 
Climatological factors; 
Geographical situation. 
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As regards (a), Du Toit (14, p. 120), is inclined to iq'.AI:llt 
magnitude of the annual precipitation as a much overrated fac 
points out that though the supply is maintained by mtL1tr'atJoll 
the annual rainfall, yields are almost independent of the uW'b" 

of the season's rainfall. For example, there is less difficulty in 
water in the semi arid Karroo than over much of the 
treble the rainfall. Du Toit ascribes this to the fact that tIll" 
clayey characteristics of the soil developed in the wetter 
tends to prevent the ingress of the surface water as freely as 
drier areas. 

With regard to (b), the soil covering in the Union is, 
speaking exceedingly scanty and rock outcrops relatively ~V""" 
This fact plays an important part regarding infiltration of 
into the ground. . 

The underlying rock masses can be divided into 
and non-water yielding. The former class can be subdivided 

(I) Porous or permeable rocks which hold water thrOljJl 
their mass; 

(2) Rocks practically impervious in mass but holding 
joints, cleavage places, fissures and other openings 
faults and "shatter belts". 

To this class crystalline rocks, such as granite, 
though granite is frequently porous in the "wean·,·· 
or decomposed zone very near the surface. 

Du Toit (15, p. 169) has shown that the rock strata of the 
taken as a whole, unfortunately possesses a very low degree of 
and that this is especially true of the rocks of the Karroo 
which cover quite half of the Union of South Africa. 

For example, Du Toit gives the average porosity of the 
tillite as not exceeding 2 per cent. The Beaufort series a 
about 4 per cent., while the Stormberg series averages about 
cent. The Ecca series, including the coal measures, averages 
12 per cent. but shows a fairly wide variation. 

Quite apart from the porosity there is the fact that, as 
out by Du Toit, over a very large area the Karroo strata are 
nearly horizontal, which means that the bedding planes are not· 
inclined to receive the rainfall. Now, infiltration of rain 
inclined strata largely proceeds by way of bedding planes, 
in horizontal strata the infiltration, unless the rock is of a 
nature, proceeds by less well developed vertical joints in 
mass. 

Sands tones 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 fnrrmt 

in the Union, gave the low average figure of 12'4 porosity. 
70 per cent. of these samples gave a figure of under 15 per 

Enormous areas in the Union are covered by the ancient fT'.""" 
granitic and gneissoid rocks which, except for limited poroUil ,< 

due to surface weathering, may be regarded as non-porous. 
. Permeable strata are apparently confined to the partly conso.'·. 

sandstones and the marls of the Cretaceous system which 
to be very poorly represented in the Union, being limited to tho 
of the Cape Province and to the Zululand coast. Owing to 
of permeable strata in the Union, the rainfall infiltrates 
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, 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 

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

I\"'''rt from the question of the dip of strata, faulting and folding 
and the presence or absence of well defined joints and 

it is a well established fact that intrusions of igneous rock 
a large part in affecting the circulation of underground 

in the intruded rocks. Springs often occur in the vicinity of 
For example, the dolerite instrusion" in the Karroo sediments, 

• diabase silb in the Pretoria series and the dykes and 
veins in the Dolomite series and in the Old grey granIte. 

jJl'l~SSj',tl'e Water.-On account of the above facts, there are conse
no large "artesian" basins in the Union such as occur in 

ia. Merensky (17) has described a local artesian basin in the 
gneiss at Koperberg, Namaqualand. A much larger artesian 

occurs in the Uitenhage district, Cape Province, and has been 
Jrij)cd by Frommurze (3, pp. 16-18) and also by Du Toit (18). 
Very small localised artesian areas have been reported in the 

ite series of th~ Springs district, Transvaal. 
from small artesian basins, a few flowing borehoies, due 

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 ft., and has 

the phenomena to extra-terrestial causes. 
Du Toit (2, pp. 91-93) states that, generally speaking, ground 

is struck at comparatively shallow depths, that is, well under 
ft. and that it is seldom worth going below 400 ft. though 

holes over 1,000 ft. have been drilled with good yields 
at Pretoria, in Pretoria Series) . 

. -THE RELATION BETWEEN THE UNDERGROUND 

WATERS AND SURFACE LIMESTONES. 

A geological phenomenon which is of interest in connection with 
chemical nature of underground water is the formation,' in the 

arid regions of the Union of South Africa, of secondary limestone 
nnc"tQ variously known as " Calcareous tufa ", " Surface Limestone" 

" Calcrete ". 
It is necessary to distinguish between these true secondalY 

est one deposits and lime-encased pebbles and boulders of dolerite 
are often found on the. weathered outcrops of the Karroo 

or Ventersdorp lavas, and which are the result of 
" 

The true secondary limestone deposits or calcareous tufa occur 
'nc,!l",lpQ or as continuous sheets on, or a few feet below, the surface 
the soiL . 
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These sheets may vary from one or two feet to well over a 
feet, though usually they· are never of any appreciable 
The calcareous tUfadeposits have been described by R. B. 
(44) and others. 

The tufa is apt to develop upon those formations 
limestone, dolomite, or calcium silicates, providing of course, 
the climate is sufficiently arid, for example, the regions uWJ.V' 

the Dolomite series, the Ventersdorp lavas, the Dwyka 
Ecca shales, the Lower Beaufort shales, and the Amygdaloidal 
of the Springbok Flats. The tufa is found more 
flattish ground. 

The calcareous tufa varies considerably in chemical cOJmp(j~1 
as shown by Wybergh (20) and others, but essentially it COIIS1M 

.calcium carbonate with an exceedingly small amount of uW'o""iJ 

carbonate, the variations in chemical composition being 
presence or absence of material derived from the soil. SOlme1tlln~)l 
tufa is almost pure calcium carbonate, but more commonly it 
high silica content, and less commonly, appreciable iron 
alumina. 

Du Toit (14, p. 407) states that in the formation of tufa 
of the clayey matter in the soil appears to be pushed aside 
accumulating carbonate of lime leaving the large sand 
pebbles to be enveloped. That this is generally the case would 
to be proved by the high silica and low AIPa.Fe20a content 
calcareous tufa. However, as will be shown later, this is not 
the . case and occasionally the tufa contains a large 
AI20 a.Fe20 a as well as Si02 which is indicative of admixturtl 
the clayey material in the soil. 

The explanation usually given to account for these 
surface limestones is that they originated through the p,,,,n(w!11 

calcareous underground water at the surface of the ground, the 
water having been drawn to the surface by capillary 
(Du Toit 14, p. 407; Wybergh 20, p. 14). 

Du Toit draws attention to the partial elimination of 11"'I,U¥ 

compounds compared as with the parent rock. Wybergh 
a large number of analyses of calcareous tufa from different 
the Union, but no reference appears in the local literature 
the nature of the ground waters from which these Cle1)Oslt 
primarily derived. 

In view of the complete absence of the sulphates and 
of sodium, calcium and magnesium and sodium carbonate, as 
the very appreciable reduction of magnesium carbonate in 
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 

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 
deposito, the author carried out the following investigation 

Analyses were made of certain calcareous tufa 
and compared with the analyses of underground Wd.lUl 

immediate vicinity of those deposits. Table A gives 
of these comparative analyses. 
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,\loO,Fc,O, .. s· 3 0·6 0'(' ,,' ,., 0-, 9'10 ,-6 
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Cao .. 
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The analysis of the water is expressed as a percentage of 

the total solids. In each case the CaO : MgO ratio of the tufa 
ltnd waters is given. 

Il11tVte I.-Victoria West, C.P. (Calcareous deposits on rocks of 
Beaufort series). 

11 comparison be made of the deposit and the water from which 
IWI,tHy it was derived, it is found that there has been a total 
',!\1'1I)n of chlorides and sulphates, and about 50 percent. elimi-

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 
su!;ge:stE:d by Du Toit, for the A120a.Fe20a and Si02 content 

i, ). 

Moreover the tufa is much harder than the usual type. 
2.-Bloemhof, Transvaal (on lavas of the Ventersdorp 

" composite sample of the calcareous deposit was taken on the 
of the town, as well as a sample of borehole water fr.om the 

te vacinity of the deposit. 
water was of the temporary hard (carbonate) type. The 

Was fairly soft, and the analysis showed it to be very pure, though 
has been a slight admixture with sandy material, as shown by 

content. In contrast to the previous case, there has been 
or no admixture with clayey material from the soil, a fact 
ted by the low A120.Fe20 a content. 

comparative analyses show that there has been a complete 
!lIllnnlUll of chlorides and sulphates (sulphates were however, low 

water). There has been 70 per cent. elimination of 

3.-Near Britten, Transvaal (on rocks of the Dwyka 

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

analysis of tufa shows it to be fairly pure, though the high 
content indicates contamination with grains of sand. The 

AlPs, Fepa points to the exclusion of clayey material in the 
suggested by Du Toit. 

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

, tion of magnesium. ' 
Sample 4--Christiana Townlands, Transvaal (Dwyka series ?). 
'fhe deposit was taken from the townlands north of the town. 
water in the vicinity was a fairly saline type. Almost complete 

tion of chlorides, sulphates and magnesium is shown. 
Sample S.-Beaufort West, c.P. (On rocks of Lower Beaufort 

analysis of the deposit from the Beaufort West townlands 
j~J('ttes a certain amount of admixture with both the sandy and 

matter in the soil. 
ground water was a temporary hard, high sulphate water, 

a little sodium bicarbonate. (The analysis of the water 
one, made by ]uritz, of a .Beaufort West water, not 

in the immediate vicinity of the deposit). 
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There has been a complete elimination of sulphate, chlori(l(} 
. sodium carbonate, while a considerable reduction in magnesilHrI 
taken place. 

Sample6.-Hofmeyr, c.P. (On rocks of the Upper 
series). 

The ground water is of a highly saline type 
water) . 

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

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

The ground water in the immediate vicinity of the 
shown to be a very hard water but with an appreciable 
bicarbonate content. The CaO: MgO ratio is I : I '4. The 
of the limestone (quoted by Wybergh) shows it to consist 
entirely of calcium carbonate, the MgCOa and Na2COa having 
almost completely eliminated. 

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

The analysis of the deposit indicates that it is very pure 
As a matter of fact it is not a true iufa inasmuch as the 
not taken from the surface of the ground, but from the nr.·nr.u, 

.sides of a very long open trough, used for conveying water 
hillside spring down a very long slope to a farm house, so 
been no admixture with sand. This deposit had been ('('1111111 

10r years . 
. The analyses of the deposit and the spring water were 

among the others in Table I, as the formation of the deposit 
to throw light on the formation of the true surface 'limestones, 
abound on the surface of the ground in the vicinity of the 

The spring water is extremely hard and 82 per cent. of 
dissolved salts consists of the bicarbonates of calcium and ma.gfl! 
(or 63 parts CaCOs per IO o). The CaO : MgO ratio is I : I' . 

the complete analysis of this water see Sample IIO, 

Section XI). 
The analysis of the deposit shows an almost complete .... ' ''un 

of magnesium, the deposit consisting of 95 per cent. CaCOs 
3.8 per cent. MgCOa, 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 composition except 
small admixture with sandy material. 

The flow of water down the trough is too rapid for any 
(;oncentration to take place, yet there is an almost continuous 
of CaCOa. 

In this spring water the concentration of the 
calcium and magnesium is extremely high, namely, 63 
CaCOa per IQo.) The pH. of the water was 7'9, whilst 
·C02" was only 0'02 parts per IQ5. 
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(he work of Tillmans and Heublein (41) has shown that 

of CO2 required to hold Ca(HCOS)2 and Mg(HCO S)2 in 
and above the amount of CO2 to convert insoluble 

!u~:'-''-' •. in the solubJe bicarbonates increases rapidly at 
1",''''H.1Q,'Nl1 of the two bicarbonates (any excess of CO2 over 

/Nn'mc'(j "free COt or " agressive CO2''). It follows that in a 
that of this spring, which is heavily charged with the 
, the slightest loss of CO2 would immediately result in 
down of equilibrium and deposition. of the normal car

Ca(HCOS)2 is even less stable than. Mg(HCOS)2; moreover 
much less soluble than MgCOs, so that the resulting deposit 
consist of nearly pure CaC03• 

gtability of the bicarbonates can be destroyed by evaporation, 
tI"rnploratUl:e or mechanical agitation. 

this particular case evaporation and concentration, as shown, 
very small part, so that the heat of the sun is sufficient to 
the equilibrium and break down the bicarbonates with the 

deposition of CaC03, mixed with a very small amount of 
the other compounds present in the spring water remaining 

III ready stated the calcareous tufa lying on the surface of the 
.. in the vicinity of the spring is also almost pure CaCOs' 

data shown in Table A indicate that whatever the nature of 
water, the rufa consists almost entirely of CaC03 with or 

.I: admixture with a little sand or clay. It would appear therefore 
of CO2, through rise in remperature, rather than evaporation 

ground water is the cause of the formation of the calcareous 
in the Union. Had the formation of the tufa been the 

. evaporation of ground water at the surface, one would expect 
a little calcium sulphate, etc., in the tufa, while magnesium 

be considerably higher than it is in these limestones. 

might be argued that the more soluble salts had been leached 
a considerable period of time. This might be true of the 

uo]uble compounds like sodium and magnesium chlorides, sodium 
.. ate and sodium sulphate, but one would not expect all the 

. sulphate to be leached out and certainly not practically all 
fllagne;,r'um carbonate. 

'rhe formation of these surface limestones is therefore in no way 
. t from the formation of stalactitic and stalagmitic limestones 

in the Dolomite or to the formation of travertine spring 
in Pondoland and elsewhere; that is, it is due to loss of CO2, 

Another close analogy is the formation of nearly pure CaCO. 
I.) in the cooling systems of turbo-alternator plant or in the cooling 

ackets of oil engines. This problem is discusseq in Section XXV. 
be shown that, whatever the nature of the raw (untreated) water 

cooling, the resultant scale always consists almost entirely of 
il' MgCOs is negligible in amount, whilst all other compounds 

. nhsent. This is in direct contrast to boiler scales, the composition 
depends on the raw water used and degree of concentration. 

;;l'I'''111 boilers two factors are involved, namely, thermal decom
of the bicarbonates and excessive concentration of all dissolved 
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solids. In cooling waters, on the other hand, though the TPrnntH'l;!! 

rises, it is always well below boiling point, while 
dissolved solids is always very 8mall compared with that of 
waters. Hence the chief factor involved is loss of some CO2 

the slight rise in temperature of the cooling water. 

CONCLUSIONS. 
In this section the relation between underground 

surface limestone deposits has been discussed. It has been ShOWll 
whatever the nature of the ground water, the tufa consists 
of calcium carbonate, with a very small amount of m2~gnesil 
bonate, there being generally some admixture with 
and, less commonly, with clayey material from the soil. 

It is here suggested that the formation of these surface lim ',. 
is not due so much to the evaporation, concentration and vV''''", 
deposition of salts from the ground water but to loss of somll 
resulting in the breakdown firstly of the bicarbonate of 
subsequently that of magne<;ium. An analogy is drawn 
formation of calcium 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 of 
great importance, for enormous areas of the Union are occupJ, 
the ancient granitic and gneissoid complex. Du Toit 
states that fully one-tenth of the boreholes, sunk by 
since Union, penetrate the ancient granites and gneisses. 
this formation comes a close second in area to the Beaufort 
the Karroo system. 

Since, however, the regions occupied by the "Old" 
complex are mainly agricultural, there are but few towns of 'rr>'~f\i'" 
located on the formation compared with, for example, the 
or the Ecca formations of the Karroo system. 

DISTRIBUTION AND RAINFALL. 

The principal areas are practically the whole of the 
Transvaal, the Eastern Transvaal, Eastern and Coastal Natal 
North Western Cape Province, including Namaqualand. 
the Old granite are found in the South Western Transvaal and 
No.rth Western Rustenburg District; and there is also the very 
granitic boss between Johannesburg and Pretoria, as well 
Vredefort boss on the Transvaal and Orange Free State h"",d,,, 

Average Rainfall- Per Annum, 
Zoutpansberg District............... 10" to 15" 
Pietersburg District......... . . . . . . . . 15" to 25" 
Letaba District.. . . . . . . . . . . . . . . . . .. 15" to 30" 
North-Western Transvaal.. . . . . . . . .. 15" to 20" 
Pilgril11s Rest District (Kruger Park) 15" to 20" 
Nelspruit/Barberton Districts........ 25/1 to 35" 
Swaziland. . . . . . . . . . . . . . . . . . . . . . . .. 30/1 to 45/1 
Zululand and Natal Coast........ .. 35" to 40" 
South-Western Transvaal. . . . . . . . . . . 25/1 to 30" 
Rustenburg. . . . . . . . . . . . . . . . . . . . . . .. 22" 
Rand/Pretoria. . . . . . . . . . . . . . . . . . . .. 25" to 30" 
NamaquaIand and North-Western Cape 5" to 10" 
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UNDERGROUND WATER SUPPLY. 

Y"-,,r111Ifl be expected in the case of such a hard compact plutonic 
quantity of water obtained by drilling varies a good deal, 

~melnuem; upon the depth of weathering and the presence or 
crevices and joints. Du Toit (2, p. 104) draws attention 

""""';c;'r ,N fact that these hard rocks commonly yield excellent 
U ""l"" sometimes at great depths. 

to Frommurze (3, p. 43) in the van Rhynsdorp. 
amaqualand and Bushmanland districts of the N.W, 

wlnc,". the average yields are under I2,500 gallons per diem 
of about IOO ft. and with a 45 per cent. of failures. 

he Mafeking, Vryburg and Northern Rustenburg districts, 
vary from 16,000 to 18,000 gallons per diem at similar 

bllt with a much lower percentage of failures. 
small inliers of granite in the Western Transvaal and the 

:\*'h'IlU boss give yields of from 18,000 to 25,000 gallons per 
:' [werage depths of under 60' and with a fairly low percentage 

lhe Northern Transvaal districts the yields, according to the 
Mlthority are very much less, varying from ro,ooo to 20,000 

fit depths of about 100' and with a slightly higher per cent. 

, yields in the Swaziland, Barberton and Northern Natal are 
as would be expected from the higher annual rainfall varying 

to 42,000 gallons per diem. 
GEOLOGY AND LITHOLOGY. 

this and the succeeding sections it is proposed to give a very 
of the geology and lithology of each formation under' 

only as far as it has a bearing on the chemical characteristics 
underground water. 
. granitic rocks range through coarse granite porphyry, medium 
granites, 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
in Namaqualand and in the Northern Transvaal. 

essential minerals are quartz, orthoc1ase felspar, micro line 
plagioclase (albite to andesine) feldspar, with a ferromagnesium 
which is generally biotite (rarely muscovite mica) or sometimes 

il;Jlcinde. In many places plagioclase felspar and hornblende 
so abundant that the rock approximates to diorite. 
" Old Granite", as a whole, is a soda rather than a potash 

as the following typical analyses show. 
I..uw;e particular analyses were selected on account of the fact 

samples had been collected by the author from the vicinity. 
, is to be regretted that none of the published analyses of the 

f!,l'Iu1ite give the fluorine content. 
1"1'0111 the point of view of this investigation the chief facts brought 
by these analyses are as follows ;-

(r) The consistency in chemical composition of the granite 
proper, in spite of mineralogical differences. 

(2) The fairly high alkali content of the granitic rocks and the 
fact that Nap generally exceeds or is at least equal in 
amount to K 20. 

(3) The preponderance of CaO over MgO (average ratio about 
r:o·4)· • 
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ANALYSES OF OLD GRANITES. 

I. 2. 3· 4· 5· 

% % % % % 
SiO, ..................... 72 '06 73'92 7"'00 70 '01 72 '99 
AI,O, .................... "4'78 "4'07 15'50 "4'20 14'47 
Fe,O, ................... 0'52 0'52 1'50 0'42 0- 1 5 
FeO ..................... 1'46 0·89 1'50 3'24 I' 31 
MgO .................... 0'72 0'38 .0'70 0'55 0'34 
CaO ..................... 1'40 1'22 1·60 2'06 1'2,5 
Nap .................. : . 5'00 3. 83 3. 80 3'14 3'37 
K,O .............. : ...... 2'42 4'35 3'30 4'45 5'22 
H 2O + .................. 0'7" 0'44 0·63 0'63 
H,O - . . . . . . . . . . . . . . . . . . 0'02 o·or 0'02 0'02 
CO •..................... 0'43 Nil o· 15 0'53 
TiO, ..................... 0'28 O'2! 0'35 0'48 0'30 
ZrO, ..................... Nil Nil Nil 
P,O, .................... 0'10 0'09 0'20 o'zo O'l() 
S ....................... o·or o·or 0'02 
MnO .................... 0'04 0'04 Nil 0'06 0'02 

BaO ..................... 0'04 0'02 0'10 

Loss at 110°C ............ 0'40 
Loss on ignition .......... 0·60 

TOTAL ............. 99'99 roo·oo 100·65 99'74 

Ratio CaO : ........ . I : Q • I : 0'26 

(I) Old granite at Pietersbnrg......... ... .. .. .. ...... Analysis T. 
(2) Old granite at Halfway House, Pretoria District.... Analysis T. 
(3) Old granite near Vaal River Bridge, Parys ......... Analysis II. 
(4) Old granite West of Hillcrest, Camperdown, Natal.. Analysis R 
(5) Old granite near Port Shepstone, NataL.......... Analysis A. 
(6) Old granite 2 miles South of Pietersburg.... . . . . .. Analysis T. 

QUALITY OF THE WATER. 

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

(i) Southern, Eastern and Northern .Transvaal, Tabl(jl~ 
I (a). 

(ii) Eastern Natal and Natal Coast, Table 2. 

(iii) North Western Cape, Table 3. 
(i) Southern, Eastern and Northern Transvaal. 

In Table I are tabulated analyses of 20 samples of Old 
waters from the Southern and Eastern Transvaal and the 
Orange Free State, the majority of which were analysed by tll!) 

In Table I (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 cOlmpar8Lti\!'(1: 
waters, for the a.verage 'concentration of salts is only about 
per 105 . For this reason the granitic waters from this region 
fall into the author's" Pure Water Group EH .. 

For a discussion on the utilisation of the pure 
the requisite chemical treatment (Section XXV). It may be 
however, that these waters are suitable for all domestic 
(except of course when polluted), for irrigatioJ,1 and for 
stock, and, after very little chemical' treatment, for nearly all 
logical purposes. 
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"'ltnt~ (as NO,) _______ I __ =-_ 1 __ ,_, _'_I __ "_'_'I~_I_-'-'-_~--"-4-1--,-'-I~_--"-S-I~-L~- __ "_'_',_"_::J_~'::'I~_I_~~~_'_I~_ I_l.:':=~ : __ ~O_~I __ -=-__ 
(h1<~"lC~ I:" (~ ___ \~~J_~_' _____ l ~1 __ 3 _"_I, _'_'_1 __ "",7_'1 __ "_' ___ 0_,_1 __ '_3 __ ~ ,,:,,_' __ 0_,,_1 __ ", __ '_'_'_I __ '_"_"_' __ "_" __ I~I_~ q~'~I_~_I __ -__ 
SulphIte'> hs SO,) ___ ~~~ __ J_.2:~:~I~I~I'-'::::: ___ '_5 _ Trace ~~~_I'-'-:~ _1 __ '_' _1 __ 1 .: __ 1 __ =-__ I~I_.:: ~"_:~I~: __ o_~~; __ ~-':~I __ ~_ 1 ___ ._ 
POtas~nl,n Sa\t~ (1" K) , I Undel I t"'<lCT Undcr I \ : Under 1 I Under I Um.l< r Under I 1 ,i 'I 

I -- I 0 5 I " 5 " 5 - Tr;"tcc 0 5 - Trace, 0 5 1 0 s 0 5 , - , - [1 r3~C I - I -- 1 - I [r:w<' 1-
0'LV:~-'~~~~~~1 ~ 0 I 7 7 7 ~ 70 I 7 r 7 I I 70 I 69 I 7 7 1 6 9 1~~01~-7~'-I~-_--'--7~S~~-'-> ;;-~~'-'~I~--~-I~~'~I--7-'~I~~r"'=~~ 

: ' 1 : - I I . 1 ~I~i---~I~'~I-I---~~I~-~-'-~~-l-~ 
l'<:rCC!1lagc on 101 \1 '-'ollds i I I! I I 1 '11 , I : I : ' 

~:~:: ----:\ 13-S I ::: --1 2:: : 2:: -I--·:-:-!-'Z~- i-3~-;-r~~:: I~~-I-~'I-:: :--1--'-;-;-,--:-;-:-,- '~-5-i-:~-:-i~~-:-,---::'--i-~~-~~ -i ::: -:-- ~ 5 -~!~: ~ --
MgO. ------~~- :-(o;)I--'5--;;-i--'-0-'-I~-: -,-,-,- S 8-1 9 8--1 7 6 1-- l2 1 1 120 I 12" I ___ '::':~I 4 I i 12 5 J_ 4 20 :~:: : 1r~:=I~~..:'=I- ~1 ;) 1=--;(; 
Cl.. I II 0 1--'7-0-!--C-'-7-1-;-'-3-:(~~)T~-;-S!--;-,-\ 30 1 5" I _6_'_1 7 (, 1 __ 3_1 J __ ~I_ ~~J __ ~!~~~I __ "_7 __ I __ u_;_I_~~~ J~~_6_1 __ S_~ 
SO •........ , ............... 'I Trace 1rl(:< I Jrace 1 Trace 1 [laCe 1(166) 1 Trace Ilracc i lO 1 Tracc 1-----;;'-1 (168\ I -- I Nil I 10 I 86 i 30 I 4 1 i 01 I 0941 16 

~"da Alk~1il1ily(a,: .NaoCO,).~,--,-.,-.,,-: () 9 -r~~--I~:~I- 8 0 1_ 075 -:- 5 0 __ ~-=-J- o~:;- 1 2 1 202 -1- ~7 ~ :t\ll J-~ 6 : NIl ! (52 ~_~.~~~-~ -I 8 4 -I R-, 

TOlal~:c,[\CO,)····l---:;G.-;::---T 27. 6 1 5~'O 1 3~.·5 ! 37'~=1 44"0 !~~_I .~5:.0_!~I~._,,_i~!~!~!_~~~_"_I~I~L_~~ __ i_. 4~:0 --!~~_0_1_~:~~ 
P{:tm. Hardncs,: (as CaCO,) .. i "t\il i Nil ) "t\il i 3'S .! 3"3 L.-.:il I Nil NIl j l:>hl " NIl .1 NIl ~L ___ ~.~.i~~! ___ ~L __ ::.~_~)._~.!~ __ ,.,_~_'~._,! __ ,,_ 

:.':'~~~~~ss (~S CaCO;) .. l~I_:~~C-:)-;;-:o ! 28'5 I 33'5 1-.-::~:~!~I_::.~~_J~I~I~:..~_I~_!_~!~!~L~::~~_L~i~. __ .i~~o __ !_::~ .. 
R(It,Q CaO : MgO ............ 1 J : 0·6 I (I: 0'06) I I : 2'0 I I : 3'0 ! J:: 3'0 I I : 2'0 I I: 1'5 ! I: 0'9 I J : 2'0 1 1 : 1'0\ 1 I : 0'7 I I; 1·6 I 1 : 0'5 ! 1 : 0'4 ! ' : "5 i >:: 1'3 I - i -- ,1: 1'2! _... ! I 

~~~- .. ~-::..~.~.:~~~--:::::: .~'--' ~~-,~=~.--. ~.~'--.-~ .... ~. -.-~~ .. ~ .. -.~.~--... ~,. ,~---. ~-.... ~ .. --.-':--....::......... .. -.:.:.~ .. ""'""-. _. ----.----~><.--~ 
" POIl11:cd. 



22 DESCRIPTION OF SA1>iPLES IN TABLE No. x. 

Sample I I Borcholc 
No. District <'loci Province. Depth. Locality. Description and Hcmarks. Date. 

,h 
i I Fect. i i Boksbm-g. Transvaal.. Borcholc in Birch1cigh, Main Line P.ctoriajJoh;mnesbllrg. I t4! 4133 

I Pretoria. Transvaal.. I,~ BI~~~~~. ~.~~I~~ .~~~~~ .~f. ~~~l~~ .~~ .1:~C.t:~;~~~~~l~~~~~~~~~~ .~1~~~ I 25/ro/39_ 

179 i Pretoria, Transvaal.. I '" I Borcho!n On Zcvcnfontcill40, 20 miles South-West of Pretoria. '71 6/10 

'" 
----'-

r2<) I Johannesburg, Transvaal. I - I Borcholc on farm Zandfolltc,n I 10 nulcs ;;';orth of Johanncsbmg I IojU/39 

~_l. Johannesburg, Transvaal. ~I_~~~ Iombardy Last ]ohannc<;burg I s; 714~ 
55 I Johannc~hurg. Transv.~al.. I 116 ,I3orcholc In lIIovo. Johanncsbur,.: i'orllt..... i 19/9 1 39 

~1.!ohannCSb"rg, Transvaal, .~ 50 I 80rcho1<:, in Cr>.igl\all. JohanJlc_,bnrg i\o'~h. i, 'l9/Il!1X 

,54<) '1

1 
Johanncsburg, Tr.tnsvaal.. I! Borciwle, Stand 418, L;ndcn Exlcnsi(ln, Joh;lunesburg Norlh : 

. I (Anal. Cydna Lab.), ... , ................................. ' 

180 !, li:r~gcrsdorp. Tran8,,";lal. I 11 now'm', 0' N""g,do,h' 99, " m'b 'mU, E.,' of Kmg'''''mp I hi oho 

101 N"clspruit, Eastern Transvaal.. Spr!ng on. road frol11 Kaapschc Hoop, r, milos South_We,t of 'I July, 
i ' N<:1spnllt. ... , . . 1941 

----;s:!VCn-tOtsdorp, TransvaaL 'I Shallow well at KlippJaatdrift 6,. 1 June 
! Ig.}t 

". 
143 Barberlon. Eastern 'lran~vaal" 

:l0I 11IIafcking, Western Transvaal. ' 

,587 '1 Potehcfstroom, Transvaal. , 

557 I i\c1spruit, Eastc;n Tr"nsva"L 

405 _f-':Kc1SPruit, Eastern Trans,·aal. 

568 ! ",clspnlit, J::astern Transvaal. 

-·;;:;;--i--!:larberton. Eastern TransvaaL.. 

533 I Swa7.ilaud ... 

So 

w, 

'So 

Boreholc in Pict RetieL. 6/ 2/10 

Spring at Barberton.. i 22/n/39 

Bowhole, 50 lllilos SOllth-South-Wcst of lIh[cking:. (Anal. Govt. i 
I~"l.b.). i l:907 

i Boreholc on farm J(opic.~kraal 89. 4 mill'S \Vest of Parys ......... 1 20/10/12 

I EOTChole ou farm Blinkpoorllti6, 3 miles NOI·th of White Rivcr. i' +/ 8/42 

Spring at Sab,e Bun!plows, "North·East 01 Whit" Rivcr. I 8/7/11 

Borcholc, portion of farm )'Ianchc.~tcr, Karino. (Ana!. Govt. 1 ._-

Lab., JOhannesburg), .... .. 20/10/37 

i Borcholo Park Gate Estates, ]I.1alelanc. (Anal. MCLachlan &.-1-----I L"zar).. .. 19·j2 

'1 Spring Enwlwcni ,tcar !\Ib,,]):mc. (AM!. .lames Gl"ay). I I<)32 
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only towns or villages of any importance in these regions 

Nelspruit, Mbabane, White River and Parys. 
J)ercentage composition these waters do not differ greatly 
. strongly alkaline granitic waters of the Northern Transvaal, 

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 
amount of sodium bicarbonate. It is therefore not . 

to find that the Si02 content of the waters expressed as a 
of the total salts, is very high, with an average of 20' 5 

SiOz' 
(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 ", 

Cif",""" in his" Data of Geochemistry" (43, pp. 195-197) states 
issuing from felspathic rocks are likely to contain silica 

chief inorganic constituent though the absolute amount is 
fl be small. 

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

KzO.AI20 a·6Si02 + zH20 + CO2 = 
(Orthoclase felspar) 

K2COa + 4Si02 + A120 a·2Si02·zH20. 
(Kaolin) 

the albite type of plagioclase felspar (Na20. A120 3 • 6Si0 2) , 

or NaHC0 3 is formed, while from the anorthite type of plagio
(CaO.:A120 3 .zSi02), Ca(HCOa)z is formed. From the 

minerals (mica, hornblende, etc.), Mg(HC03)z is 
addition, but it must be remembered that the ferro
content of the Old granite is small, as indicated by the low 

I)Ontent of the rocks. 
chief products removed in solution from the Old granite 

therefore be Na2C03 and K2C03 (or NaHCOa and KHCOs), 
NaSi03 Ca(HC0 3)2 with a much smaller amount of Mg(HC03)2' 

is an excess of alkali, silica is no doubt present as Na2SiO s, 
point is discussed (Page 168). 

In view of the preponderance of CaO over MgO shown in typical 
of the Old granite, it is very surprising to note that, the 

of CaO to MgO for the granitic waters in this region averages 
Possibly this is due to the fact that the ferromagnesium 

"mu,. though in less proportion are more prone to decomposition 
the calcium bearing silicates. It will be shown subsequently 
the waters in the Bushveld granite formation, like the Bushveld 

rock itself, show a great preponderance of CaO over MgO, 
the same applies to the Old granite waters in the North-Western 

Chlorides are never present in any quantity. The average, 
~ftlijse:d as a percentage of Cl. on total salts, is only 8· 2 per cent. 

Ulp'nales are rarely present in any quantity. (Average 1'7 per 
4 in terms of total salts.) 
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Soda alkalinity is generally present in fair amount. 
as a percentage the soda content is 8· 5 per cent. expreffed as 
which is not nearly a~ high as the alkaline soda waters in the l\T",.,","" 

Transvaal. ' 
The pH. varies somewhat but is generally fairly low, as ""nln 

to be the case with most granitic waters. The soda alkali 
therefore nearly always due to sodium bicabonate and not 
carbonate. 

The total hardness is only moderately high. Expressed in 
of wtal salts the scale-forming salts average about 38 per cent;; 
CaCOa). Permanent hardness salts are rarely present since 
generally an appreciable soda alkalinity, so that the hardness is 
always due to the bicarbonates of calcium and magnesium. 

Fluorides are seldom present and then only in traces. The 
exception is the spring water at Sabie Bungalows, Eastern 
which shows the extremely high fluoride content of 9' 0 parhi 
million. (The author's figure was checked by the Division of 
Services.) 

Turning now to the waters in the Northern, North-Western 
North-Eastern Transvaal, the analyses of which are shown in 
I (A), we find two distinct types of waters in the Old Granite Cornrll.! 

There is the highly saline type found in Northern 
(in the Beit Bridge, Messina, Mopani districts) and also in 
area of the Kruger National Park. ' 

Then there are the soda-rich alkaline waters found in the 
of the Northern Transvaal (particularly in the Pietersburg d " 
and extending into Southern Rhodesia. Incidentally it In 
mentioned that the majority of the granitic waters in the 
country appear to be of the alkaline soda carbonate type 
Buchan 59, Maufe 60). 

We will take the latter type first. In Table I (A) are 
the analyses of I4 waters of this type from the Pietersburg, 
Trichardt, Pilgrims Rest and Letaba districts. The only "'''Hl.'im 
any importance are Louis Trichardt, Pietersburg and Tzaneell, 
aforementioned they differ very little, except in concentration 
percentage of soda alkalinity, from the granitic waters of the 
and South~Eastern Transvaal. The average concentration of 
high, about 7' 2 parts per lO S• 

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 P(W 

~hlorides average 12·8 per cent. Cl, which is higher than 
prevIOUS group. 

Fluorides are more commonly present but not in 
amount. One sample (No. 412) however, shows as 
parts F. per million. 

Sulphates are low, the average being only I' 5 per cent. ' 
The technological utilisation of these waters will be ' 

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 absolutel 
of Na2COa is generally not high enough,to prevent these W,IHH'iL 

being used for irrigation purposes. 

S"mple Numh 

Parts 

Methyl Orang< 

Total Hardne; 

l'crmanent H, 
,~'~--.--

Temporary H 
<',.------
Hardness due 
.',----
llardncss due 

Soda Alkalini 

Pa 

'rotal Solids 

Silica (as SiC 

Fluorides (as 

Nitrites ..... . 

Nitrates (as: 

Chlorides (as 

Bulphates (as 

pOi;assiulll S;; 

Alkalir: 



TABLE, (.'J).-OLD GRANITE WATERS 11\ THE NORTHElli"" TRANSVAAL. 

SOil" CI\RBO:<;I\Tl~ \VI\TER5. \VI\Tl 

.~Sli .s.s~' .p" 6& 33'~ 403 '" 4'2 560 392 222 ,06 590 

HI' \\'"tcr: . -.-,.-.-.-.. ~ .. -~,-... -.,-.--.---.-,--~-,--.~-'~~~-'~ "··:-----i~~-~- ----1--------:--- :-------:------:--~~-~~~~-'. 

4," -" 33 SS' ~ 2\)'(> '3' .5 5" , "7 7- 0 

".'i'" 
;\";; 

l'crccntag" on T<)[al So\id~ 

• Deposits iron oxide on standing_ t ll"nl"c,s r<,_(:~i(-,,!a(C(l. 
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., .. =,~===-~---. --1"'-="·· SOD., c,,~1)O;.:,nl' \V,\TEllS. 

~~~~~~~~~~'~~~~~""~~~~, 

HIGIlLY S.\LIl';/; Cm_0~ID1( SULPlE.\U: \V"n·:ns. 

0' of \\'al<;r. , : i 

.) . i {,n<icr {mder i l;n<l~r i i {;n<ln ! Under i :.; i T.'1Hlc~ I ~ i i Small i : ! ! ! 

;:3 ;:;!~ ;:,J, ;: ,i::i~'-~;: '.77 ~i~.~:: _(-~: .1=1' ~': j_~~1=tt1'-;:q--~:J~ ;_j==~Z~:=_; i=~==i==; __ i=:io~2t-~t:I=~~_!==== 
n T<}lai Solid~: I I 

:us CuCO,). ! Nil '(+oo) Nil· 1\il i~~1 1\il i 1\il i :Kil i Nil I Nil . Nil I 1\il i (S·,) : Nil i i\il I 23. 0 . ·15"0 i 7.6 i n·s ! (Nil) ; ~().o.1 ,·0 !. Jl··z i IS·::; 

~~~.t D:. ~: us M:.i ":,1 -:.:~:~I~~I~i~~~l~~~~E~~!~E~G~:~~ 
~ Deposig i1"on oxide Dn standing. t H"r<lnc$$ rc_calcul::tlc(1. 
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DESCRIPTION OF SA~1rLES Il-i TABLE I (A), 

S:;;lc-T= 
J)istric\ and Province. 

! Borehole 
I Depth. Lo=l;ly. Description ,old Hcmarj,s. Dat". 

-"SS 

-,59 

pS 

, 
! ZOI'tP'UlSb,'sl'. C;:orli,crn Tr,,,"~aal. 

-1----- ,--.,-
; Z"ulpansber.<:. Northern transvaal. 

i r 
---;~---,.' 

Feel. 
]\"re),o)" ','" Lubc;.l"~l I,:;.'>. \Anal. D,y. C.S. per Dr. Ock<"rsd.' August 

i ! Borchoie ~~ Eortg-;;-{;~;:-~-,;(;,~~(~s. l~'~ OCke-;;)1 :\::~::~-
'I . , 19·P 

I l'icters[mrg, l'o,"orthcrn Tran,vaai~-:-.--:-~-.--.-.-.. -I~---:::-~ -'-:B~rchole ill Dendron, 50 ~~~-""orll' -~;f""·Picte~·hurg. "'Z\~;~"-
! . 'Div. c.s. per Dr, Ockcr~c). I 1941 

-':---.----.. "--.-----,,--------\---~. --1·------- _ .------.---,----'-
.po i l'ictersiJurg, ?\orlhcrn Tl'anw~aL . 90 ! BNeholc on Towniands. T ml)e South of Pictcrsl;1!I"g: ........... 1 July, 

1 _ _ ! !9·P 

;'J2 ,,~II'-::::::':::~: :O:~:,~~,'" ';:::::~L- ~- -==--"~J~:'::,::,:' ;' ::,2: :::;~':B=::~'= ,;~ .. :~,=,J .,/ ;;;;-
__ _ _ pjetcr~buT'g. _ ,:-i/ 3/P 

";8 

,~-~Ii;:~~b':~'~~~~~';~';~~-' '--=i~'~"~: ~:~:::~~:_:;~:~::,.:"",p •.. Km~' '""0""' ':"~ __ -=i=;~~~.~ 
.;IZ I Pjetcrsburg, N'orlhern Trans\'aal., ... , ..... ,: lOO ! Ilorchole of ("I'm Hjetkolk 6B, Norlh of CluHlico; P{){)rt.. July. 

• ' , J, ")~l 

.-------'------" .. ----~-~--~--.. ---.--;--------)----------,-------" .. -~-----------~~-.-"--.. -~----.,--'--. ---
,,)60 I Pict<.:rsburg, ;;'-:orlhefll Tra"sva;'ll. ........... I 60 ,11Ilunicipal W<;Il in l'ictcrsbnrg. (Ana!' Govt. Lab., Johanneshnrg) i Z3/ .';/37 

.. i-:;-·-I,·-z~)Uti'~~Sb~rf:, ","or/hem Tra~$Va",I.-.-.-. -.~-.~---:-;s~--!-B~r~~~\~ ~\,,~\~l;~I~~~;~~.l;~~k~~~~~~:~~~. ~l:~~~~:;~~ .'~·~:~i~~.~T"·=-
- ... '----------.. ----------.-~ .. ----,.----:-.---''' .. -------_ .. _-_._----------------.. _;---

~_=::_. __ . ~~~~~burg._.::..~n_~~·~=~:...:.:..:_:.,_~:~!_~_: __ i_~:)r"110l~,,~~~'::~~~:_::~~~:..:.:_'_ .. _._. :"':.:,:.':'':'':_:'':.':''~; }o/ ~ 
\,,,-, )',I,,1";n1$ Rest, ;:\'orthcrn Tranwa~l.. i ! Borehor" on Sal"ra Camp, ]\:n'gcr ",:<lion,,-1 Park. i J\,l~,'. 

i_ I __ , __ I ~ -;'''' -I Z"ntpan~berg:. N(>rthern-TJ"an~-L----'--· !I 130rehole in Louis Tricl":'dt~. . .~~.-. -."~.~-.-:~.~~. ·~r-;;/1l/4Z 

_~~~~~-i-Z,'J\llpO\n~bcr!,. ",orth~rn Transvaal. i - i I;ordwl" in ::'10pa<1i SchooL (:\na!. Govt, L1.b., Johannesb\\rg) I 13/12/40 

i'~ i Zr!~~ansbcr.;:-, Northern Trans"aal ,'----'~',~l·i~i·,::._--.. ---" .. ------~~--- .. ·----·! 27/ 2/4Z-

---------'-----~----'---,. ---1---
'i"1 i Z'lUtp'l.<lsbcrg. ",orlh"m Transva.").L ......... I 700 : Bore],,,le, Beit BrHl,<;e. (\11;>.1 Govt Lab Joh"nn"s'mr') 1 If;/II/36 

--;~:--'''l',]grim$ &~~'. ;\'orllt·E,,-slern Tr;l.<l~Y;>';).1. I 301 i 13oreholo in K~u-"er N~tjon;).l Par]" 'i m!lc~ \\C5t of S",hlC R,~er 1----
, , I} :nilc~ \Ve~t of Portuguese Ea~t .·\fric;-tn lkrder. (An;-tl. i _ ~ 

,,~j 1'''"'''''' "::: '"'O'E"""""""'''""''',-'''':'':-
Gcn. Lab., Johannc.'lhurr,),. . ..... , I ,/ ,1-13 

Borohole on Capr; 3S" Km"er National Park, Sou;J~';:;;-r~;-i-----
Camp. (An~L Govt. IAh~. Joho:mnoslmrg).. ! ~"/I2/37 

S";~ I' Z"ulpallsbcrg. Xorthc:m Tran,;v"",L ........ , Bor<.::hole :-'-{opani KoslmisgrO'la". \'--I.nal. ~,o~t. La\>" J<>lmllncs-
1 burg). _ ~ ~2/n/42 

-5-;s-.li'-.r~~l;lb;)" Norlhcr~-~'·~--'---II"----=-~!' Thermal Spring on Eiland '3.!. (:\nR1. (;'-F~~(i'~;\~-i M"rch, 
i 1941 

:~--C--c-::--:--=----:---' ---'---
004 I Potgietersru"t, Norlhern Trall~v;lal.. Boreholc on Gilcad 66·1. (AnaL Di\,. C.S. per Dr. Ockerse) .... I 1942 

'.' 
* Not the town supply which "rises in the ,\Vatcrbcrg: formation, 
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granite in the Zoutpansberg area of the Northern Trans~ 

rise, as the name would suggest, to a highly mineralised 
t saline type of water. Small areas in the central portion 

National Park (South of Satara), and in the Eastern 
district, also yield similar water. The author was unable to 
lmmy samples from these areas, therefore a few analyses by 

are included in Table I (a), but unfortunately these 
are not all complete. 
total salines in these waters are extremely high, averaging 

parts per 10 5• Of these salts chlorides average 33' S per 
Cl.). Sulphates are fairly high compared with the other 

waters in the Transvaal (6· 2 per cent. SO 4 in terms of total 

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

scale-forming salts are moderately high, giving an average 
cent. (as CaC0 3). 

is nearly always much more magnesium than calcium. 
waters differ from the other granitic waters in the Transvaal 

no soda alkalinity. Instead permanent hardness salts 
l?fi$eIlt averaging 19 per cent. (as CaC03) in terms of total 

. is permanent hardness is due mainly to magnesium chloride, 
... these waters are potentially corrosive as well as scale forming. 

{lj1))l11e of these highly saline waters arise in the schists and gneissic· 
ilssociated 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 

element. 
high chloride content of these waters is not readily explained. 

be partly climatological for the rainfall in the Zoutpansberg 
about ro"-IS" pr annum. However, in the Letaba district, 

saline waters also occur, it varies from IS"-20". 
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, 

ths, are probably magmatic waters. 
'l'here is the possibility in the case of the saline Old granite waters 

North-Eastern Transvaal, that the very high Cl (and S04) 
be derived from cyclic salts borne inland by the prevailing S.E. 
.. from the Indian Ocean which is only about 180 miles distant. 
Kent (6r, p. 40) uses this argument to account for the high 

of the Letaba thermal springs. The low silica and relatively 
also suggest a cyclic origin. (Compare these analyses with 

Wt11prsalts similarly expressed as a percentage, as shown in Table 27, 
1:S7)· 

It may be mentioned here that the Letaba thermal springs do 
differ appreciably from the usual run of saline granitic waters in 

It is significant that these saline waters in the Old granite 
rC8itrictE~d 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 approximately to the 

carbonate group of waters. 
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Highly mineralised as are these water$, they are hardly ",),-nn,,'Hl 

with the Old granite waters of the North-West Cape ProvinCtl, 
will be shown later, the concentration of salts in these latter 
average over 600 parts per I0 5, while waters with COJl1c(~ntra1tiol 
over I,OOO parts are occasionally found. 

The sulphate content of the latter water is also 
great as in the Old granite waters of the North-Eastern 

Though the chloride content of the saline granitic waters 
Northern Transvaal is lower than that of the typical 
waters of marine origin like those, arising in the Cretaceotjs 
Bokkeveld formation to be described hereafter, nevertheless 
approximate to that type and the utilisation of these saline 
waters will be discussed under Group A (Section XXV), 

It may be stated here that these waters are generally 
saline for domestic use, sometimes for watering stock and in 
cases even for irrigation purposes unless the soil is 
drained. 

(ii) Natal and Natal Coast. 
In Table 2 a.re shown analyses of 13 samples of granitic 

collected and analysed by the author. In Natal the Old 
exposed either along the coastal belt or at no great distance 
The only villages of importance are Empangeni, Margate, ' 
and Paulpietersburg. 

Though the total salts in these granitic waters average 
parts per lOS, chlorides form a large part of them (31 po!:' 
expressed as Cl). This relatively high Cl content is due to 
that salt laden mists are carried a short distance inland by the 
winds, and the salts (more particularly magnesium h'Al·,",iil 

deposited in the soil. 

Silica is only moderately high, averaging IO per cent. 

Fluorides, if present at all, are only in traces. (The 
figures obtained were 0' 4 parts F. per million, which is well 
the limit of safety), 

The CaO : MgO ratio is I : I' '25 which is not unexpected 
of the proximity to the coast. . 

Sulphates are fairly low, averaging 3'2 per cent. S04 ill 
of total salts. Scale-forming salts are comparatively low 
cent. as CaCOa). Soda alkalinity is very rare instead, 
hardness is generally present (I2 '7 per cent. CaCOa). Co:nsulfj' 
these waters are more corro~ive than scaleforming. 

Though the iron content is very low (well under o· 5 
per I0 5 some of these granitic waters but more especially 
a low pH., show a tendency to deposit iron oxide on 

These waters have been classified by the author as 
a slightly Saline Group B, and their utilisation is dealt 
that group (Section XXV). 

It may be stated here that these waters can be 
domestic purposes, for watering stock and for irrigation. 
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(iii) North-West Cape. 

The author could not obtain samples from this remote arid and 
."C,Plu populated &gion, but through the courtesy of Dr. Ockerse, 

blic Health Department, and Dr. Steyn of Onderstepoort 
"r~t"r" has been able to furnish, in Table 3, the results of 13 

these waters which are unfortunately not complete. The 
in Table 3 shows that these granitic waters from the Kenhardt, 

and Upington districts of the North-Western Cape 
are the most mineralised in the Union with an average total 

content of 690 parts per 105. Occasionally the total salts exceed 
parts per 105• 

The total scale forming salts average 33.6 per cent. (as CaCOa) 
Ca(HCOs)2 and Mg(HCOs)2 only average 7.8 per cent., the rest 

hardness (26 per cent.) being due to the sulphates and chlorides 
.';""""""'11 and magnesium. 

The high sulphate content of 19 per cent. S04 is at first puzzling 
the granite itself contains no appreciable quantity of sulphide' 

Even had the high salinity of these waters been due to a 
marine transgression in these regions, or to salt-laden mists 

the sea, i.e. cyclic salts, that would not explain the very high 
content. (Compare the percentage composition of these waters 
sea water (7 per cent. S04) as shown in 'Table 27, Page 157). 

The author therefore puts forward the following explanation :-
(a) The Dwyka TilIite, which as wiII be shown hereafter, gives 

rise to high chloride and high sulphate waters (15 per cent. 
S04), has only recently been stripped from these areas and 
there are still a large number of thin veneers of that for
mation covering the Old granite in this region. 

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

(c) 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 S04 in 
those waters. (Compare with saline granitic waters in the 
.North-Eastern Transvaal). 

The author suggests therefore that for the above mentioned 
l'l;iI,;:orlS the Dwyka tillite appreciably modifies the chemical charac

,stics of the granitic waters of these regions. (Compare with the 
composition of Dwyka waters as shown in Table 18, 

The high concentration of salts in these gral'litic waters of the 
Western Cape is mainly due, as in the case of the Northern Transvaal 

tic waters, to the strong aridity of the climate. 

These waters have been allocated to the author's Highly 
nlJner',ll!:,ed Chloride-sulphate Group A. of waters, the technological 

isation of which is discussed under that group (Section XXV). It may 
mentioned here that the majority, on account of the enormous 

.'!ltl'Uc,en1:ratJOn of salts are totally unfit for domestic use. 
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The presence of appreciable fluorides makes them even 
unsuitable. In fact, according to the inve£tigations of Steyn 
Reinach (79) at Onderstepoort Laboratory, these waters are 'Ll.'tl.nHIJIc 

poisonous to stock and human beings, on account of their 
Except in the case of very well drained soils these waters are al>o 
far too saline for irrigation. 

Turning to the general characteristics of granitic waters, 
significance of the fluoride content of all these granitic wattll'fl 
discussed (Page 169). . ' 

Another interesting feature of all these granitic waters 
as will be shown later, the Red granite waters) is the very low pOra,!fWJ 

content. From the analyses of Old granite rocks, it will be seen 
though there is generally slightly more Na20 than K20, neverth 
the KP content is appreciable. Potassium, even in the 
mineralised Old granite waters of the N-W. Cape, is generally 
2 parts K per 10 5• Expressed as a percentage of total solids 
potassium on an average works out an only o· 2 per cent. K. 
reason for this low potassium content of all underground watenj 
the Union is discussed in Section XXIV, (Page 171). 

Saline as are the granitic waters of the North-Western 
the Zoutpansberg districts of the Northern Transvaal, they are 
comparable with the waters of the Granitic Complex of 
Australia, where the average concentration is about 800-1,000 
salt per 105, while figures of 1,200 parts are quite common. (S 
57)· 

It is indeed fortunate that the majority of granitic waters in 
Union of South Africa contain only moderate amounts of u,o'"",v, 
salts. 

Vr.-THE WATERS ARISING IN THE CAPE GRANITES, 

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

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

The author was able to collect only 5 samples of borehole 
from the Cape granite formation. The chief difficulty is that 
areas shown ont he geological maps asb eing occupied by the 
granite, are in reality covered by fairly thick sandy deposits of 
age, and though the boreholes may in some cases have been sunk 
granite, the waters are partly derived from the overlying 
<Lnd are exceedingly brackish. These waters properly belong 
Recent coastal dep08its to be described (Page 148). 

However, the analyses shewn in Table 4 were from 
actually located in Cape granite. 

, 1 

""'mpI~I_ 
I , 

I\ut: ! 
, 

\itlthyl i I 

'~·.I-
1:,'I',:',"'O._/',,1! I 

,i' j'i"j";:)~;-:_~i; -1-

101111';)11--; 
Ilil1d;;;-I--: 

._'·1-
LI,~trd IlG I ( 

C"""·"_. _, __ _ 

A i :0 
Gr),:~j..:,,,,,,, ":"---:'-'- ·-.-r 

I 
1 '(i \ 

i 
i'ol"I' I 33 ,.,,,--'--

'%1/,,,,, (I 5 
".,--,-----.-_-,--
FI"ofid I N 

, -'"'.,,--:--,--
NH:rite~ i . N 

!\!1I,;d0, 1--0-' 
! --, . .,,-,-_.-----

(Ji/lJrid 8· 

o· __ i ___ .. 

Und 
0' 

7' 

9'7 

7'9 

Nil 

3'4 

33'4 

I : 0·8 



&l1n plc N mn ber~ .. 

l'"rts CaCO, per 10' \Vater. 

~lethyl Or;mgc Alblinity. 
---~-... - .. "-.. -
TI'>lal Hardnc~~ .. 

l'crmaI1cnl Ibrdnc,s" 

Temporary H"nJ!lc~~ .. 

Ilal'dnc.'~ <hI(: to C" S:).lts., 
---~----

T"t;ll Solid~ (al )05°)._ 

Si!ic;\ (as SiO,) .. 

Fluorides ~a~ F) .. 

"i(rites,. 

!\itratr_~ (,,~ XOo) .. 

UllO,idh {,,~ Cl) .. 

Sulphak, (as SO.) .. 

Pol:~"~!\"n Saih .. 

w 34~ 

10'1 

6'2 

.36 ." .p'" 

3'" 3'~ 

~ii Tr;,n' 

Nil ?\ij 
... - -- ---

);jl "il 

,~ '0 It)·.'> 

,\.(, 

Un(kr li,,{kc 
o'S U· ~ 

TAInr: N(>. ~._" OLD GRANITE" 11\ ""TAL. 

393 

'-s 
S·" " 

,.(> 

~(),,, • .'> 6'0 

"." '~ (;.(, 

~.~--

)2 '0 (>-1' ,'0 . ,,'., ~'"'-~~-
]\;il ~il );11 ~il 

5'~ ('("0) 3~'~ .1,." 3" ~ 35"" 

I'S ~·o 2'" -1'4 "~'(l 

<)")·1 ?\ij ?\ij l'il o'ooS "'''·1 
Xii Xi] Xil Xii ",I );i\ 

-",- -
"i) "'il 0'04 Nil "'0,1 

:-;'" ,S'!-; c,· 3 ",.(, '~'o '3"1 

0'''·1 "'0,1 "'0,\ 0''',), o,S(, ,,·B 

\ 'n<le, l,,,dc, t)",j"r 11"<1,,, "'nder 
0- :- o· :; o· :; o· 5 o· , 

5 00 

,., 
.'\'.'> 

o·~ 5', 
6-4 

"il ).;il 

33'0 

S' 3 

p'o,; 0'0.: ?\ij 

Xii "i) );;1 

I·I> o·.!.) 0'6., 

.~. :; 10'<) 1;.:, 

0'); ,,<).,; 0'7 

linder ,;",k,- t'tl(k,. 
o· 5 o· .'i <." 5 

53" 

2'2 

"~- 4 

0'" 

2', 

o 3 

:-:il 

:,.,., 

\;n<l<", 
0' ,~ 

;;37 

:l°'5 

><)'0 

Xii 

~<i'0 

<)':l 

.j·O 

"il 
_____ 1 

,;nd~r 

o· 5 

31 

Average 

I'" ,·'u""s. . (,'5 (,.:; ,'S ~".'> (",\ 7'7 (,-5 7'5 ()-O) "·1 i \>,9 ,':1 
.~~_~_~~. __ ~. __________ . ~·_c._~. __ ~_.~_~·, ____ ._ .. __ 

I'crccntagc on Total Solid~, 

!;.(l 7-" )"'7 ,>h 5"2 '·1" 

",0. 2- 5 ""., ,(,.(> ;;.~ "74 ,,-u 
9', 5-~ 1~·6 5'5 

----~-.~,.---.. -,,-)--.--."' -

,j6-" 

('OZ-7) 

• Prp',,;\s iron ,,:-:i<l~ ,m standing, 

5' U ','i-O 7'') \O-~ 

<)', (! - S) 
«"3 .' ___ C ... C __ 



32 DESCRIPTION OF SAMPLES IN TABLE No. 2. 

Sample 
No. Di~trkt and Province. 

Bo.cholc 
Depth. r.oC;l.lily. Dc"c,iption and R"mark~. j);lk 

3.,1 I'nrt Sh(,p~\""c. :;o"t1l (,,,"t. ;:"-ata!. Spr;n,:: on Grasmere No, 2, 1) miles ""rlh <)1 Poet 1O<I,,""rd .. >S! .,/4) 

:\.!~ l',,~l SIl(lPS\(HI" South (,,:t'it. );fl.\,,1. t4" 
i------------ --" ..... ~---~---.--. 

343 . I\if\ S''''ps!'''l(". S",,:h C(-"'~t. "alal. 

3.j.~ i l}m,.into, South CO"~:. ;';a\"I .. --l 
3_~ , L'","in(o. S'>1,ll\ {",,:\~l. ;-:"1"1.. , 
33' C;Hnl'cr(\o,,"!\. ",,,t;ti. 

5_'" )l''lnmw;", ""t .. l.. --- . __ . ',-,- -_ .. __ .. _-
3')3 L",~"( lhnfol<ni. Zul""'nd. 

.lot> ;"',\\'" limbl",_" Znl;lI:,,1<]. '50 

Borehok at }{amsgat<:. Son!h of )!"rgal<:. 

Spring. \\:at(:r~hcd 101(" ncar Chcn·~ .. ·.W)(ld 1'",-k. 

i \Vcil ;ll Krnkrlon .. 

Horcho1<: "t lknish"w ll()~pilal '1,,;,,' Sc()ttbnr,~h. 

nllrdwlc ,It Drmnmond. 

Spring Oil Tnngant--Noods\"',-g J\""d. :l\",,,l ,.'\ milc:s fI·om 

Bor<!il(,ic «l Empanr:cni. (D:-. O(".ket:<c, ,\n,,1. Di". c.~.). 

Bore\Hlk (l'o. 952(,). Oil Lot K ;_1 • .> miks West of il-l'Pns:!. l{;tilway 

31/ ,,/.p 

·1/·:' 

.')/4' 

If ·If+~ 

1<)-/1 

Stali(>!L .w/ l/.jf 

50S L<)w<:o~ Umi(>im.i, ZnlulalHl. Bor<:ohok. on T~Jt 2l() IlC;C( 1..<I\';o/.a Halt Ilear Empam::cni.. 29/1/4''-

.~o() Lower limiol<)zi. Zululan<J .. 

5](> : Low<:o[ "Crnfolozi. ""1,,1,,,,(\. 

.lE I.ower l)mf()lo~i. Z"I"I:\Il<1 . 

·T};,-;~llf;;:~·-;;;;:b;;-;;ti~~it;'i;;:;-;,;ISmrang~~n~----·-·· 29/ '14~ 

, 130rclwlc Ull Addi<;()n'~ farm, .1 mil:;~-X()[Lh.E;;;;-;:--;;(-E";;~;;;;~·~;';; -'0/ ~/4~ 

Jk!,':.~;.~::._~_'.o_~n_~}:: _Y:.'::!~.'::::s.~ __ i_ !5!.}/:i2 _ 

"i[ 
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34 DESCRIPTION OF SAMPLES IN TABL}; No. 3. 

Sample 
No. 

District and Province. 

---1--
389 ' Namaquala!l<l, Cape Province .. 

3SS i N.amaqual,\)ld. C"-pe l'roVlllCG 

387 I Namaqualand, C'lpC Province 

382 I North-Wc,(crn Cape .. 

_\86 I Go.donia. Cape Province .. 
____ 1 ________________ _ 

615 I Gordonia. Cape ProvinGC. 
I ________ _ 

~rG~~nia, Cap,,-·Province .. 

I 
603 I' Gardenia, Cape Province ... 

!i 

Botcliolc 
Depth. 

Feet. 

Locality, Description and Remarks. 

Eorchole at Garies. (Dc. Ockerw AnaL Di ... C.S.). 

i BorchDk at Sobatsionlcin. (Dr. Ockcrso Anal. Div. c.S.). 

rB~;;:;;~Springbok. {Dr. Ockcrse AnaL Div. C.S.) .. 

D;r.t<: 

1940 

1<)40 

1940 

! Borchok at Pelt:>.. (Dt. OCkcrsC. Anal. vndcrsccl'uon: .,.ao.). 19.jO 

r-=-- \\'cH at Luhputs, West of Upington. (Anal. Govt. Lab., 
I Johann",\.>urg). 

"3 

171 5/~1 

13oreho1<-. on farm StecnkanlTldal. (Anal. Omlcrstcpoort 1~'lb .. ·1 

pcr Dr. Steyn). 1938 

! Well at ,.a"gklip. \VCSl of Upington. 
Johannesburg). 

, 
{Anal. Govt_ Lab .. ,I 

, 171: sl'J! 

r'Boreholc on farm 
! Dr. Sley") 

I{alkdmn. (AnaL Onderstepoort Lab., poor 1----'--
i l<)3~ 

609 i Gordoni;l., Cape prqvincc.. I i Borchoic on farm ""t!lcde" .. 

6IO i Gordonia, Cape Province.. ! Borehok On farm Blocmdal. , 1< pt ; 

6IJ i Gordonia, Cape Province. r=-~-r BOH'I~~l~'i~;rm Vrowcnspan.. --1--1 ;1 ;--

"-i-I,;;3 

I ' . 1------------ -
612 i Kenhardt, Cape Province.. ! BDrchole on t;,rm Dc Rllst.. ! [93 s 

-~~=~{~~~~=I~==~11~~f~~::::~~=t f[r 

36 

• 
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37 
peculiarity of most of these waters is that though they were 

. clear when freshly sampled, they invariably deposited a little 
oxide on standing even for a short time. The iron content 

waters is, however, low, generally well under o' 5 parts Fe 

pH. of these waters is on the low side, averaging 6'9, and, 
be shown in a subsequent section, such tendency to deposit 
, 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 
here that most of the waters in the Cape Peninsula, including 

arising in the Table Mountain series and many of the~ from the 
tlesburv series exhibit this tendency. 

concentration is quite low, averaging only bout 20 parts 
This applies, of course, only to areas where the Cape granite 

overlain by superficial deposits. 

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, 

These 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. 

The Cape granite waters have therefore been allocated by the 
to the slightly saline Group B. and the same remarks apply 

utilisation and corrective chemical treatment, as in the case 
Old granite waters in Natal. 

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, 
It part of the area is Native Reserve, but the Leeuwpoort, Mutue 

Zaaiplaats and Rooiberg tin mines, as well as the South African 
i Ltd" Factory on Zoutpan 467, Pretoria District, are located on 
tes. 

DISTRIBUTION AND RAINFALL. 

The Red or Bushveld granite froms part of a basin in the Central 
. stretching from the Pilandsberg in the West to Pokwani 

East, but is considerably interrupted in the centre by coverings 
'. rocks. It includes granites which are not red in colour 

recent work by the Geological Survey show that there are several 
, , 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 
rocks are found in Sekukuniland and near Hatherley, Pretoria 

The average annual rainfall in these areas varies from 15" to 25" 
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 igneous assemblage known as the "Bush veld 
Complex", occurring as a lopolith in the heart of the 
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 granite is younger than the norite and other 
rocks. 

The essential minerals in the Red granite are;-
Microperthite (an intimate intergrowth of 

Albite and Oligoclase felspars) and quartz, with 
rather than biotite as the ferromagnesium mineral. 
The reddish fine grained felsites and granophyres are very.' 

Typical analyses of the Red granite and felsites will be 
later. The Alkali rocks of the Pilansberg and 
been studied in great detail by Shand (62,63,64). These rocks, . 
younger than the Red granite, are genetically connected with 
and since they give rise to very similar waters they are d. 
under the same heading. These Alkali rocks exhibit both 
and volcanic phases, while volcanic breccias and tuffs are m",''''''l1 

The chief rock type are ;
(I) Red Felsites and Trachytes. 
(2) Red Syenites. 
(3) Nepheline Syenites (Foyaites) and Phonolites 

and Microfoyaite) 
(4) Volcanic breccias and tuffs. 

It is not necessary for the purpose of this study to give a d 
mineralogical description of all these highly complex rocks, 
may be stated that all (even the tuffs and breccias) are '''''H'M'''. 
by a very large proportion of soda-rich minerals like ~V,"a.-HV' 
aegerine-augite, aegerine, soda felspars, nepheline, sodalite ;11 
crinite. There is comparatively little quartz. It is not 
therefore to find that the Nap content is higher in these 
in any other rock types met with in South Africa. 

Another very· important characteristic of these rocks 
fluorite (CaF2) is a common accessory mineral (Shand 62, 
128, 140, 143). Even the vesicles of the la vas are SOJ:netlll.)(l~ : 

. with fluorite while it even forms part of the cementing 
the volcanic breccias (Du Toit 14, p. 191). Fluorapatij(j 
(P04)2.CaF2] 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 
analyses of the Red granite and associated felsites give tl)(l 
content. Two recent analyses of the Red granite made by 
are included in the following table of typical rock analyse:'l, 
these the fluorine has been determined. 

As far as this study is concerned, the chief interest is the:lt) 
rock analyses is the high Na20 and KP content of the H.ed 
and associated felsites, and the exceedingly high Nap ",,,,iNnC 

Alkali rocks of the Pilansberg and Sekukuniland. 
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DESCRIPTION, 
(I) Red Syenite, Eleventh Poort, Olievenfontein, Pilansberg, 
(2) Foyaite, Olievenfontein, Pilansberg. 
(3) Aegirine Foyaite, rich in sodalite, Leeuwfontein, Pretoria District. 
(4) Ijolite, Spit2kop, Sekul<;uniland. 
(5) Lujaurite, Tussenkomst, Pilansberg. 
(6) Coarse Red Granite, Petronella Siding, North of Pretoria. 
(7) Red Granite (granophoric); 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. 
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In the former rocks K 20 appears to predominate slightly, 
III the latter rocks Na20 is generally greatly in excess over I{ 

Comparison with typical analyses of " Old Granite" shown 
Section 5 does not reveal any appreciable difference in 
composition between the Red granite and the" Old Granite ", ill 
there are mineralogical differences. The alkali content in the "',,''''',,'' 
is however, slightly greater than in the latter. 

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

UNDERGROUND WATER SUPPLIES. 

Du Toit (2, p. uS) points out that since the Red granH,,, 
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 felsiteci . 
granophyres are generally avoided on account of drilling dime\! 
but in weathered zones give fair supplies at shallow depths. 

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

Midclel" 
Pretoria, Brits. Rusten- J\iarico. burg 

burg" (Tv!..)" 

Average depth ................... . 130 it" 94 ft.. 99 ft. 135 ft. 135 ft. 

Average yield pe)' die", in gallons... I4,000 Il,700 20,500 "3,500 

Percentage of failures ............. . 37 55 37 

No data are available for boring results in the Pilansberg 
rocks. 

QUALITY OF THE WATER . 

. In Table 5 are shown the results of analyses of 20 sam 
water from the Red granite covering the Pretoria, Wa 
gietersrust and Middelburg districts of the Transvaal. The 11"'.,1'.)' 

were carried out by the author, but a few by other analysts are lU"H,qc 
which latter unfortunately do not give the Si02 content. 

The author could not obtain samples from the Pilansberg 
rocks, but through the courtesy of Dr. Ockerse of the Deparl 
of Public Health, 7 analyses of waters from these rocks were 
available and are shown in Table 5. Unfortunately these latter 
not give the Si02 content. 

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

(i) The Waters in the Pilansberg Alkali Rocks. 
The chief characteristics is the appreciable soda alkalinity 

the consistently high fluoride content. 
The concentration of salts is generally fairly low, 

2S parts per 105. Soda alkalinity is always present. 
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4-2 DESCRlPnO.l' OF SA"lPLES IN TABLE No. 5. 
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of total salts the average is 28· 7 per cent. (as Na2C03). As 

the alkali content of the rocks (particularly Na20) 
l'ernelv high, so it is not surprising to find that the waters show 
temUie soda alkalinity. e 

potassium content of these waters is very low, the highest 
t being only o· 35 parts K per 105 (or 9' 0 per cent. K in terms 

, salts). The reasons for the very low potash content of these 
waters in the Union will be discus,ed later (Page I7I), but in 

(lltSe, as previou3ly mentioned, Na20 greatly exceeds K 20 in the 
Hglhpl'" Alkali rocks. 

In spite of the appreciable soda alkalinity the pH. of these waters 
not appear to be exceptionally high, averaging only 7.6 in the 

tested, so that the soda alkalinity is generally in the form of 
bicarbonate rather than the carbonate. The chief exception 
of the Ledig borehole (sample 552). The pH. of this water 

is the highest so far recorded in South Africa, excluding that 
concentrated liquor in the soda pan near Pretoria. In the 

sample appreciable sodium carbonate as well as sodium bicar
is therefore present. 

As mentioned, no data is given for silica. 

In the typical rock analyses previously given, calcium was seen 
to exceed magnesium, the average ratio being I : o· 3. Therefore 

not surprisil1g to find that in the waters CaO exceeds MgO, the 
being about I: 0·6. Chlorides are low, averaging only 7'I per 
Cl. in terms of total salts. 

Sulphates are abo low, averaging 2' 5 per cent. S04 interms of 
salts, and this sulphate is undoubtedly present as sodium sulphate 
there is never any permanent hardness-instead there is an 
of soda. 

Scale-forming salts are consequently restricted to calcium and 
'GO.lUiH bicarbonate, which average about 40 per cent. (as CaC0 3) 

".,.~ of total salts. 

The most striking feature of these waters is the consistent fluoride 
. Fluorides always appear to be present, generally in amount 
exceeding the safety limit of I part F per million laid down 

h ... "';' Health Authorities. One sample, namely, that in the highly 
Ledig water has the extraordinary high fluoride content of 

parts F per million (3·8 per cent. F. in terms of total salts), the 
so far recorded in the Union, excluding the highly concentrated 

liquor in the Soda Caldera at Salt Pan.* 

An interesting fact, arising out of the appreciable soda alkalinity 
, present in these waters, is that the fluorine is always present 
form of sodiumff,uoride (NaF) , and not calcium fluoride (CaF2). 

example, had the CaF 2 been present in the Ledig sample (7' I 
. CaF2 per 105), this would have given rise to a permanent hardness 

•. ' '2 parts (as CaC0 3) per 10 5, which is easily determinable. No 
IllaneIlt hardness was found, but instead a soda alkalinity of 35'0 

Na2C03 per !O5 is present, and so in the other waters. 

above was written a spring water on Doornhoek 134. Rustenburg District. 
WllUU 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 

Pilansberg Alkali rocks show the fluorine content; in both 
is appreciable, but all the Pilansberg rocks contain fluorite 
have fluorapatite as an accessory mineral, so that it is ... c, ... ,] 
that all these rocks contain appreciable fluorine. It is not 
therefore to fmd that fluorides are always present in 
in waters arising in these rocks. 

The significance of the fluoride content of these 
discussed further. 

These waters are allocated to the Alkaline Soda 
D. of Waters. The percentage Na2CO:l or NaHCO a content 
high on average (28 per cent. as Na2C0 3) as in the case of 
arising in the Upper Beaufort series (37 per cent. Na 

The utilisation and chemical correction of these cu~.ct.". 
from the Pilansberg rocks is dealt with under 
be stated here that these waters can be used for all dOlme:sti~ 
and for watering stock since the absolute amount of Na2CO a 
is not high, whilst for the same reason these soda alkaline 
be used for irrigation. The soda content however offers 
with regard to their utilisation as boiler feed water. 

(ii) Waters in the Red Granites and Felsites. 
The concentration of salts in 

on account of differences in rainfall. On the Eastern 
granite the concentration of salts is very low and in this 
waters therefore approximate to the author's pure water 
.their percentage composition is much the same as in the 
other Red granite waters. 

On the average, however, both in concentration and 
these waters are very similar to the alkaline waters of the 
Scale-forming salts are lower than in the Pilansberg 
could be anticipated for the analyses of the Red O",.~nit 
slightly lower CaO and ,MgO content than the Pilansberg 
The CaO: MgO ratio is even lower at I: o· 3 
I : 0·6 of the Pilansberg waters. 

The chief difference however, is in the chloride 
varies a good deal in Red granite water3 but on the a 
high at 18 per cent. Cl. Such applies particularly to 
waters from Warmbaths, which some observers assume to 
or juvenile waters. 

Incidentally, it is interesting to observe from the 
in Table 5 that the water from the well known thermal 
Warmbaths Sanatorium differs hardly at 8ll, except in 
from the other borehole waters in Warmbaths. The 
between the Warmbaths waters and the other waters 
granite is in the absolute amounts of sodium bicarbonate 
Certainly the Warmbaths waters appear to fit in with 
of a magmatic water as given in Clarke (43, p. 24): 
juvenile waters on the contrary, are fairly constant 
particulars, and carry sodium bicarbonate, alkaline silicate, 
etc., as chief constituents, with chlorides and 
accessories and practically no carbonates of the alkaline 
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alkaline earths are certainly low (CaO less than 5 per cent.) 

NaHC0 3 is very high and Na 2Si0 3 high. 
reference to· relatively high chlorine in waters arising in 

rocks, Lindgren (35, pp. 47-48) states: "Waters rich in 
are sometimes found in ascending "prings in igneous rocks, 

confined to regions of comparatively recent volcanic 
Their conposition is somewhat different from the brines 

from the dissolving of salts from sedimentary beds . 
in considerable amounts". It may be mentioned that 

did not find boron in the Warmbaths waters or in other 
r~nitp. waters tested. 

Salt Pan, an extraordinary volcanic crater, or more correctly 
soda caldera is located in the Red granite formation. From 

considerable quantities of salt and sodium carbonate have 
."A.-1""Drl by the S.A. Alkali, Ltd. This soda caldera has been 

studied by Wagner (36) who has ascribed the formation of 
to a phreatic volcanic explosion. Red granite forms the 

sides of the crater while the volcanic breccia is largely 
of the same rock. The material originally filling the" pipe" 

though blocks of alkali syenite, related to the Pilansberg 
have been found. 

will be instructive to compare the composition of the brine 
caldera with the Warmbaths waters and with other waters 
Red granite analysed by the author. 
recent analyses of the· brine, including one made by the 

are compared in the following table with some analyses of 
water. The results are expressed as percentages of the 

in order to eliminate the conentration variable. 
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these comparative analyses it will be seen that the highly 

liquor from the centre of thi, soda caldera' does not 
greatly (except in concentration and in the percentages 

MgO and Si02) from the usual run of Red granite waters. 
of the pan NaCl greatly exceeds Na2C03, but as the 

pan is approached the proportion of Nal',Os rises until it 
fiIIllatlcs (see analyse< of "fresh water" borehole) to that of 

Red granite water. 

absence of any appreciable quantity of calcium and. magnesium 
liquor as well as the high proportion of NaCl to Na2C03 
be explained on physico-chemical grounds. The liquor 

"Al,trp of the pan is highly concentrated and is therefore saturated 
of certain ion~ [i.e. the solubility of Ca(HC03)2' Mg(HC03)2, 
Na2C03 in a 16-18 per cent. NaCl solution]. Hence the 
of "trona" (NaHCOs. Na2CO S' 2H20) and gaylussite 

3.CaC03.sH20) in the bed of the pan. Magnesium is present 
ordinary Red granite water in little more than traces. 

presence of numerous siliceous concretions in the bed of the 
work of ciliceous organifms (diatoms), no doubt also accounts 

silica which was present in fair amount in the original water, 
present in the brine only in traces. 

(36, pp. 106-107) suggests as an alternative theory to 
the high chloride in the caldera liquor, that the chloride 

cyclic, that it is derived from sea spray blown inland during 
The author however contends that not only is this improbable 

'('{),mt of the distance from the nearest sea coast, but it is quite 
as a theory, for, as shown in the above Table, a relatively 

pe,rc(ontage chloride is a characteristic of all Red granite waters 
the Old granite waters. 

, appreciable soda i, another characteri"tic of all l~ed 
waterc which can therefore be de,cribed as chloro-soda car
waters. The very nature of the crater or caldera at Salt Pan 

lend it"elf to enormous concentration of the normal underground 
draining from the surrounding Red granite. It if contended 

that the soda liquor in the caldera has originated by concen
from Red granite ground waters. 

revert to the general characteristics of Red granite waters, 
mentioned that they were very similar to those arising in the 
rocks of the Pilansberg. As in the case of the latter waters 

are always present in appreciable amount and for the same 
it may be assumed that the fluoride is present-as sodium 
for soda alkalinity is always present, 

Nineteen of the sample:, of Red granite waters shown in Table 5 
tested for fluorides, but only one ~ample 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 
gives rise to waters with an appreciable fluoride content. 
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No other formation in the Union, excepting the 
rocks, gives rise to water which so consistently contains 
has been mentioned that the Pilansberg Alkali rocks nearly· 
contain fluorite (as CaF) as an accessory mineral, thus 
for the consistent fluoride content of the waters arising 
search through the literature has not yielded any mention of . 
as a normal accessorv mineral in the l'<.ed granite, and the 
not found any fluorite in thin sections of normal Red granite i 
examined microscopically. Apatite is however sometimes 
an accessory mineral and this may contain a little fluorine. 
tunately as aforementioned, the publdled chemical analyses 
granite and ~yenites do not give the fluorine content. In 
analvses made bv the author fluorine was determined but was 
to b"e exceptionclly high.* 

Small segregations of fluorite are however known to 
Red granites, for example, the occurrence at Walmansthal 
Pretoria District (65 Lombaard) and it is probable that 
gat ion, are more common than realised. 

It may be mentioned that a composite sa.mple of the 
the soda caldera was tested by the author and found to 
parts F. per million. 

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

Silica is consistently high, averaging about 18 per cent. 
termS of total salts, though in ab::olute amounts seldom 
5.8 parts Si0 2 per 105• In this respect the Red granite waters 
the Old granite wate!"s in the Transvaal. In both the silica 
is relatively higher than in any other waters. The probable 
this has been given previously. 

Sulphates are seldom present in any amount, the a"",-afY 
2'0 per cent. S04' In many cases traces only are present. 

Soda alkalinity is nearly always presen.t averaging, ·as in 
of the alkaline waters from the Pilansberg, about 28 per 
Na2CO* in terms of total salts. The fact that the pH. of 
is on the low side (averaging 7' 4) indicates that mdium 
rather than sodium carbonate is generally present. 

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

These waters have been allocated to the author's 1"Ujl"U'~ 
Carbonate Group D. Actually on account of the 
chloride they would be more strictly classified as a SU])-l!:rOUlp 
chloro-soda carbonate waters. 

The industrial utilisation of these waters and 
chemical corrective treatment is dealt with under Group 

It may be mentioned here that these waters, provided 
not polluted, can be used for all domestic purposes, except 
fluorine content exceeds I part F. per million. They can 
watering stock and also for irrigation, since the absolute 
soda are never above 20 parts Na2C03 per 10 5, 

* Since the above was written, Dr. Wasserstein of the Union Geological 
trographically determined for the author the flu0rine content a few sanlpl€',s' 
granite from various parts of the Bushveld complex, and found fluorine 
about .02 to 0.2 oer cent. F. 
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THE WATER IN THE BASIC AND ULTRA-BASIC 

ROCKS OF lHE BUSHVELD IGNEOUS COMPLEX . 
formation i~, of course, of very great economic importance 

of the platinum, chrome, iron ore, magnetite, and magnesite 
found therein, but from the viewpoint of thi~' study it is not 
of such great importance since the region underlain by these 

rocks is essentially agricultural and is either sparsely 
or else native territory. However, the formation yields water 

!'trking chemical characteristics and is well worthy of study. 
DISTRIBUTION AND RAINFALL. 

basic rocks form the ba!'al zone of the Bushve1d Igneous 
and occupy the rim of a basin which "tretches from Sekukuni
Steelpoort in the East to the Bechuanaland border ill the 

and from Potgietersrust in the North-Ea:.t to Rustenburg and 
. North in the South. The rim of basic' rocks varies from 
miles in breadth but is considerably interrupted by coverings 

formations and in the CentraJ area by the Red or Bushveld 

only important centres situated on these rocks apart from 
,hr.~mp and platinum mines, are H.ustenburg and Potgietersrmt, 

course, part of Pretoria North. A great deal of this area is 
territory (i.e. in Marico and H.nstenburg di,tricb, and Seku-

varies frolll 1'5" to 25" but in the far We~t along 
:echu,an;:tland border and North of Zeerust it drops considerably 

GEOLOGY AND LITHOLOGY. 

formation has been divided into a number of "zones" 
to the type of basic rock, but all the,e types except the 

ultra basic kinds :ouch as dunite (of very limited occurrence) 
the point of view of this investigation, similar. 
vary from diabase, gabbros and granodiorite, bronzitite, 

.h~,;.,,, to chromitite, peridotite and dunite. 
chief types, however, are the norite and pyroxenites. As 

the former (37 Lombaard, p. 22) has suggested that the name 
" is a misnomer and that such rocks should be termed 

is sufficient to state that these gabbroid rocks consist mainly 
'~ivt of the more basic plagioclase felspars, i.e. labradorite 

with pyroxene minerals (either diallage or bronzite or 
hypersthene) . accompanied by a little magnetite. By 

the felspathic constituent these norites or gahbros pass 
)yrox>em which are generally rather coarse grained aggregates 
:ox:eneminerals (diallage, enstatite, bronzite or hypersthene) with 

of the more basic plagioclase felspars, and some iron ore. 
common are the peridotites, which are olivine-pyroxene. 
in magnesia. (One of the water samples, namely that from 

at Mooihoek Chrome Mine was taken from that zone). Dunite 
. rarer and consists almost entirely of the mineral hortonolite 
rich in iron). 

the chemical composition of these various rock types throw;.: 
the strking chemical characteristics of the waters arising 

ten typical analyses of the main types of basic rock are given 
next page. 
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Pyroxenite, Chrome Mine, Groothoek 171, district Lyden
burg (near well from which water sample No. 414, Table 6, 
was obtained). 

(2) Oxidised pseudoporphyritic pyroxenetic diallage norite, 
Uitvalgrond No. 334, Rustenbrug district. 

(3) Composite sample of oxidised norite, Schilpadnest No. 233, 
Rustenburg district. 

(4) Bronzitite on Jaglust 333, South side of Olifants River, 
Lydenburg district (In vicinity of water sample 413, Table 6). 

(5) Harzburgite, Vlakfontein 902, Rustenburg district. 
(6) Hortonolite Dunite, Onverwacht 330, Lydenburg district. 
(7) Sulphidic Platiniferous Norite, Dwarsrivier No. 86, Lyden

burg district. 
Spotted "Norite", Schaapskraal No. 442, Lydenburg 
district. 
Pyroxene-Olivine Norite, Vlaklaagte SIl, Rustenburg dis-
trict. 
Chromite-bearing Bastite Serpentine, Vlakfontein No. 902, 
Rustenburg district. 

chief characteristics of nearly all these rock types from the 
zone is the great preponderance of magnesium over calcium, 

rarely exceeding 5 per cent. This preponderance is not so 
in the diabasic and gabbroic phases as it is in the pyroxenitic 

more basic types, in which the calcium may be as low as 
In the anorthositic types of norite the position may even 

veJ:se<j. Taking the rocks as a whole, however, they are essentially 
magnesium and very low in calcium, and this, as will be shown, 
marked effect on the waters arising therein. 

important characteristic is the very low alkali content 
rocks, which rarely exceed I per cent. of the rock. This 

to the fact that not only are the felspars very limited in amount 
consist of the more basic types of plagioc1ase felspar, from 

AA'.;+O (5' 5 per cent. Na20) to anorthite (Na20 = 0'0 per cent. 
CaO. Al

2
0

3 
2Si02). The latter (anorthite) is the commonest 

Lombaard (37, p. 36) though only in the pure 
rocks is anorthite plagioc1ase present alone. This low 

a
2
0 content of the rocks has also an important bearing on 

waters. 
basic rocks, more particularly the gabbroid and pyroxenitic 

rise to the typical "black turf" soils with a similar 
to the fresh rock Lombaard (37, pp. 48-50). 

UNDERGROUND WATER SUPPLY. 

are hardly any perennial springs. As regards borehole 
Du Toit (2, pp. II7- u8) mentions that the h~ rd speckled 

",Hl11t: " norite " commonly displays fresh outcrops flush with the 
or with just a foot cr two of soil, so that it is often difficult 
a site free from solid r .ck, consequently borehole failures in 

. .vU.lld.UU>ll are many (usuaily over 45 per cent.). Supplies when 
are usually at shallow depths (less than 100 ft.) The quantity 

well under 30,000 gallons. Du Toit points out that in 
~.lla.DaSlC sheets associated with the norite far better results are 

in spite of the fact that the rock itself is tough and hard. 
due to the greater depths of " weathering" compared with the 

types. 
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The boreholes in the diabasie sheets are also shallow 
average yield of 25,000 gallons per diem though several 
gave yields of 50,000 gallons or over. Excepting the Marico 
the percentage of failures in the diabasic sheets is low (about 
cent. on average). 

QUALITY OF WATER. 

As mentioned, there are no perennial springs on the u",,,,, 
of the Bushveld complex, andborehole supplies are scanty 
the diabasic zones., 

The author was therefore able to collect only 15 samples 
and borehole water,; from the Marico, Rustenburg, 
Lydenburg districts of the Transvaal. The analyses are 
Table 6. Many of these samples are from the pyroxenitic 
the complex. 

The concentration of salts varies but tends to be 
high, averaging 44 parts per 105• 

T~e pH. of these waters is quite consistent and on the 
a veragmg 7' 7· 

The chief characteristic is the very high silica content 
averages 15·8 per cent. on the total solids. This is 
and serves to differentiate them from nearly every 
The only other formations yielding waters with such a 
content are the granites, but the granitic waters are 
in Na2COa or NaHCO a. 

At first sight the high silica in the basic rocks 
surprising for soda alkalinity is never present. Instead there' 
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 olH<';",\ 

as colloidal silicic acid (H2SiOa). 
The consistently high silica content of these 

explain~d as follows:-
Waters charged with CO2 attack rocks rich in 

enstatite, serpentine, and other magnesium silicate 
with the formation of magnesium bicarbonate and 
The reactions may be represented thus :--

(I) MgSi04 + 4C02 + 3H20 = 2Mg(HC0 3)2 + D9':)!"! 
(Olivine) 

(2) MgSi0 3 + 2CO. + 2H20 = Mg(HC0 3)2 + H 9.":""'3' 

(enstatite) 
(3) H4Mg 3Si•0 9 + 3H 20 + 6C02 ~= 3Mg(HCOa)2 + 

(serpentine) 
SimilC!-rly with other magnesium silicate minerals. 
The small amount of basic plagioclase felspar pr.esent 

rock gives rise to Ca(HC03)2' 
The ground water thus contains much Mg(HCO a)., a 

of colloidal silica, no Na2CO a and but little Ca(HC03)2' 

drawn up to the surface by capillary action the water tends 
MgC0 3 in the form of magnesite, mixed with opaline 
rule the magnesite rubble contains very little CaC0 3• 

In this manner the loose surface magnesite deposits 
Two comparative analyses are shown on page 55 to 

relationship between these surface magnesite deposits and 

'6 

1"0 

N'7 

1'7 

1'0 

1'7 

J'o 
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'°4 

·6 

'9 

'0 

'4 

'9 
.. 

'9 

'7 

'0 

445 

SI ·6 

46 'S 

49·8 

3'3 

46 '5 

3'3 

46 '5 

Nil 

6·8 

Nil 

Nil 

0'4 

I' 4 

Trace 

Under 
0'5 

I 
7'9 

I3' 2 

3'6 

3 6 '0 

2'7 

Trace 

Nil 

96'0 

6'4 

90'0 

I : 10'0 I 



TABLE No. G.-NORlTE. PYROXENlTE .· • .ND OTHER HASIC ROCl(S OF "HUSHVELD COMPLEX' 

N1I111hnr.; .. 4'3 4'4 4'5 30 , 3°, 3"3 302 305 32 <) 7'J '1"7 145 452 +'" 53' Avcrago 

l'",.ls CaCO., P"" WO \\'(ttcr' 

J'" ... h pcr 10" of \Yat",. , 

(,,~ at SiOo)' 'l"~ 5'" b'o 3' 5 

Trnc<: 
Fhwri<\{"., (a~ F). -:-.~:.~::-·~·.---i-.:~!--.~:--.~ .. ~.-;-----:::: .. ~.'----~-;--~-i~~- " .. ! __ ~_ .. l'il 

• Indicates Pollution. 



54 DESCRIPTION OF SAMPLES IN TABLE No. 0. 

S~t.le ])i~[rict 'md Province. __ .~~~~_ Locality. Dcscr'l'tioll and RClllrlrh. Dale. 

Feet. 
4<)1 Lyd"nbur;:. Tr;).n,vaal.. Bo[eho)" in SlcclPQ"rt. (Anal. Govt. L,b.) {diabasic ;one).... )(1~2 

_': ___ ._:~~,:._:;:: __ :_~~ __________ : ___ ._._:~~~ ____ ~_C~:C~:~C-~~~-~~-~~;.C: . 
. F' Ly<1enlmrg. Tran~vaa\._ 

·1'3 Ly,l\:nhttl;:. -r,·"""·,,,d .. 

41.1 I.yd"nl)l)rg. Transv""l. 

Borch"ic nC"r Stcdp,,()rL (1:r. Oc\.:cl'sc·s report. Anal. D.eS.) 

wen at Union Corporali"" Chrome )1,,,<:. Gl'o(ltl",(;k !71. 

1<).1' 

July. 
91.1' 

·P.~ Ly<kn\"',,\. Tr""~,·:,,d. \·~o Hor<'llOlc at i\lc>"'hock 1.17. nc"r Sleclpoort. July. 
1<).1 1 

7" H"~:,,nburg, T~.\1I~·:"al. l~() BordlOlc in Rustcnhurg. ,,~ed "t Power Sl"tion_ .. 11>/ 3/3<:> 

.~"7 Hl!~t"nhU!c:. '1',-""",,,,,1. Hord!o)" Q)) ),,,in I{oad [" ]{nsknbl'Tf:. 3 mile:> North "r C"mm;~"j,· 

---:---
.>OS H"~I,,"h\lq~. T'-:ln~v:",L 

30 .1 l{\l'\enhur~. Tr"n~v,,,d. 

J03 Hu~t"nbl!rg. Tntl!~v":ll. '0" 
-,,)2 Pl'{:\",·ia. T'-""~\'""L 

3Z<) )'rdoria. Tr,l11oV""I. I~O 

____ rJ-(;:~~~~:;,~-:--~-~~~~~~- (A,W. Hnst"nll\1-;;;-~'-~ 445 

.j;;2 Polgictenru._t. Tralls,·a"l.. 

1}S __ _ "l"ri~(l, \V(:s\crn T[ausva~l. 

1)r;[t.. 2:-)/12/.\<) 

Brm::hole. Sh",rm:ms)",;,) (J)""mspruit ~7:-»). '.1 milcs Xorth o[ 
H\!~t"nb\!l'!:: 

"",-en"", on ""un "oau '" 1"lrlnbc"~tp"01'l, .> mil,,~ E,,"l of 

:~S/'";'JQ 

Krn'-'lldat. '7/'~/.!O 

Borclwle. 7 milcs South-East of ;\larik'l1la on ~bin Ho"d to D~m 17/U/.l'-' 

Borcholc, 5 11l,h;s \Vest o[ H"rkbce~tp"ort )lam on i\'l:l;n l{o:l<i 
to l{ust<:nb\lrg:. (Hcs;(!cncc J. l'icn~"l').. '7/12/10 

----------i-- --
U{)rnIWic, r",mcncc I.\- miles )1orth of \\'ond"dmom. ,1/ ,,/.11 

_, B'm:h'~ at Sw",-tk"i' Cil'-"m~ i\iin<:s. ~ miles ~~_~:_~ __ ~._::"~_~t~~"\~~L'2'~_'-'_'~~ __ 
130rchol" ;11 l'()tgid"r~rust. Wc>'t of St~ti{)n .. 28jl()h' 

-----:.----~ 

I Spri"g on /-lrakfou[I'in 3()'. l\o,-th of ZI'en1s;;. ')/ 5/1". 

1.~M agncsite 

both tl
and ( 

~triking 
is the higl 
salt,;, w11ih 

_ In this re: 
i;,dcscribed hcreaft( 
, .~ howcve 

of an aln 
whereas t1 



55 
r.-Magnesite rubble from Steelpoort Valley West of 

analysis was the average of 10 samples, while the sample of 
from the same vicinity. There is 92'0 per cent. MgCOa 
the rubble and a small amount of opaline silica. 

2.-Surface magnesitic deposit from Brakfontein 307, 
Marico District (analysis on dry basis). This deposit 

the, immediate vicinity of a spring, the analysis of which is 
comparison. 

water in both the above samples consisted mianly of mag
bicarbonate and collidal silica. 

Sample No. 1. Sample No. 2. 

-------'._-. 
, 

I Water Water 
I Deposit Percentage Deposit Percentage 

I 
Percentage. on Total Percentage. all Total 

Solids. Solids. 

I 
4'6 14'0 18'0 () . ".' ., 

.. , ..... 0'9 6'20 

I' 9 7'4 0'36 I' 2 

. . . . . . . , . . . . . . . . . . (3 . 38) (13' 0) (0·64) (2' IS) 

............. 43'8 28'0 4" 50* 4°'7 
...... .. . . . (92' 0) (59' 0) (63' 5) (84'0) 

.............. , .. Nil 5'9 Nil I' 07 
., ..... , Nil 1'3 Nil o· 10 

. . . . . . . . . . . . . . . . . . 48 '5 37'0 33'5 44'0 
... , .............. Nil Nil Nil I Nil 

99'7 99',5 6 I 

: MgO ......... I 23'0 I : 3'5 I : "5' 0 i I : 34'1 

J. Gray. Gov. Lab. G. W. Bond. I G. W. Bon,l. 

of the magnesium in this deposit is cOlllbined as magnesinm silicate. 

striking feature of the waters from the basic zone of 
U1l11J1eX is the high temporary hardness, averaging 78 per cent. 

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 

on:lpc)se:d of an almost equal amount of calcium and magnesium 
whereas the waters from the basic plutonic rocks of the 

consist almost entirely of magnesium bicarbonate ptus silica. 
dolomite waters the ratio of CaO : MgO is I : o· 9, but in the 

the average ratio is I: 4 '4. In one C3se the ratio is I : 18· 0). 
great preponderance of MgO over CaO in the waters is to be 
for the reasons previously shown. 

are consistently low, avemging only 6·6 per cent. of 
solid". In only one sample (No. 452) was the Cl figure at 

and here pollution was obvious from the high nitrate and 
figures. 

are exceedingly low, averaging only 0·8 per cent, 
.vU'.«H permanent hardness present must therefore be due to the 

of magnesium. 
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The fact that there is never any soda alkalinity is not 
in view of the low alkali (K 20. Na 20) content of the basic 
basic rocks, as brought out in the rock analyses cited. 

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

It must be emphasised, however, that, since these water, 
such a comparatively high silica content and further consist '" 
of magnesium carbonate they offer special difficulties in trE:atl:rf, 
certain purposes. They can be used for all domestic and 
purposes and, after appropriate treatment, for steam raising, 
engine water and for general industrial purpo,'es. 

Like other temporary hard waters in Group C. the high 
hardness of these waters mitigates against their use as a CU'UH.Il~+ 
unless treated. 

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

Even Clarke in his classic " Data of Geochemistry " 
gives no analyses of mch waters, but refers to the action of 
waters on peridotites and serpent in cs as producing mtl[y~WS:!Uln; 
bonate and opaline silica. 

Lindgren (35, p. 42) states that where magnesium 
abound the underground waters are richer in magnesia 
and this substance may even equal the calcium. No reference 
to high silica content, and no analyses are given, 

IX.-THE WATERS IN THE ROCKS OF THE 
WITWATERSRAND SYSTEM. 

Although the Witwatersrand system is of such vast 
importance on account of the auriferous conglomerate 
upper horizons, it is of very little importance from the point 
of this study. This is on account of the fact that the system is 
to the Witwatersrand, though there are small outcrops of 
in the E:lerksdorp, Heidelberg, Greylingstad and Vredefort 

Further, the whole Witwatersrand area is supplied Ll __ .~,. 

Rand Water Board systems with treated water from the 
and therefore the underground water is of little interest to 
a" a source of supply except to one or two breweries which 
borehole water from the lower Witwatersrand shales, that 
particularly suitable "ince it contains CaS04 and has a 
hardness. 

The comparatively few boreholes in existence are mainly 
in the lower horizons of the Witwatersrand formation and 
polluted. Boreholes situated in tbe upper division of the 
system are almost invariably contaminat<::d wlth mine wo.lC.tO 

Furthermore, boreholes in the central part of the. 
nesburg from Braamfontein to Doornfontein and Dt'£UIU"WN".~, 
are not located in the Witwatersrand rocks, but in the 
lavas. The numerous boreholes in the Northern mburbs 
Old granite, and these yield WIT pure water. 
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account of these facts the author has not studied in detail 

arising from the Witwatersrand rocks. However as a matter 
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 
for both zones is under II parts per 10 5

). 

is the case with all pure waters, the pH. is always on the 

total hardness is never high, and permanent-hardness generally 
the temporary hardness. 
waters fall into the author's pure waters Group E. 

THE WATERS IN THE VENTERSDORP VOLCANIC 
SYSTEM. 

waters arising in this formation are of some importance to 
, for the rocks of this system underlie very large farming 
and there are also a fairly large number of small towns 

on the formation. 

DISTRIBUTION AND RAINFALL. 

formation can be divided into several regional groups:
Annual 

Rainfall . 
(a) N01'them Cape Province-

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

(b) Western Transvaal-
The Schweizer Reneke, Christiana, Bloemhof, 

Wolmaransstad, Klerksdorp, Lichtenburg 
and Ventersdorp districts .......... , . . .. 15"-25" 

(c) 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.. . . . . . . . . . . . . .. 30 "-35" 

(d) Heidelberg District-
The area West of Heidelberg, known as the 

Suikerboschrand, and to the South-East 
including Balfour and Greylingstad...... 30 "-35" 

(e) A small patch in the N orth-E astem M arico District. 

GEOLOGY AND LITHOLOGY. 

. volcanic system has. been divided into a Lower or Zoetlief 
and an Upper or Pniel (Ventersdorp) series.* In this study no 

:entiaticlll has been made between the two series though the large 
of waters shown in Table 8 come from the Upper or Pniel 

Zoetlief series consists mainly of acid volcanic rocks such as 
:z-]POl-pl1lyri'E ~s though there are some amygdaloidal trachytes and 

as well as volcanic tufis, breccias, quartzites and shales. 

investigation by the Geological Survey indicate that the Zoetlief series 
a much older formation and is unconformably overlain by the Ventersdorp 

system_ 
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The rocks of the Ventersdorp system that overlie the 

series are predominantly of basic lavas, volcanic tuffs and 
with tuffaceous quartzites, grits and so on. There are but a 
lavas. From the point of view of this study the chief 'AI'~I".q~ 
is the basic or intermediate nature of the igneous rocks and 

The lavas are generally blue or green diabasic types, 
places highly amygdaloidal, the vesicles mainly filled with 
chalcedony, the latter being red or vermilion coloured. The 
is generally a plagioclase, usually very much altered and often 
ritic, while the ferro magnesian mineral is augite, also U~U"l1y 
altered to uralite, chlorite, etc. 

The lavas produce a red loamy soil, which in the more arid 
is covered by calcareous tufa. 

The tufTS and breccias consist of fragments of lavas 
fragments from older rock formations with a matrix of much 
posed igneous material, of a basic nature. 

Only two or three analyse" of the Ventersdorp 
Lavas appear in the literature, while there are no analyses 
Ventersdorp breccias and tuffs. 

These analyses are given below togetllP.r with three recent 
made by the author of breccias and tuffs. 

ANALYSIS OF VENTERSDORP AMYGDALOIDAL LAVAS. 

I 2 3 4 

SiO, ......... '" . . ... 53'00 54. 85 63'64 55'38 
Ti02 · . .. , ... . . · . · . · . 0'95 
AI,03' .... .. · . · . · . · . · . "9'70 "S' "S 2~981 
FeZ0 3 · . . · . . .. · . · . · . w'93 1'30 28·62 
FeO ... · . · . · . · . 2·88 9'60 

;'-10 J MnO .. · . · . Trace 0'06 
MgO .. 4'0 4'30 3'25 3'62 
CaO ...... · . · . · . 7'20 7. 80 4'00 8'40 
K,O ....... · . · . · . · . 0'79. 1'50 1'30 0'98 
Na20 ...... · . · . · . · . · . 0·82 3'05 1·87 1·65 
P,O,. .. . . . . . .. · . . ..... Trace 
Cl. .... · . · . · . · . · . 0'°3 
FeS2' .. ." .. · . · . · . · . · . :'.~ 25} H 2O-I-,,·· . . .. . .. "40 

.':.:.9
8

} 
o· 10 

H,O- ....... . . .. . 0'58 
CO2 , •• ...... · . ... .. . · . 1'20 0'24 

TOTAL ...... · . 99'57 99. 80 100'22 99. 66 
.. 

I I : o· 55 Ca0 : MgO ..... · . · . . " . I : 0'55 , 0·8 , : 0'·43 

Analyst ........... · . · . H, Bay. I J. Meerae·1 W. W. 

(I) Amygdaloidal Diabase, Klipriversberg Hills, 3 miles 
of Johannesburg. 

(2) Lava, Carsonville, Heidelberg District. 
Cl) Volcanic Breccia, on farm Elandskuil rIO, 5- miles 

Ventersdorp, on road to Klerksdorp (in vicinity of 
water sample No. 365, Table 8). 

(4) Amygdaloidal Diabase, Olifantsvlei 16, 19.8 miles 
Johannesburg (outcrop not far from water sample 

(5) Tuff from a borehole, B.ietfontein 18, 7 miles N 
of Benoni. 

SHALE 

Sample] 21 I 5: 

-------·1---
Part 

Methyl ( 5'2 

Total H'I2'2, " 10 ____ ... ___ .. .1_ .... _ 
, ",' Pcrmane 7' 0 i) 

Tempora 5':2 :, I 
~ .... -_._ .. _L __ 
H d ( ar nes: 5' 2 3 

Hardncs: 7'~) () 
--~----..... '-.. ~ ... 

Soda All Nil I N 
" '-' -' --=-1= 

Pi 

Total 80:18'0 

Silica (a 2' 5 

Fluoride 

Nitrites. 

16 

Tra 
---.~-----

Nitrates -. 
I 

Chloride, 2' 4 1_---1 
SulphlttESmall 

mount; I' 
--~-,----'--.---

Potassiu 

Si02'::_~~I __ 5_' 

II' CaO .... r6·0 I 
!---'-

lIoIgO .... r6·0 I '7' 

CI.· .. ·~~-II 8. 

SO,!, ... frace '0 . 
---__ -1--

SOda All Nil I Nil , 
Total H:67'5 I 63" 

~ern~H40'0 ! 55" 

Temp. Fz7'5 ' 8·( = .... ".. . I, .. 
Ratio C': I' ° ! r : I 
====-=-~ .. --.-.... 
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QUIo.R"rZlTE ZOSI';';. SHALE ZOl<ES. 

SaOlple '"''''''\>0,'''' 12:-; "\.~ ,,5·! 577 571> 579 'So 56~ Avcrage 

Part, ("~CO. i"" 1<>" \V,\t",. 

"'klhyl Ora"!:,, .\)k"lilli~y_ 5'" n- .> o· 5 'i'" 

1'(' s· S 

,., o· .'i 

.;." .1'" 7' 5 s· ~ I' 5 '·3 , ., 
_ .. _ .. -:-.. -

'[ol,d n,mln"ss .. 
~~----

s·~ .,.r, s'" , . .5 .\'.'i 1~' ~ 

:--;il ~i- "i] 

'I' 3 
!_-_ .. -
. S·S 1<).:> l'C\"l11'lllCfl[ 1 !,\r(h",~s .. y~ ,'0 YJ 

o· 5 S·" 
"--i---' 

.j','; .~.~ Tenl;llIra1"r Hardnes~ .. 5"0 ,'0 I' ;, 

Hanhw~~~ <in" to Co, Salts .. 1'1, (\'.0 5'" 

lhnh",." d",· to> "-I;.: Snlb .. ~.,. n'" 7'0 ("'J 

Soda Alkalinily. 

Parh pcr ro· of \V"tcr. 

(.,. Nil'-'r'--K-il ...... ( . Nil-·'\i ..... "Nil" "'r"'''';'';i''''''('-';;ii "1
,
' Nil'" "il-' --'~ . .5 .... :,' -;:~'----T ... :Nil""'T"'" 'Nil" "'1" ~"~-;i" '~'-r"'" ~jl '. :." 

.,-.. ~. ·~·~I-··-· -.~.-,-. -_. _. ~. -,_. ~,-.~. -1-··_· ~····II-· _._,_._ .. _. --, --;_. ~~;~-;~~.--
\ ' i ! ! : , ,I : ' : . ! 

Total solid" at, (10,';"C). .. .... i r4'3 5'5 6'0 i 9'0 2'9 s· :; 7'0 IS·" If,·" ~t·o 10'';: 

Silica (as at SiOJ. 1 l'S 0·6 -~'-.----. , -;_._._-------
F1uoridc..~ (as F). i Xli >';1 '''~i'l'-!--'' 

Nitrite" .. 

Nill';).tcs (,,~ ':\(
0
), ---_._--_. ,.- ._._ .. ,---_ ... 

Chloride, Vi." \.1)._ 
---.--.. ~--. 

Su1l'h"tcs \"" "u,). 

l'<Jtas~i"m Salls (as K). 

j",rc(:n\;l):c ,,,, T<>(a) Solid, 

SiO,._ 

CaO .. 

11!;O. 

CL. 

SO,. 

,,·oH 

0' 7 

Tr"c.:: 

;\:il Kil xn 

TnlC(' Trac<-
----

o'~' ,'0) 0'4 
. ----.---- ----;---

Trac" 0'';: Tr<1cc Tr<1C(: 0'';: 

0'05 Trat"c 
Small 

Amonnt 

,.0 

--'--~--- , 
Soda Alkalinity {as :"""CO,). '-:-::'-':'_~I . ________ ; ____ _ 

1 !ardnc~~ {a:; C"CO,i .. 

- 1',,11,,(,;,\. 

'·3 

0'2 

2'<)5 

10':-; 
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DESCRIPTION OF SAMPLES IN TABLE No. S. 

Sample 
"0, D;~lricl and Provine.;,. Locality. Description and Rema,)". 1);1t,,_ 

--.-'~~ .. -······--···-····-·I--~-·'--~-~-
: i Feet. I 

Borc .. _.~ 
Depth. 

: Heidclb(,rg. Transvaa.L ..................... 'I .- !. Borcholc:. ~'5 milc.~ \Vcsl.SOul~1-WC5t of HcidC."~. rg on road to i. . • 
I Vcr-CCn1gl!lg. (Lower Quarl>.1tes). I 15/ 9(.jO 

i Roodcpoorl, Tran~vaa1. I "'~"- 'I Borchoic. -}-milc South of Hoodepoorl Stali~;:·~~~}.rai;-Hccl ~----

,,' 
227 

", .. =!. J01=:""'h"';~'='"c~._.__ ·i:~~.1 B:;;:~:~":;;~;:~~;~:,,~~)"-:J~~h', "~'''I;flJm':"",h;~~-,::: :;:: 
554 joh:mncsburg. Transva"l. 

'-- ~---.--.---.. -.. --- .--.-----.. !-~. 
577 Johanneshurg, Transv:l:ll. 

-~.---.----.~ .. --.'"~.-'".---... -.-.-
573 : Johannesburg. Tr:ln~vaal.. 

----... --i __ . ________ ...... " ... ____ . _____ . 
579 Johanne~lmrg. Tran","aal. 

~-.~! Joll"~nesburg, Trnnsvaal. 

--~-.---

l2.7 Johannesburg, Transvaal.. 
~----

m Johannc,hurg, tra1)~Va'u .. 

55' i Johannesburg. Transva."ll. 

55() r']01,anne3hurg, Transvaal. 

iBorehOlc, l.lpp<:r Link~fidd. ]oh"nncsb",;;. (Orange Gro~'" 
I Quarlr.ites) ........... ' ... . 

·IBorehOle, on Stand 848/9 R()s~tlc;;"~I]( (Upper Quar!;-,itcs.) 
("nal Govt Lab Johannc,burg) 

! Borcholc, Lower Houghton~R;dgc. (Orange Gro~.~Q-;;~~:7.itt's.) 
, (Anal. Govt. Lab., Jolmnw:sburg) .. 

27/7/35 

7/ 7/n 

. .10/ S/33 
i---

I-IOreMIC, Ber".... ("i~~;i~~1-i1iii~i~larl7.itcs~;--0\naL Go~.-;."-l~i~.: 1-----

Johannc~burg).. 6/ -1/34 
.-=-c-c:--c-.. --.--.. ~--.. -

Boreholc, on Stand ~oo~. (Shalcs 1) (AnaL Govt. LItb., Jolmnnes-
burg). ' i 23/ '~/34 

Borehole, re~idenee '.N_ Trc<lrc, Parktown. " (l{o~pi;~lH;ii Slates) (--;-0';/39 -
._-------_._-:-----

i J)OI.·cnQiC, vIlIsson's Hrewnrie~. (l-Iospil'll Hill Slatc~_) (Anal. , 
i MeLaehla" & La7.ar)......... "/10/33 

i~ ---~~.--"".-~------.------ .... -.-... _------_ .. 
"'''' in Saratoga Avenue, Doorn:onte;n. (Govt. Ree! Scr;c~). 

.~;-------"---------... 

june, 
'9·12 

! Boreholc, \Vnltcr i\bn~;"n~, EloIT Sl(ecl (jcPI'",t()\\"n Shales.) ,"'larch. 
I (An"1. Govt. 1---..1>., Joh"-mw~h"rg). J()_], 

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

56~ JohanneRlmrg, Trano,·;c;cl. ~._____________ __~' !~'I;{I~;~~~;).:~~~::5~c~;~~t_ ) i:;;;;'.'."J';,t;.~;;::;b~',~.~)::· \' t<)~j.'~~: __ ~!34 
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far as this study is concerned the chief point of interest in 
analyses, is the general predominance of CaO over MgO 

low KzO and Na 20 content. The low alkali content of the 
tuffs and breccias is to be expected owing to the decomposed 
the matrix of these rocks and their detrital origin. A higher 

;onxerlt in the basic lavas might be anticipated in view of the 
labradorite plagioclase felspar is present, but, as afore
the felspar in these rocks is not fresh and is usually much 

As will be shown later, both the CaO : MgO ratio and the 
low alkali content of these rocks have a bearing on the 

of the waters derived from them. 

UNDERGROUND WATER SUPPLIES. 

the Zoetlief series, which is limited in extent and mainly 
to the Vryburg district and consists, as already mentioned, 

tough acid (rhyolitic) hwas, the supplies of ground water 
poor (about II,OOO gallons per diem) and the percentage of 

very high (about 3I per cent.) according to Du Toit (2, p. 107) 
(3, p. 53)· 

the other hand, the Ventersdorp system proper is regarded 
PY1'rPlTIP]y important water-bearing formation. 
:XCI~pt for a few hills like the Klipriversberg and Suikerbosehrand, 

basic la vas and the pyroclastic rocks give rise to 
'11l1trV, and "run off" is consequently very low. This fiat 

has been extensively drilled, consistently furnishes water at 
depths, and drilling is fairly cheap. Dut Toit (2, p. 108) 

the following average figures :-
Yield 21,000 gallons per diem at depths of about 70'-95', with 

15 per cent. failures. 
Toit mentions that there are a few boreholes with capacities 
75,000 gallons per diem. 

QUALITY OF WATER. 

already stated, the majority of the samples are drawn from 
under"laI'n by the basic lavas and volcanic breccias, and to a less 

by volcanic tuffs. 
water samples have been taken from the following districts :-. 

Kimberley, Klerksdorp, 
Barkly West, Ventersdorp, 
Mafeking, Heidelberg, 
Bloemhof, . Germiston, 
Wolmaransstad, Johannesburg. 
Lichtenburg, 
formation therefore has been well covered (Table 9). 
concentration of salts is moderately low, averaging about 

per ro 5 and is fairly consistent, though, as would be expected 
nc(ont:ration of salts shows a tendency to rise in the more Westerly 

which as already indicated, have a low rainfall. In no ease 
, was the concentration of salts very high. (The maximum 
parts per I0 5). 

is never high and expressed in terms of the total salts is 
'Cm,Qlctpnt, averaging 8· 5 per cent. Si02• 

1"'-HiF" are very seldom high even in the more arid westerly 
of the Union. Expressed as a percentage the content is 

averaging only 7' 4 per cent. Cl. 
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This figure is interesting for in the Western Transvaal and 
Cape Province" outliers" of Dwyka tillite give rise to " 
which contain highly saline waters (brine) in which the ,-,ll,LULl\, 

extremely high, and the ~ulphates high. 
Boreholes sunk in the Ventersdorp lavas surrounding 

strike fresh water which is relatively free from chlorides and 
In fact, in one of the salt pans at Britten there is 

phenomenon of a number of boreholes sunk in the pan 
brine solutions, while another, but deeper borehole, in the 
yields fresh water. The explanation of course, is that the 
boreholes are all in Dwyka tillite, while the deeper borehole 
its water supply from the underlying Ventersdorp lavas. 

In the author's opinion the above facts refute the th,'n,. 

the salinity of the Dwyka waters is due to windborn salts 
ocean. 

This matter is discussed however, when dealing with 
waters. 

Sulphates are nearly always low, and average only 2·6 
SO 4 in terms of total solids. 

Fluorides are occasionally found in very small 
generally the Ventersdorp waters yield blanks or mere 
highest figure found was only o' 5 parts per million. 

In nearly every case calcium exceeds magnesium, 
ratio being I: 0 '78. This is not surprising, for as already 
the Ventersdorp rocks show more calcium than magnesium. 
carbonate or bicarbonate is seldom present. Instead there is 
a small permanent hardness, which averages 4' 9 per cent. 
total salts. 

Now it will be shown in a subsequent section that 
rising in the amygdaloidal basalts of the Stormberg System 
terised by their high sodium carbonate or bicarbonate content. 
rocks also contain labradorite and other" soda" plagioclase 

At first sight it is somewhat surprising to find that 
of waters from the somewhat similar Ventersdorp m\T"dlal()id~ 
show no soda alkalinity. The writer offers the following eX",ld,l1ct. 

In the Stormberg amygdaloidal lavas; the 
generally fairly fresh so that there is more fresh 
pO.3able material from which the carbonated waters 
out the alkalis. (This also applies to the Karroo 
On the other hand, in the Ventersdorp lavas, we are 
with a very ancient rock system, infinitely older 
Stormberg basalts, and, as already mentioned, both 
and the plagioclase felspars in the Ventersdorp 
generally highly altered, so that the present alkali 
as shown is low. (Compare the analyses of V'en'ter:3do: 
given previously with those of the Stormberg 
later), Another fact is that the vesicles in the 
lavas are generally filled with quartz or chalcedony 
Stormberg lavas the vesicles'are quite often filled with 
zeolite minerals., Furthermore some of the Storm 
carry the soda-rich mineral nepheline. 

The total scale-forming compounds in the Ven'tersdl~q 
are very high averaging 74 per cent. CaC0 3 while the 
hardness compounds, Ca(HC0 3h and Mg(HC0 3)2 average 
cent. CaC0 3 • 
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2' I 
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waters can be classified therefore as carbonate waters 
hard waters) and the chemical treatment required to 

suitable for industrial and electrical power production 
discussed under Group C. 

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

WATERS IN THE DOLOMITE SERIES OF 
SYSTEM IN THE TRANSVAAL 

CAPE PROVINCE. 

THE 
AND 

Dolomite series is of great economical importance, as it is 
water carrier, and for this reason the author has devoted a 

erawe amount of study to the waters arising in this formation. 

DISTRIBUTION AND RAINFALL. 

Dolomite series cover8 large areas in the Western and Central 
and to a smaller extent in the Eastern Transvaal. It forms 

of a large basin encircling the Bushveld region, and stretches 
Mafeking in the West to Pilgrims Rest, Sabie and Carolina 

East. The North-Western and South-Eastern sections are 
coverings of younger rocks. A smaller belt stretches 

'po,tcl1eistroojm to Vereeniging. Large areas of the Northern 
,mt,lllto,'y the Kuruman, Taungs, Barkly West, Herbert and Hay 

are underlain by Dolomite (whilst the limestone beds of the 
series of the Cape have been correlated with the Dolomite). 

towns or villages lying in the Dolomite are 
Postmasburg, Griquatown, Campbell, Taungs, Lichtenburg 

otc,;pj'PT';rll~t, but Mafeking and Pretoria derive their water 
the Dolomite. 

annual rainfall varies from IO"-ZO" in the Northern Cape, 
in the Lichtenburg, Marico, Ventelsdorp, Potchefstroom and 

llgjll1g Districts, to 30"-40" in the Pilgrims Rest and Carolina 

variation in rainfall (as will be shown later) has a considerable 
mr,nn the concentration of dissolved salts, but no effect at all 

composition. 

GEOLOGY AND LITHOLOGY. 

Dolomite series lies conformably on the Black Reef series 
too thin, or restricted to be of interest to this investigation. 

lol()mi't:e series is mainly composed of a series of magnesium 
generally of a bluish colour, but weathering at the surface 

,: brownish crust, due to hydrated manganese and iron oxides. 
are common, particularly in the upper beds. Thin 

under the microscope show the dolomite to consist of small 
of dolomite set in a mass of calcite. In places the Dolomite 

secondary silification. 

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

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

(3) 1rene, Pretoria District, Transvaal (Analysis by G. H. 
Stanley). 

(4) 12 miles 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 m British 

Museum (Analysis by G. T. Prior). 
(8) Outcrop South of Maloney's Eye, district Krugersdorp, 

Transvaal (Analysis by G. W. Bond). 
manganese and iron are present generally as carbonate.) 

composition of the dolomite itself appears to be very consistent 
by the typical analyses (excluding, of course, cherty layers 

dolomite, "cave limestones" in caves in the Dolomite series, 
(,;a.ll,;dlt()U' tufa lying on the soil above the dolomite). The ratio 

to MgO is usually very consistent averaging I: 0·65. 
drier regions, i.e. Herbert district, the formation is covered 
rp(m 0 tufa. 

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

WATER SUPPLIES. 

The dolomite rock is compact and impervious, the porosity 
Irm.ng to Wybergh (r6) varies from 0'0 per cent. to o· 3 per cent., 

from the water drilling point of view, the dolomite has a 
name. Frommurze (3, p. 83) however, has shown that in spite 

bad name, the average results obtained by boring are higher 
in any other formation, though the percentage of failures is 
LlH"C;,"~ high. This is due to the fact that although the porosity 

rock is low, the abundance of joint and solution channels in 
dolOllll'1 :e enables great volumes of water to be held in the dolomite, 
all the large perennial rivers of the Transvaal have their origin 

over flow of this water, while there are many large permanent 

in other limestone terrains, the solvent action of rain water 
t,ainin.g a little carbon dioxide gradually dissolves out huge cavems. 

success or otherwise of a borehole is thus dependent on whether 
a solution channel, fissure or cave has been struck. 

D .. ~.__ gives the following figures ;-

-- --

i A vcrage I 1I 

I yield I Average i Percentage 

I 
in gallons depth, I failures. 
per diem.. li 

-_ ... _ ........... --' ..... - .... _---_._--_._------- -- -~.------- .... _.-._---- !_----_ .. _-_ ...... -!-.---~-.--- ----"-.. --.. -.~ 
Springs, Pretoria, Witwatersrand, \ ! 

~~i~~:~~ia~n::ld;~v~1ereeniging Districts, ...... ,' 11 y),OOO 85 Klerksdorp, Ventersdorp. Lich- ! 

P,ustenburg a.nd Southern 

I7'O 

33,000 77 3°'5 
Hay, Taungs, Hcrbert, 

Districts ........... . 
n n<d'c';, hmcp' and Western Marko 

25,000 11:2 

21,000 99 so 
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As regards the numerous large springs issuing from 
everywhere, Frommurze states that they range from 
13,000,000 gallons per diem. 

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 
Cape. A list of districts is given below. The results are 
Table 10. 

Except in the case of waters from the more arid regions 
Northern Cape (Herbert and Barkly West districts) the C,V,llC,C;ll 

of dissolved solids is very consistent, round about 20 to 
per 10 5• In the more arid regions, as shown by samples 
IrO, the concentration goes up to 75 parts. The average 
samples is 34.8 parts. 

Silica is always low and averages only 6· 5 per cent. (as 
the total solids and never exceeds 10' 5 per cent. 

The pH. is also very consistent and has the high ~"'pn",(, 
of 7.8 per cent. In fact the Dolomite series is one of the few 
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 

SO 4 in terms of the total solids. 
Fluorides are almost entirely absent, only occasional 

observed. This, of course, is not surprising for the Do>lormt( 
not normally contain fiuorite except in veins in the Dc)lOlmit 
Ottoshoop, Western Transvaal, associated with lead and zinc 

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

Sodium carbonate or bicarbonate is very rare, being 
only one of the samples examined. Instead there is nearly 
very small permanent hardness which, however, only av,,,.,,,,,,,, 
cent. of the total solids. On an average 91 per cent. of the 
salts consist of scale-forming compounds of which 87 per 
bicarbonates of calcium and magnesium; thus these are 
" temporary hard waters". No other formation has yielded 
found with such high percentages of calcium and '11<"IO"<::"."'J.ll 
bonates. 

Frommurze (3, p. 77) appears to infer that rain water, 
with carbon dixode gas, tends to dissolve the lime in 
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 
by the 8 typical analyses given previously, is I : 0·63. Now 
all the water samples there is very slightly less MgO than 
in a few cases there is actually more. The average ratio of 
MgO is I : o' 94. So that, although there is a good deal 
than MgO in the parent rock, the amounts present in 
derived therefrom are nearly equivalent in amount. When, 
more than a certain amount of carbon dioxide is lost, 
tends to be deposited from the water in nearly pure ~~.,rl" 

shown by the analyses of calcareous tufa (page I3), the 
bicarbonate remaining in solution. 
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10 DESCRivriON OF SA:'1PLES i~ 'fABLE :Ko. 16. 

Sample District and Province. 
No. 

~ 17 Hcidolbcrg, TransvaaL 

Transv,,--..l.. 

"Dore:l;o,lc I Locality, Description and Remarks. I1 Date. 

1

- ::,',' !I . 

_ _ Borcholc, " miles East of G!(mroy on Main Road, HCidclberg-1 
1 ___ 1. Johannesburg. . .......... , '5/9/4" 

60 I Borcholc on johanncsburg-Heidc\berg Main Road, I5 miles: 
'I South_Ea.st of JOhannosburg ....•.......................... 1 18/ &/4(} 

~1'1 

I nc'o",""" 

Heidel(,(,rg, Tr"llsvaal.. 7S 

2)5 

bllrg .................................................... LIS/ 9/4" 
2' } I Germistoll, Transvaal .. $0 I

, EordlOlc on Vla],plaats: 313. 10 miles South·East of Gcrmiston. I IS!,8/10', 

Borcholo at " Dam Tea Room," S miles, South-East of ]ohauncs_ 1 

1')1> _ I ]oh,,-nncslmrg, Transvaal.. 1-Borcholc, Jackson'" Drift, II miles South of Johannesburg.. I" ZI/ 8/4<> 

~~=I "'-la{ckin~. Cap~ Province.. i==! Spring water from Grootfontein, East of Mafeking 112/ 6/40 

73 Kuruman. l3Bchuanaland.. \ Bon::hole. {(umman Power Station.. ! 19/ '1/39 

--S'--rr>rct()ria, Transv;lal.. I-=--- Boreholc at Pincdene, 8 miles South of Pretoria.. .. L 26/ 9/38 

-'-;;;---'''1 Pretoria, Transvaal.. I~ Borehole, r mile South of henc, on Main Road to Johannesburg. 'L Z/IO/39' 

36 I Lichtenbllrg, Transvaal.. 1 __ -__ ' Spring, It miles East of Lichtcnburg. 120/ S/40 

______ Krugcrsdorp,TranSvaal., ........ _._._ .. _._1 Spring at i>!aloncy's Eye (contact with Pretoria Series).. ~ 
38 Krllgersdorp. Transvaal.. . "~..:..:..:.-.l Borehole at Zuurbekom. (Anal. Rand 'Water Bo<trd). . 

2~1 Pretoria, Transvaal., I Spring at Fountains (contact with Pretoria Scric.~). I '24/ '/40 

n(, 

16.j Ventcn;dorp, TransvaaL.. . ......... -~·~~I~·~~- 'Borchole on Zwartplaat, 5. <; miles ""orlh of VClltersdorp,. ! June, 

·1 i I .~. 
372 :' Kierl' .. Sdorp, Transvaal.. 1 I ~~~;~:~ .~~~~ .I.(~~~~~~r. ~~~~i.o.n:, ~~ .I~~!~~ .~~~:~_.~~t. ~: .I~~e.r.k.s., I ~~~~' , . I 

-;;;--rI1~-rbc-r~:' C~~)~~o-.. --- --1-----==---;_~~~~~~_ Kaap Plateau, near Campbell I -.00/39. 

HO 1 Herbert, Cape Province... I - i Spring on farm Tweefontelll: K"''\I) Plaleau near Cmllpbell 1"':3/10/39 

~-i Verccnigiug, Transvaal·· ---~ -1-- ::.- I Borcilo!c. 4 miles South-East of Dalcside, near Verceniging. 1,19/ S/.p 

01 25 . J- Zccru~t, Tr:'lllsvaaJ. -~J --~---I Borehole ;it Ottoshoop. (Dr. Ockenlc's Report AnaL D.e.s·},1 . 
I 1910 ID/ 9/4 1 

-~ .. I. Barkly West, Cape Pwvince.. ----~ ' .. - ! Wel! on f:mn "Hondfontein," near Gaa}> Siding. (An,,\. J"S'I! ;~.-
Gray). 1941 

-~:;-·-·-rl;;;-;:;;·;c~;~~~~~~·.·~:··~·~-t-~ I Spring, " milcs North_West of Potgictcrsrust.. .··~~~~-:-!-;8/ro/-:;-;-· 
~t Potgicter;;ru~" ,"m~v";u. -'---~I,-j3~rehule 01\ farm" Twill Valley Estate," North of Zebcdicla. \ i/ 7/40 ,"0 

16B I Hay, Cape Province .. Borehole ott Kapstcwc1, )1. SS, i'ostma~1Jurg. 3/IZ/4T 
---~;-----.. -------~--.--.-
__ ..:1J.·1_ .. i !\l;trico. 'frans\·aal. .. ...::.,:<;!.~_~~~:.l~~t.~ ,~!,i::0:'.,:; Xort~ of .!.:?,~~l. .----'~~."'.L. ~l:!.:~· 
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dolomitic waters, strangely enough, are very similar to those 
hard waters" derived from the Ventersdorp lavas 

previously, except that in the case of the latter, the total 
Mrn··lnJY salts average only 72' 5 per cent. while chlorides and 

O'h,I-1" higher. It is also somewhat similar to the waters 
zone of the Bushveld igneous complex already described, 

latter waters are easily distinguished by the high silica content 
of magnesium bicarbonate. 

dololnitic water is particularly amenable to chemical correc
treatment and limitations of use are dealt with fully under 

rbClI1a'te Water Group C. 

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

waters from the Dolomite series are perhaps the most 
in composition of all examined. This is not altogether 

tect.ed, for not only does thep2xent rock vary but little in com
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 MgCOs. 

Dolomite series is generally regarded as being of marine 
The calcareous depo~its 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 
limestones in the Dolomite, but he points out that algae 

in both fresh and salt water, and in cold or warm climates. 
presence of algal limestone deposits do not constitute direct 

any of such conditions. 

Table 10 it has been shown that both the chloride and sulphate 
of all the dolomitic waters is extremely low (Cl. 4'9 per cent. 

solids S04 = 1'56 per cent.). 

the percentage composition of these waters is compared 
of sea water, as illustrated in Table 27, (page 157), it would 

at first sight that the constitution of the dolomitic waters 
the theory that the Dolomite is of marine origin. 

must be remembcred, however, that the texture of limestones 
consolidation) is of such a nature that the limestone beds 

hardly be expected to retain connate sea water, apart from 
that a considerable period of time has elapsed since the 
of the Dolomite, which is believed to be of pre-Cambrian age. 

'he:ref()re no evidence can be deduced from the composition of 
lVU.llU water arising in the Dolomite in support or otherwise of 
~a,'·u,,, theory of the origin of the Dolomite. 

as will be discussed on page 77, there appears reason 
, from geo-chemical evidence, whether the Pretoria series 

follows conformably on the Dolomite, is of marine origin. 
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XI I.-WATERS IN THE PRETORIA SERIES OF 
TH.ANSV AAL SYSTEM. 

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 Namaqualand and Van 
districts of the Western Cape. Therefore the study has been 
to that portion of the Union where by far the major part 
Pretoria series outcrops, namely the Central, Western and 
Transvaal. 

DISTRIBUTION AND RAINFALL. 

The main outcrop of the Pretoria beds in the Transvaal i" 
the rim of a great basin stretching almost . . 
Marico district in the West to the 
the East. In the Potchefstroom district there is a smaller belt 
from Potchefstroom to Vereeniging. 

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

GEOLOGY AND LITHOLOGY. 

Geologically the series has been divided into three, 
Timeball Hill, Daspoort and Magaliesberg, in order of llc(;es:si01 
a large sheet of contemporaneous andesitic la vas in the lower 
of the series. For the purpose of this study, however, the 
regarded the series as divided into a number of units made 
or other of two contrasted lithological types namely :-

(a) Quartzite Zones.· 

(b) Shale Zones. 

The shale, and to a far less extent, the quartzite .6V"CoO, 

been intruded by numerous sheets and dykes of basic ig-Jlec)Us 
genetically related to the "Bushveld Igneous Complex '. 

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

The shales are very fine grained soft rocks, varying cOllS1( 

in colour. In places they pass into slates or flagstones. 
at their ontact with igneous intrusions these shales have been 
and metamorphosed into variou, types of hard schists (the 
being far less affected). The intrusive sills and dyke, are 
type (diabases). As will be seen later, these intrusive rocks· 
modify the waters in the Pretoria shale beds near the point 
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UNDERGROUND WATER SUPPLIES. 

to the investigations of Frommurze (3, pp. 95-1°5) 
, as a whole, may be regarded as a very good aquifer. Several 
rivers such as the Marico, Crocodile and Pienaars Rivers 

this formation. Numerous springs issue from dip slopes of 
ridges and hills and from the principal source of supply 

regions, though there are also numerous boreholes in both 
and quartzites. 

the quartzite zones the yield on an average is I6,000 gallons 
at depths of 80-II2 feet, the percentage of failures being 

cent. In the shale zones, the average yield is 12,000 to 40,000 
at depths of 5I to II6 feet, but the yield is much affected by 

[1<::,"1<t! metamorphism, caused in places by the igneous intrudons 
shales and, to a far less extent, the quartzites. The soft shales 

I:lalllg(~d into hard schL;ts and this has modified not only the yield 
chemical nature of the water. 

[i'f()mrtlllrz:e mentions that the contemporaneous lava sheet at the 
the series yields 17,000 to 36,000 gallons per diem at 27 to 
on average . 

also refers to the fact that the intrusive diabase 
often in a soft, friable, and decomposed condition and thus 

sponges, being full of underground water. These sills yield 
I,000-36,000 gallons daily at 83 to 93 feet on an average. 

QUALITY OF THE WATER. 

(i) Quartzite Zones. 
previously mentioned the normal quartzites of the Pretoria 

are composed entirely of quartz grains with a quartzitic cement. 
it would be anticipated that the waters derived therefrom 

be very pure in quality. Analyses of I4 waters made by the 
from borehole and springs, taken over a wide area, show that 
the case. In fact the purity of the waters, particularly those 

the mountain ,treams, often approaches that of distilled mater. 
exception of the waters rising in the Witwatersrand quartzites 

the Waterberg Sanoftones, no other underground water supplie, 
Union approximate in purity thoO'e in the Pretoria quartzite 

concentration of dissolved salts both in borehole and mountain 
water is consistently low and average" as shown in Table II, 

'0 parts per 105• 

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

,'WJ11<J.<::S show a good deal of variation but on average are about 
cent. in terms of total solids. 

Vll<Ht:S are present only in traces or in very small amount. 
,0d.iUll1 carbonate or bicarbonate was found in only one sample. 

there is nearly always a small permanent hardness, which 
13 per cent. of the total dissolved solids. 

scale-forming salts amount on an average to 54 per cent. 
40 per cent. are the temporary hardness-forming calcium 

bicarbonates. 
salts are nearly always present in excess over calcium, 

of CaO to MgO being I ; 1·86. 
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The collodal silica content is very consistent, and, as 

expected from a water derived from mch silic('oW" rocks, is 
high, averaging 16'3 per cent. of the total solids. 

Flnorides were not found in any sample tested. 
The waters in the quartzite zones of the Pretoria 

allocated to the pure water Group E, and the utilisation 
waters is dealt with under that Group. 

It may be stated here that these water~ are iminently 
for all domestic purposes, watering livestock and irrigation, 
their great purity renders them suitable for almost every . 
purpose with little or no treatment. 

(ii) Shale Zones. 
These waters, unlike those of the quartzite zones, show a 

siderable variation in concentration, but on the average yield 
with the fairly low concentration of 24 parts per 10 5 (see 
This is very low for shale waters. Both the 
composition of the dissolved salts are apparently largely 
by the presence or absence of igneous sills and dykes. These 
intrusions are not always observable from surface indications, 
cases where such bodies were discernable, they have been 
in Table 12. 

The pH. value varies considerably but is generally fairly 
averaging 7.8 per cent. 

Soda alkalinity is sometimes present but generally in very 
amounts (where high the presence of intrusive basic igneous 
may be suspected). A small permanent hardness is sometimes 

Sulphates are present as a rule, in little more than traces, 
occasional boreholes show a high SO 4 figure. 

Chlorides show some variation but the percentage is 
at 8· 3 per cent. 

The CaO is generally slightly less than the MgO, the ratio 
I : 1'17. The percentage of CaO is double that of the waters 
quartzite zones. 

Fluorides have not been detected in more than traces. 
The silica content shows some variation, but as would be 

pated, is less than that of the quartzite waters, averaging rr 
cent. on total solids. 

In most cases the Pretoria shales yield a fairly pure water 
shows some variation both in composition and . 
being due, as previously stated, to the effect of igneous in 
to a less extent to climatological factors. Even in the worst 
waters may be regarded a, moderately hard and non-saline, very 
in most respects to the waters from the Ventersdorp cystem, 
containing as a rule, a smaller concentration of mineral sall" •. 

The,e waters h8vc been classified under the carbonate 
Group C (temporary hard) though some of the waters may QrYnr(n 
to other Groups. The technological utilisation and corrective 
treatment of these waters is dealt with under that group, but 
be stated here that these waters are suitable for all domestic 
watering livestock and irrigation. 

In the previous section it was stated that for various 
Dolomite is generally regarded as being of marine origin 
the presence of algal limestones are not necessarily a proof of 
origin. 

------
• 

Sample Ni 240 

! ----I --i 

Parts ! 
6·6 Total Solii 

1 3'4 Methyl O~ 
-------1.----- -
Total Ha~ 4' 0 

1 0.6 Permanenl, ____ 1 

I 3'4 Temporar' I __ 
Hardness -1

1

--0-'-5-

Hardness 1 __ 3_' 5 __ 
1 

Soda Alka, 

I 
Nil 

Pari 

1'1 Silica (as I ,--il-
I Nil Fluorides 

I 
N-il-I 

Nitrites,. ', _____ 1 __ 

Nitrates ('I o' 04 
---I! 
Chlorides I 0 • 6 

Sulphates 1 __ 0 '_3 __ _ 

~~:~:;1=2:~:e ~ 
==---= -I . - == 

I 
J)erce~ 

I 

SiO,., ... 'f 
CaO ...... i 
lvIgO. , , , ,I 

• 
CL, .. , .. .I 
- I 
~O,' -", ,I , 
Soda Alk'i -

• Total Ha,) - 1 
Permanen 
- 1 , 
Temporar:: 
=:==-1 
R.atlo CaQ 
='r::= =-= ----

16·6 

4-'25 

21' 0 

9' I 

4'5 

Nil 

60'0 

9'1 

5
"

S 

I 5'0 
-1= 
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'oS ,03 co 21 9 nS '" 23(> 239 3i3 356 :0:40 3 20 3'3 472 Average 

::;·5 9·4 h·O 

on Total Solids: 
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76 DESCRIPTION OF SAMl-'LES IN TABLE No. II. 

Sample 
No. 

'="=-"''''-::'=~===-=---=--=-=--f~'"'''"--=-------;---'''''' '=",'",,,,,,,====-~==."",,,,,-",~,~--==o.,,. 

District and l'rovlnc<J. i B~~~~~l.C I 

_" .. ~_" __ i Caroli"a, TransvaaL .. 

~_._I_.::'ercen;ginS. Transv;l"l. 

~2~ i Krngcrsdorp Tra"svaal. 

232 ! Witbank, "rransvaai." 
----1--~-----

Locality, D<.~cription and Remarks. I Date 

I Fcc~ 
i~~ ! 100 

~~~. 

Spring at Carolina.. i 13/ l/39 ._-,----
Bor{)holc, 4 miles E(\~t of E":lloll.. i ,6/9/41 

Sprin!; at se J<:tmcs j\jj"-~ion, M"p.iicsburg.. I u/1O/40 

I_~~~:~d"n. Eas~.~~~~_ .j ~5/:y40 
50 : Wcll on "O"h~kcl1d" 2~6. :K(Jrlh·East of Bcnoni. ~7/11f.to 

! ..... ___ ---I----i-sp;;:rr;,;o:,::;~;;;:~"Of-f;~;~"'f' ~o:nl. q m;;;;-s;;;;;;;:;;;;-;fl~':'i"/jO 
356 i LydQllburg. Transvrt"l. I i Spring al Schocrnanskloof.. i 7/ ('/11 

_~_"_'I Bronkhornt.~pr:'it, Trans'·aai. .. 

239 l,ydenhurg. lran~vaal. ..... . 

- ~~--li~b~;~;':-.al. .:~.. ;!. Mountain .spr;ng at Waterv"l Onder-, I-,~~ 
~·10 Bclfa~t. Tnmsvaal... ..... i, Borchok In Bclf~st. ! 24/11/40 
--'--,~--.------- ',-----," . 
320 [ Bronkhorstspruit, Transv;l;l],. I loa i Borehole in Doorn!m';ll '34 nC;lt Premier Mine.. i 5/Ij,P 

314 _[:rctori;l. Trrmw""L. : :-"Br;:o:>hOk: in Ede~dalc, 3 miles wes~.~:_:~~.emier ~.:=!-5/ lj,p 

472 

373 

lOS 

Rustcnburg. Transvaal. 
.----~ 

Kn'gersdorp. Transva"l. 

! RustcniJ\,rg-. Tr"""vaal. 

I Well on "Vaterld()()! 1. S miles SmIth of Rustenbmg" x/ 1/42 

I Borchole on farm K"alfontein )"05. S mik~ East of Cyfcrbult Siding i IQ/ ('IH 

! :>1,,\I,,(a;n sprill!,: "t Si. P<;lrocks farm "car Ru~tcnbur.g. 
qo 

r./1O/39 
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compare the percentage composition of these waters both 

shaley and quartzitic zones of the Pretoria series with that 
water (Table 27, page I57), the most striking difference is the 

low chloride and sulphate content of the former. Now 
N>(\ll< rocks, as is well known, tend to retain connate sea 
WC''''H more readily than do arenaceous rocks, owing to the high 

capacity of the clayey material, and further, owing to the 
imperviousness of clays, any contained or ad30rbed salts 
be readily leached out of the rocks. 

example argillaceous geological rock formations like the 
series, Cretaceous system, and the Malmesbury series, which 

pJ:lecllltOl()glcal or other evidence are definitely proved to have 
marine origin, or else have suffered marine transgression after 

l1\.le,u·, 'H yield, as will be shown subsequently, highly saline 
similar in percentage composition though not of course, in 

,ptJ:at:'lon to that of sea water. 

from the evidence collected in Tables II and I2, it would 
that the sediments of the Pretoria series of the Transvaal 
were not laid down in salt but in fresh water. Of course, 
be argued that after such an ernormous period of time since 

pnn,"'T1' of these sediments in the pre-Cambrian times that most 
connate sea salts would have been leached out. The author, 

does not agree with this argument for, even allowing for 
ble leaching in the shaley beds, one would still expect a 

higher cloride and sulphate content. 

Pretoria beds follow conformably on the Dolomite series and 
if it be conceded that the former were of fresh water origin, 

be necessary to accept the theory that the Dolomite is also 
water origin, for otherwise it would be difficult to account 

sudden change from salt to fresh water characteristics. 

very great thickness of the Dolomite is rather against a 
origin, though, as aforementioned, it is possible for algal 

,Wll'" to accumulate in fresh water. It is suggested therefore, 
some diffidence, that either the whole of the Transvaal system 

water origin, or alternatively, that the seas of that period 
far less saline than the present oceans. 

(43, pp. I25-I30) has shown that for the past IOO years 
the chemical composition and concentration of the open 

'has been practically constant, but from the work of Joly and 
there is some support for the theory that the pre-Cambrian 
were not nearly as saline as those of the present day. 
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XIII.-THE WATERS OF THE MALMESBURY '-'J.OJ.\..~. 
SOUTH-WESTERN CAPE. 

Though of limited extent compared with other fOI'm,lW)Il 
series is of no little importance from the point of view of Wn.1 PT" 

since the area occupied by the Malme"bury series is 
well populated (by Union standards) and furthermore a 
the wheat producing are<:\ of the Cape is located on this ior:mai 

DISTRIBUTION AND· RAINFALL 

Appearing from beneath the Table Mountain sandstone 
low-lying areas in the Van Rhynsdorp, Piquetberg, M<Llulesbury; 
Stellenbosch and Somerset districts, while inliers 
faulting or folding are found in the Worcester, 
Swellendam districts. The main occurrence however, and the 
which the majority of the samples have been taken, drptrh, 
Piquetberg to the Cape Peninsula and eastward to Paarl and 
West. 

In the Cape Peninsula, Wynberg, Belville, 
Somerset West districts the annual rainfall is ZO"-30", and in 
has the benefit of the run off from the higher rainfall 
in this neighbourhood. 

In the Malmesbury and Paarl districts the annual rainfall 
IO"-ZO"; on the other hand the annual rainfall in the Van 
district is only 5" to 15". 

GEOLOGY AND LITHOLOGY. 

This sedes has been tentatively correlated with the 
series in the North. It consists mainly of highly tilted 'W·VUl 

or flaggy rocks with some beds of limestone. In the main 
to above, argillaceous beds. predominate. The slates are vlV'OVC 

finely laminated rocks. Under the microicope they are seen 
of minute grain,- of quartz, particles of clayey matter, 
micaceous scales. No fossils have been found. 

The intrusion of the" Cape Granite" into the lVlCtlrrle51)~ 
has resulted in intense contact metamorphism in places 
produced considerable mineralogical changes. In places 
have been converted into phyllites or into mica, sericite, 
andalusite schists. 

The strata are generally well concealed by a clayey 
recent sand deposits. In places the rock mass itself has been 
into white, yellow or brown sandy material to a depth as 
150'. With reference to this very deep weathering Du Toit (z) 
the fact that the water supply from boreholes therein is 
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 :-

Sample Numb 377 

Parts Cac I 
Total Solids (I • 

IS' 5 

Methyl orang'i 12'0 

10·8 Total Hardne, 

Permanent H< Nil 
--

Temporary Hi I 10·8 , 
-i 

Hardness due I 4'5 

Hardness due 6'3 

Soda Alkalini1 
= - -~, =-

Parts p 

Silica (as SiO, I' 4 

Fluorides (as Nil 

Nitrites ...... , I Nil 

Nitrates (as 1\ I 0') 

Chlorides (as' I I . ~ 

Sulphates (as 0'( 

Under 
Potassium Sal o' : 

pH. Values. . . 8·: 

SiOe.......... 9'( 
-----1---
CaO.......... 16-: 

MgO......... 16·. 
-----1---
CL.......... 8· 

SO,.......... o· 

SOda Alkalint, 8· 

Total Hardne, 69' - ,--
Permanent H, Ni 

Temporary H2 69' 
~'=== 
Ratio CaO :] I: I 
~ I ......,.-=-- = -_._._._ .. _ ... _._---
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TABLE Nu. 1~._PRE·rORIA SERIES (SHALE ZONE), TRANSVAAL SYSTEM. 79 
----.. -"-==--

124 I no i, 139 ! 313 i, 35" i 374 I 375 .~7& '" 3'0 37i 
, I,', I 1 1 ,------'--!-"_._-,----,----'--'-, 

45 1 Average 5'7 

Parts Caco, po. 10' Waler: 

Tom] Solids (at I06·) .. ' ...... ,. _I 53<'~_L __ ~~'! ___ .~~ __ .I~:-=:~L~L~J __ ~ __ I~~I_~I~~~!~:l~ 
Methyl Orange Alkalinity .. 

S· I ~"1 

, ,,'Illac[ ;;:!h:""S i"tn'~li(,". 



80 DESCRIPTION OF SAMPLES IN TABLE No .• 2. 

, 
S~!l(> I District and Province. 

---,-----------
12.1 I MaTico, Western Transvaal 

'" I !I-~ariCO, ~vcst.crn. Transvaal.. 

~~o '>'creonlsmg', f~ansvaaL .... 

313 ! Pretoria, Transvaal .. 

358 I Pr<lloria, Transvaal ..........•... 

374 I Rustcnburg, Transvaal. 

Boreholc 
Depth. Locality, Description and Remarks. Date. 

_. I ' 
j Borchol<;, in Z~.cru5t. (Shale Zone.). i Sx/n/39 
" . 
I Borcholc on Klcin£onlciu 76, West of Mm-ieo.. I 3/tl/4~ 

'I~~n Doornkui12oC 1} mil~s Korth of Vcrccniging. 1'6/ 9/4~ 
Borcholo in SiJvcrtoll, East of Pretoria ....................... I ,8/ 1/41 

I B(>rcholc at Donkerhock l,S. lx:twccn Erasmus and Silvcrto~·.-,-, ,-IS; 5/41 

"l13orchOl<: at Cyforbult Siding. East of Derby.. i ro/ 6/41 . 

" 
2('5 

~L Rustcnburg, V;'cstc~n Transva,_'~, ___ _ ; ____ 1 Borehole in Koster. (Dr. Oekersc's report Anal. Div. C.S.). :~ 

I 

ISO Borehol". 3 miles South of Derby. on Townlands. lo/6/4 l 375 

376 

Rustcnburg, \VeS1:Crn lranSva;lI. 

Potchefst>:oom. Western Tr:l-'-"-"-'Cl.---" --_-- B01"eholc. "Mimosa Inn." Kaalplaats x50. x7 miles North ;r: 
:-:--:::--c-;---- Potchdstroom (nc,lS Dylw outcrop).. HJ/ 6J4l 

:511 i l'mC",,,SCHM'''. "cstcrn Traosvnal. I 120 
-------

;;", ... ;"';" .... , ~~'da::"',,1' J, 35 miles North"Ea.~t of PQtchcf~troom .. Io/6(4 1 

30I I Krug<lrsdorp. 'Ncslcrn Transvaal. I 
~!~;~~dorr. Wc~t<;rn TranS'·:l:ll. I 

507 I Lydenburg. Eastern Trans":l:lL. 

139 I !~ydenbnrg. Ea.~tcrn Transvaal.. I 

Uor{'holc at \Vatcr:>hcd St:ltion. 5 mlies \Vest of ;;b.g"lic.~burg. 9/ 12/40 

; Bore!lolc at Vlakdnlt Sldmg. 7 miles SOllth-\Vest 0: l'>1ugalicsburg: 9/1~/4() I • _~ ____ _ 

!-Borcholc iu Ohrigstad. (Anal. Go\'t. Lab.). 19~1 
I Well in Lydenburg.. ... i s/ 'll0 
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Br 

Oz········· _ ............................ . 
. Fe20s.TiOz························· . 

~O ..................................... . 
MgO .......... _ .......................... . 
Na20.K20 (by diff.) ....................... . 
Cl. ...................................... . 

CaO ; MgO = I ; 4.8. 

Per cent. 
0'57 

63. 88 

34'40 
trace 
o'ro 
0'48 
0-26 

0'3I 

roo·oo 
0=;== 

chlorine content is appreciable, in spite of leaching. Another 
feature of this analysis is the predominance of m"gnesium 

UNDERGIWUND WATER SUPPLIES. 

(3) gives the following figures ;
Yield in 
Gallons 

per Diem. 
. Cape Town, Wynberg and 

Somerset West......... . . 22,000 
Malmesbury and Pa"rl dis-

tricts ................... . 
Van Rhynsdorp ........... . 

II,600 
28,000 

Depth in 
Feet . 

Il7 

II2 

152 

Per cent. 
Fadures. 

20 

30 

7 
the purely limestone beds Frommurze gives the following 

which are mom or less in line with those for the Dolomite 
in the North ;--

37,200 g"llon, per diem at an average depth of 124 ft. 

QUALITY OF THE WATER. 

Table No. 13, the author has given the "nalyses of 12 samples 
water from the Malmesbury, Piquetberg, StellenboO'ch, 

West, Tulbagh and Cape Town districts. 
chief ch"racteristic of the waters in the Malmesbury shales 

is their· high salinity. The concentration of salt varies but 
very high averaging I72 p"rts per 10". Apparently the only 

are the NewJands, Albion and Kommetje springs, all of 
issue from the Malmesbury beds near the Newlands suburb, 

(Frommurze 58, p. 69), but most of this water is no doubt 
from the overlying sandstones of the Table Mountain series. 

pH. appe"rs to vary somewhat, but insufficient data are 

waters are extraordinarily consistent in composition "s shown 
main constituents are expressed as percentage of the 

salts. 
is the case in all saline waters, silic" is consistently low, 

only 2'4 per cent. 
is not m·uch data as regards fluorides, but in 2 or 3 samples 

by the author a content of about 0 -5 parts per million have 



82 

The chief characteristic of these waters is the 
chloride content which in terms of the total salts averages 
Cl. and the appreciable sulphate content which averages 5 
S04' Both the chloride and sulphate are very consistent. 

Na2COs or NaHC0 3 was found in only one sample. 
there is nearly always an appreciable permanent hardness 
II·6 per cent. (as CaC03). 

Ca(HC0 3)2 and Mg(HC0 3)2 are relatively very low dVC"d~:ll 
(as CaCO,J. 

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

The percentage of calcium and magnesium is 
sistent, averaging 4' 4 per cent. and 6· 5 per cent., giving a 
CaO ; MgO of I ; I . 5. Samples taken from calcareous 20nes 
Piquetberg (though not actually from the limestones) will 
show a higher proportion of lime and magnesium, as shown 
No. I33, Table No. I3. 

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

Some of these waters are too saline to drink, though mC)Sl>' 
are used when no other water is available. They are not 
for livestock watering and are suitable for irrigation m"ClVIC 

soils are well drained and situated in regions of good ldllm". 

If we compare the percentage composition of the 
waters with those of sea water af' set out in Table 27, the 
is ~triking, particularly a, regards the high chloride and 
content, the comparatively low hardness, the relatively high 
hardness and the high proportion of magnesium salts and 

Further,. the relation between the constit)lents is 
the same as in oceanic water, namely, Cl > S04 > 
Na > Mg > Ca. 

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

On certain geological evidence (Du Toit, 2, pp. 
supposed that in a fairly recent geological period 
inundation by the sea of the coastal plains of the 
Cape. The chemical evidence, as set out by the author in 
strongly supports this theory. 

Sample Nun 26; 

j \ll:b C i 

Total Solids 04 " 

1'2 .. 
Hardness d 1._ •• _ •• ___ _ 

Hardness d: 4 'I 

L>arts 

Sitica (a:, S !I 
3' , 

Fluorides (; 

i\itrites. , .. i 

Xitrate:; (a~ __ . ____ ","_ 

Cblorides (, i 33' 

Pot'l.SSiUlll 

1JgO .. 
---- --' ._-----
Cl......... +0'( 

?\il Soda Alkal' 
~--.---!---

Total Hard 20' • 

Pennanent --
Temporary; 

~~ 
"--.... '-. C'--" 
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~""\l'l" ""mll<::r~ .. 

. rI· c.~C(\ f''''' "" W"tcr. 

To[,,: 'i"lid~ (,OIl IO{)"). 

~Ielify] Or,·.n;.!(· ,\Ik"hn,\y 

T,,\;>; {I::,.dn<'~s .. 

l'crm;,,,,'nt llar<ltlcs~,. 
~ ... -.----

Tem!",,'.,ry )umln,"",·. 

It"n:",'" <1,:<, [" ),11: Salts .. 

II"njt1('.-;~ <In,, \0 C:, Sails,. 
... _. -~.-.--. 

"oda ,\Ikd,,,,h', 
--------~-, 

]';<rh 1''''' 10' of \\'at<'r 

Siif",< \'" S,Ool, 

Fh,oridc~ (,,~ F). 

);n,.,j,·, .. 

);,h·,,:,·, (a~ ,,0,). 

C"i()c'"",, (::~ Cl) 

~''!ph''\" (a" SO,1. 

~:n J,B 

'Ih'" 'ob-" 

",\. :'.'i 

"Y" "5' ,~() 
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<1'0 ,.\. 35 

'S''' .;~.~ 

;.;." 3"'·' 

"i1 )<11 

5': "s·" 
.q I;)'() 

ISh 

'·f·() .>,«,." (35' I) 

"." ,".'> "." 
I,~"'" I ~." 

".\ 'i'': ,)'() 

:..;,('. 

;5 'I,' 

S2"~ , .~ 
:-:il ~tl :"d 

..,'" 
0'''(' ;';il ",: 

,,01 :\" "d 
"i1 "t\ "il 

\"'0 ]I'S',I , ,,·s 

I"" ,,\ 

S",:dl 

2(>~ '("\ ~65 ,~(,,) 

'H"'" 221'" 15,1''', ·1("" 
"' .. -~,~~-.--.... 

;.1 'i"<) 

Sy~ ·IS l,i'(' 

!le ,q' :; ",j 
~5 '.1.(, 

{", 27'0 .'i"} 

"." ,S·" 1'(' 3'" 

:-':il ",I 3',1 ?\;I 

, ·s J .~, '1" 

'.'·1"" "S',i (,().(, '7' 3 

I' " 
s· .'> 

~r)7 

:-;.; 

(, .. ~ 

l" 

h., 
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5''' 

.>,<., 

(,. J 
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. .'; 

". S 

13' . 

5"<) 
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:<,1 "")(' 

.\"ii ,,;1 

,,<I "il 

!3 '02'0 
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-';", . .11 

~:;':"'~~::;::::,S"lh.. ~~i ____ ._ T~~',"- .\"::'~:'(_' T);~~;' __ ._ ... __ ,~ ___ . __ ._ •. __ : __ . ___ ~-=--; T~~{.;' ,'\";'.\::'l I~ 
~------~----.---~~---.---~'----,---~-.-~-, :----
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SiU, . 

C,tO .. 

~1;::O. 

(I. 

So, 

Tnl.al S"i,,), 

S"d:) Alkalinity ("s "''',CO,,), 

\.{, 

6-,S 

.'is''' 

("'~l>J 

'{\I 

2'0(> ,." 
(\;"!) 4'''5 

11' .jj " :; 
,7'" I.i'() 

i' ,'n; ~'" 

;';,1 ;';;1 

h,~~-I-l;;;;:d,;;,s (.,s CaCO;:;-:- '"5''' (bl 5) "b'o 

~,;~;~;:';;;:-i l;;-~<lnc,.'; (a~ -(':(:"0:,).' 
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)-1'6 

"'·1 

\. S 

Cl I' .;} 3' .> 
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: ')', 1 •• ~ 

'-.> 
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·H·5 
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,---'-'_.' 
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~:----'----'-.--.-.-"----
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Sampk 
No. District "-od Province. 

DESCRIPTION OF SAC\iPLES IN ~~ABLE No. 13. 

Borchole 
Depth. Locality, Description and RCnlarh. 

Fcet 
4;0 Beh·i1Ie. Cape Province. . ............. : Borehole at J(liphcl'vcI. 

1:;6 BclvilIc. Cape Province. Boreilole at Kraai[onte;n. D"p,)~i(s ir'", ",,:i(k on sta]](li,,~ 

.{2 I Bclvil1c. C"\pc Province. Borcholo in nurb'l!lv;I:" S'IUlI,l" de;"""\;; im" o"alr.- on ',:"ndin~ 

,:;~ l':'Iadhcr~. C:'pe Pm\";nc" }84 Bor"hole "t Cq'c Porthnd C"m"~l\ F::<;t":· ..... 1 ,:<;,,,·c''''''·~: .i. by C"pe Portl"nd (""~~~"':::"_~'l~)'~~~·.~~...:,: 
(An;tly,i~ 

'1'; ']',,)I1"gh. Cap" V",,\':n~G. Bor"h<)lc ,",a\<>r to,"" 0> T"lh:cgi>. 

1(", :. O>1<-11""I)O'ch. Cap" P"r"-lllCe. So 1l,,,-,,h,,I' [mm hrm >< I~";l;;:;;~::;'~~ C~dnld 0>:,-1;,,<:. t"'.,r !"H,re. 

~(}3 Cl;>".. B",.dw!<'. 'iitvlnC:l. C\!," Tw,\'~. (.-\n"lysi~ Jl1~it? .. Hd In,) 
-.. -~- ---------

'("f : Matm"s1>l!ry. Cap" Pro\"incc. .., .. _.. 201 B(\~d\Ok. ).r""rn"'_")ur,:. _(~~.~~~:::~~~_-.!_~~~:~ ReI. I.,,) 

165 C\!a!m~s1>ury. CIf'" Provincc. Bonhol". K"I"b;d'r~aL (An~)y~is J"r;lz. ]{d. 12()) .. 

:0:66 

D"-te. 

S/12/.;r 

Z9/ 4/,\" 

~3! !i.p 

.,/11/.1'1 

H,>/ '/40 

H,f 3/4<> 

)(,08 

19"S 

19,,1; 

Cap<'.. ~ $p,-ill\\ al>ove HO\1nd I-Io",e. S<>~ Poin' •. Co.p" Towl} (An?Jy,,;s. 
Ju"lz. RC'f. 7S). ' ..... , ... ,. , _.. . ... ,.,. '90" 

:0:67 Cape.. 76 Horcholc. Rail"'«Y $tc"n,~hrd, C~r(' Tnwn. r,\n«lysi': JIlritz. 
HP!, 7S), H)OS 

T50 Somer~ct \V('~t, C"P~ Pmvincc.. ! Hmoho!c:\t Vcrg-"kg,,". S'-m\(-"rs~t. \\"'~l Dcl''':;'\:< iron ""ide Oil .... _, .. 
. """,,,,,,,. . ... ~,:~ ·"···:~.:'c"':''': 

• P"s~iIJly i!l i:rn",k? 
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.-THE WATERS IN THE WATERBERG SYSTEM. 
the Waterberg system occupies extensive tracts of 

country in the North-Western and Central Transvaal and in 
it is not of any economic importance at present 

part 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 
WaterCerg, Potgietersru;t and Zoutpansberg distr:cts, the 
exposures being in the Waterberg district. The only centre 

importance in the latter distr:ct is Nylstroom. 
the Zoutpansberg occurrence, the only centre is Louis Trichardt, 
however, is located on granite near the margin of the Waterberg 

,LV1.lC;~, from which it drrives its water supplies. 
the central Transvaal, the occurrence is far smaller in extent, 

only a small portion of the Middelburg and Pretoria districts. 
,lh .. _~ is the only centre of importance. 

very small occurrence of Waterberg rock is also found in the 
Cape, where it is known as the" Matsap "series. However, 

"'~~"r>"cm is far too limited to be of interest in this study. 
Waterberg district is fairly well watered, the average annual 

being 20"-25" except in the North-West where it is much 
In the Zoutpansberg the average annual rainfall falling on 

tcorhp"(j rocks is higher at about 30"-35". In the Middelburg 
it is about 25"-30" per annum. 

GEOLOGY AND LITHOLOGY. 

rocks of the Transvaal Waterberg are predominantly 
Red, purplish or chocolate-brown quartzites and quart

salld,;tolrles. predominate with a few coarse conglomerate beds. 
are rare. The colour of these rocks is very strking. In the 

district basic amygdaloidal basalts are found at the 
thesediments, in the vicinity of Loui~~ Trichardt, but they 

small extent. 
i3 not much in the literature as regm'ds the mineralogical 

of the Waterberg sandstones, but these are apparently 
as quartzitic and ferruginous rather than felspathic, an 
point when considering the waters arising in these sand-

author has prepared and microscopically examined thin 
from several specimens of Waterberg sandstone from different 
but found in every case that the grains were almost entirely 

~uc,c;u of quartz, with a ferruginous cement or matrix between 
o-roino: no felspar was observed. 

Waterberg system is not fossiliferous, but latterly many 
notably Du Toit, are inclined to regard these rocks as of 

and either of late pre-Cambrian or early Paloezoic age. 
UNDERGIl.OUND WATER SUPPLIES. 

Toit (2, pp. II9, 133) states that the Waterberg sandstones 
rugged and fairly well watered area North of Nylstroom have 
only 14 per cent. of failures and an average of 12,000 gallons 

at a mean depth of I75 ft. though drilling has proved 
in the sand covered flats of the North WesternWaterberg. 
Middelburg area Du Toit gives the following: "26,800 gallons 

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 
sandstones consists of wild. rugged and sparsely populated 
it was found very difficult to obtain samples of either spnng or 
water. The author is therefore greatly indebted to Dr. 
the Department of Public Health, for the use of four analyses 
by him in the course of his investigations into the prevalence of 
dental fluorosis in the Northern Transvaal. 

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

The average as shown in Table 14 (a) is only 6· 5 parts per 
As would be anticipated in the case of waters arising 
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 COlltent. 

Chlorides are low, averaging II'2 per cent. of total 

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, 
sample gave 1'1 parts F. per million. 

The hardness, due almost entirely to calcium and 
bicabonates, is always very low in amount, generally under 
CaC0 3 per 105 and composing 52 per cent. in terms of the 

Calcium is slightly in predominance over magnesium, the 
ratio being I : o· 9. 

The low concentration of salts may be explained by 
that the sandstones are siliceous, and not generally speaking, 
Further, most of the region is under moderately good all·.l1o.ILl. 

The Waterberg waters are allocated to the pure water 
and are entirely suitable for all domestic purposes, stock 
irrigation and all technological purposes after the 8 ddition of 
amount of lime to elevate the pH. 

. THE ROOIBERG SERIES. 

At one time the Rooiberg series in the Central Transvaal 
of red felsitic lavas, shales, volcanic agglomerates and highly 
quartzites and sandstones, were regarded as forming the lower 
of the Waterberg system, but they have now been 
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 
rocks are largely made up or fragments of the Red gnLlw,,,, 
sandstones are highly felspathic, it is considered likely that 
derived therefrom would be very similar to those of the Red· 
and alkali syenites, namely soda carbonate waters. 
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7'A1JL8 No .. Lt (,.,)._WATERBl~RG SAXDSTOXES. \VATERBERG SYSTE;\I 1:\ THE TRANSVAAL. 8, 
-.=-==-======-=c . .,-"O===-==---~== _-'·C~-_""~"'"""===~==="'''''''oc-==-____ _ 

Sampk Numbcr"$,.. 545 516 , 5·17 i 51S I 90 71, Average 

-.--------.. -- ._._ .... -.--- -'

1

--- __ ,_ . - 1 ___ -

Parts e,CO: per 10', I' I I : 

~~~~t-y~~m ·~':!'frUl-f:1 j~d~ . 
H:mlness due to Ca Salt~.. ) 2·8 i ,S·S i 0·8 I 1'2 i 0'5 ! 2'0 

~~~~==---=-~:'::':-:::=~I~-:-E-=I--'I':T ~;~-I ~r-'-;;: === :;-
Parts per 10' Water; I , , 

:=~ =_:~;~=--=t:j:l8:-HT\:: Nit,.,w~.,. 

Nil 

Chlorides (as Cl). . .... ! "42 i 7') 0'7 i 0'1.1 

.. ---.----.-.--.-.. '"~--, .. -" .. -----" "·--'.J·---;:~s i=-~~'-~~~=:=~~~!~,-;;-

0'7 

Sulph'dcs (a~ .~V<I .• ' 
~ .. -~ .. ""'.---..-.--~---

Trace 

, 
l'<'tas",,,,,, Sails (,,~ 1,). "'0, 0'1' "-";' Tl"KC 

pl-1. y,,'u'"'; 6-7S (,"') (,·6 1'2 ----------.------
p<;y, __ ""jag<; ,,,, Tot,,\ S,,\i<l,; 

S:(), .. 12 "5 

~ "0 

};i! 

O·O·t , - ----,--, ., 
Tr"~e 

Under 
0'5 

7' 5 

2 ." 

7'0.\ 

"J'" 

~I~~) ___ ~~~=:_. -.-~~~.~:~-..::~~II==,:.'~~f::-n~~.-.,;~J-::~JL.: .... 
SO,.. i 5'0 1·6.\ (IO'7) I (S'7) I Trace i Trace I ,.(, 

~~:~:1 .. ~~:;:;~{~;: :~': ;:~:;(~~~_____ _ _ _____ ~:~==I~· ~'~.=~ ~,~~] ;~:~ -:=~~ I~~ ~F ;::1 I· ;~: 

c"o .. 13' 5 

h'm:an<'nl l-Tard",:ss (:IS (':\eo,). , ...... ". [ __ );"11 i :-;iJ i Kil , 13';'0) I _ Kil I .Nil 1 Rare 

;:~,::::";::::'-:1~~'-:~C~~ (a, C,CO,). ---"---'--'~-----!--:~-~'.~q !-- ~6~~~~r ,7" 5 1-::1 ::~J~: ~:5~~7~1-'~~1~~7 __ 1~ --:7~~9 
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DESCRIPTION OF SAMPLES IN TABLE 1\0. l.j (a). 

""",."",--=,=o=~· 

S"mplc Di,trict and Prov;nc". 
No. 

! Borcholc 
i Depth. 

Loplil;·. Description ;:.u<l Remarks. n"lC. , , 
i--~----I---------~'--" .--.--... -.' .. 

; Feet. I 
\Vatcrbcr;:-. Tr""sv"-<"1. 'I' - I Borchole_on Palmicli,untc!l1: 17~. 50 miles "'orch o( :Sylstl"(lom. (Dr. :>.!arch. 

, ,Ockcrs". :\n,,). J)l~·:,,:::~_~: _______ ~._. ______ '_________ 1<){2 '" 
5·\6 Potg;cl<:nq""t. Tr"us\'aaL. i HQTC\oolc. ?'!urchison 47~. 70 mjk~ North of Nylsln)(Jm. (Dc. M",-ch, 

i O~kcr>;c, ,\naL Oiv. C.S.)............... 1<)-12 

5-17 \V-~~:;;-:~~T~~~~~l.·~--·---·-·- '--'-, --~'-j·;~~·;:;:~l;:.-·-j~;';;:~~;:;;\~;; Sr~ Post Of;;:~;:--;:;~:;'~;·scl. '{l~,-'~~l;:;:T--;:-!~~;-
We~t·};<)rth·\V<:~t of 1'.1'. Rust. (Dr. Ockc'·sc. :\11"-1. ]),,-, C.S.)! )<).12 

~4S =(--;:;:':tlnllc:. TrJ.nW:l"~ _________ ~ ____ I~~~~~:,;:~11~~~:~G{~:~1~:-~?~~~~o.r~1.'~~~~:~y:~~~:': .. ~.I)'" .:.-~~~~~ 
90 i Wa[crhng. Tra",\";!"1. i Spring. S Jl1ik~ ""rth of \\"armbalh~, on ?bin 1\1)"{] to ~yls(ro"w : 231 8/39 

~?_,:~!e~nsb,:r~: .. frano:.~"!: _________ ~ ~---.-L:erin!:. 7:~~:~~~0.~;;;:2~~;~nlt. (To_':~::'Py~._-=~CLu.~{~9_. 
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WATERS IN THE TABLE MOUNTAIN SERI 

THE CAPE SYSTEM. 
DISTRIBUTION AND RAINFALL. 

rockS in this series are found in the South-West ane 
Province, in Pondoland and South-East Natal. Tb 

Van Rhynsdorp through ClanwiUiam to the Ca 
several parallel belts to Port Elizabeth, there is 
break till Port St. Jo11ns is reached. From I 

the series {arms a narrow belt at or paraUcl to the coast, ex 
to Hla.bisa in Zululand. Tts age is p 

falling 011 the rocks of this series averages 
be as high as 40'" in ccortain areas near U: 

p. XIS} points out, this series builds 
ranges, standing high above the sun 

forms platforms upon which the 
area takes place. The" run-off" fr 

gives ri!;e to many perrennial streams. 
GEOLOGY AND LlTHOLOGY. 

series, as much as 5,000 ft. in thickness in the Cape 1 
a101o!;t entirely of hard sa!ldstoncs, generally i1 
and also frequently hardened by seconda~7 siEe 

shale bands of no great thickness. 
illountain sandstones of the Cape Province are 

fairly coarse grained and gcm:rally hard. 
to be no reference in the literature to the 

A number of thin sections of the sandstones 
microscopically by the author showed the gr" 

,_y_~ ~ ____ ost entirely of quartz, and no felspar was ob 
:ections examined. 
T11e occurrence of felspar must therefore be rare. The ( 

siliceous or ferruginous. 
Du Toit the Table Mountain sandstone of 1 

furlher northwards in "N:atal the Table 
tends to become felspathic in places. The N;I 

sandstone i;S generally of a reddish-brown to puq 
mntain sandstones in the Cape province oft< 
or iron oxide. and less commonly, of n 

botryoidal masses; for example, the iron and I 

the cY'e of the Caledon Spring and the mangam 
. Nek. 

between' these deposits and the groum' 

of soluble compounds in the roc].;:s gives r' 
~_ and non-fertile sandy soils, a.nd, as will be seen, a( 
nmineralised nature of the waters arising therein. 

UNDERGROUND \VATER SUPPLIES. 

shown by Du Toit (14, p. :u6) and Frommurzc 
. rarely give good supplies on account of the low 

?llouulain sandstone, though in Natal the fcslr 
results. It is pointed out however, that the 
m weathered to any great depth, absorbs larg( 

which issue as springs in conjunction with stn 
folds, joints and the contacts of the sandstone wit 
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Date. 

:'~;:~I- March, -' '-' -' '-' -' I~=--
n. (Dr. i MarCh, 
..... " I 1942 

6 miles I~h
iv. C.S.) I 1942 ' 
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i ' 
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__ 1 ___ _ 

·lstroom I 28/ 8/39 
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WATERS IN THE TABLE MOUNTAIN SERIES OF 

THE CAPE SYSTEM. 
DISTRIBUTION AND RAINFALL. 

rocks in this series are found in the South-West and South 
Cape Province, in Pondoland and South-East Natal. The series 

from Van H.hynsdorp through Clanwilliam to the Cape and 
in several parallel belts to Port Elizabeth, there is then a 

break till Port St. Johns is reached. From Port St. 
series forms a narrow belt at or parallel to the coast, extending 

breaks to Hlabisa in Zululand. Its age is probably 

rainfall falling on the rocks of this series averages 20"-25" 

""'-'''' but may be as high as 40" in certain areas near the coast. 
Frommurze (3, p. IIS) points out, this series builds up high 
and mountain ranges, standing high above the surrounding 

and therefore forms platforms upon which the greatest 
)it:lti()lls in the area takes place. The" run-off" from this 

gives rise to many perrennial streams. 
GEOLOGY AND LITHOLOGY. 

series, as much as 5,000 ft. in thickness in the Cape Province, 
up almost entirely of hard sandstones, generally indurated 

reSisure. and also frequently hardened by secondary silicification. 
are two shale bands of no great thickness. 

Table Mountain sandstones of the Cape Province are generally 
in colour, fairly coarse grained and generally hard. 

Th~r~ appears to be no reference in the literature to the presence 
grains. A number of thin sections of the sandstones prepared 

pv"m,'r 'Pri microscopically by the author showed the grains to be 
~vo'c;u almost entirely of quartz, and no felspar was observed in 

examined. 
occurrence of felspar must therefore be rare. The cementing 
is either siliceous or ferruginous. 

Accordlflg to Du Toit the Table Mountain sandstone of Pondoland 
but further northwards in Natal the Table Mountain 

tends to become felspathic in places. The Natal Table 
sandstone is generally of a reddish-brown to purple colour. 

Table Mountain sandstones in the Cape Province often contain 
quantities of iron oxide, and less commonly, of manganese, 

etimE's in botryoidal masses; for example, the iron and manganese 
at the eye of the Caledon Spring and the manganese deposit 

tia Nek. 
relation between 'these deposits and the ground water is 
later. 

absence of soluble compounds in the rocks gives rise to very 
'and non-fertile sandy soils, and, as will be seen, accounts for 

unml.neraJll·' jeu nature of the waters arising therein. 
UNDERGROUND WATER SUPPLIES. 

As shown by Du Toit (14, p. 216) and Frommurze (3, p. IIS) 
rarely give good supplies on account of the low porosity of 
Mountain sandstone, though in Natal the feslpathic grits 

better results. It is pointed out however. that the formation, 
seldom weathered to any great depth, absorbs large quantities 

which issue as springs in conjunction with structures like 
folds, joints and the contacts of the sandstone with the shale 
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The main spring at Caledon, for example, yields J.Ol';V~IV 
per diem, while the Uitenhage springs yield as much 
gallons per diem. 

Frommurze points out that this formation is of little 
from the boring aspect owing to the fact that the undel'gl"l~urld 
in the Table Mountain sandstone tends to be stored 
mentioned secondary structures and that it builds 
country, which is exceedingly well watered by streams and 
Frommurze gives the following average figures from the few 
investigated :-

22,000 gallons per diem at a depth of II2 feet with 
cent. failures. 

QUALITY OF THE WATER IN THE CAPE PROVINCE. 

Although this formation is of little importance as regards 
supplies it is nevertheless of vast importance as an aquifer, 
numerous perennial springs that rise in the Table Mountain 
mountains often form the sole source of supply for such co,lshtl 
as Cape Town, Port Elizabeth, Knysna, Mossel Bay and so 
numerous inland coastal towns like Bredasdorp, Oudtshoorn, . 
dale, Piquetberg and so on, which otherwise would be delPenld 
the highly saline borehole waters from the Malmesbury, 
and Bokkeveld formations, obtain all their water SUl)plie~ 
mountain springs in Table Mountain series. 

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

In Table I4, the author has given the results of 19 
Table Mountain sandstone waters in the Cape Province. 
waters, with one exception). These samples were collected 
area from the Cape Peninsula to Port Elizabeth and Nrlll'I;1 

districts of Caledon, Wynberg, Cape Town, Swellendam, 
Mossel Bay, Tulbagh, Willowmore, Bredasdorp, 
Uitenhage. 

One of their chief characteristics is the low 
mineral salts which average 12' 9 parts per 105• (I9 samples) 
the hot "mineral" spring at Caledon contains only about 
dissolved salts per 10 5 parts, and therefore should hardly be 
a mineral spring.* This low mineral concentration of salts 
Table Mountain sandstone waters tempted Juritz (5) and many; 
to describe the waters as very pure and to rate them 
(locomotive?) purposes as exceptionally good; in fact the 
with which to compare other waters. 

Actually, though indeed of very low mineral content 
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 UA",,~. 
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 WIltP.I 

badly; pH. figures as low as 4' 5 are quite common. 

* Possibly not prima.rily derived from Table Mountain Sandstone. 
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Sample 

No. 

------

r67 

----
168 

169 

i 

:1 
171 

---
'70 

----
,66 

------
3IO 

'76 

----
98 

138 

185 

417 

57 
---

58 

3'2 

269 

269 a) 

450 

_~6_2 __ 



1'ABLE 14.-TABLE MOUNTAIN SERIES----CAPE SYSTEi\! IN THE CAl'l!.. 
9' 

"-==,, .----~-=---~= 

S"mple Number.. 1('7 16:-; 1691 166 '70 310 '76 9S '31:\ IS:; ·P7 S7 _i sj ,)12; ~69 ,,1;9 (a) _L of)" 1,1* .~6~ Average 

Part.;; CaCQo pc, 10'· ,Valer' i : l i, 
Tot,:! Solid~ (,,~ ,..,6°).. 12'.-; 11'1; 11,'0 i :?;l'0 9'0 8'0 10'4 j·6 5'0 9" 13'0 8'2 ("4 30'2 \2'4 3o-6! 9'7 ::0'3 S·~S 12'9 

Methyl Or"ng" Mkalinity. 0·8 0'75 )·8 "·s 0'5 1·6 1,8 1'4 0'5 o'~ "-9 j_ 0'5 0'5 _! 3'7 0'35 

Total Il"nltl"~". """ .1'0 ,\.$ 5'4 3'0 2-4 ~'I 2'9 3-0 2'2 "9 ,_J ~'3 4'" 7"~ 

~;::~::::::_:,~. II:~":-::':":~:::" ':::::--:-:--:-~-i~'-;;~~ 0';-5 ~:: ::: :'.: :::, \ ·8 '::~ »--r'''---::: Q'2 ".,,: : :;.~~__ I'S 3'5 ,.r, 

lI",-rl:":~" ,;"., ~" C' S:d,' , ·0 0', <)'5 '" o 
- - - --,------, 

Jl,,.,\, d"" to :\1~ :-;"l\';. '-.; ~ .:; ) '1 i .(, 

,------ . 

0-.\ "'.; 

". 5 ) ·S 

:\,\ 

. 5 

;"\,J ;--;-;l 

(,·s ~ -~5 o· 

',;! );i) ;~;\ :-::" 

"0 

""I S'.At" ,\!T,' ,i"'(Y. ;-:;: 

l'",-t:; i'"r lOO of \\':;\,;r 

-'-~---':~------~--->-'-~-~,---- ~----;--~-- -:-------- -~'----- --' :-.... ~~~ 

Sdi"., (':" SiO,) .. (1'1 0',1 o .. ~ ""f 

Fk'",:<],·; ("" "J, Xii l\i\ ~;il 
.,-

;-.id l\'i\ 

l\i:",,,· XiI ~;i\ ;\,il ",,1 :;-:1 XiI ::XiI l\'il 

Xi, :It,,,,; ("., :--;{)"~ )::1 " .. ' "'; Xd 
"'i' 

"il Nil ::--<,1 l\''] 

0',1 O' 5 <)."'.; ". 5 

-:-<il ?\il ;--;-:1 j-;il 

}:iil }:i,l Kjl ~il 

;------. XiI 0·' l\,] 0'0.' 

,,-,i1 

:--:i] 

(}. ~ 

l\,\ 

:\;1 ... ________ ; __ : __ ....:=~ .. ' 
'" 

.~." 0':< 

;.:,\ "',: 
).;il 

l\,\ T,-a,,(' 

Chl",',,\t,-, (,,~ Cl).. 3', (,·n ,','0 ~', <;"! ,.R; "3 j'" 3-5 .1'<) 3" 

S"'1'\'"'''' ('<" :->U,). ,,-2 n·' "'''5 ,~., 0'1 o'oS "'3 0'''.1 0'3 0'0,1 -'Il< ".\ 0",(' ... + . 
p, ~ ... ,:,"":'. ",,1\, T,-ac<- Trac(: Trete,' Trace Trae~ T,-"c(' '1'r"c,' Tr"c<> T""... '1'<""" U~~l~' Un,;·_·, 

I'll V.,\",'-; "'.\ 5'~ 5'3 r,.(, yo ("0 l>.$ Y7 Y7 h-', 1'·3 ·1'::; 5'7 

)"-''''''''\:'':1' "" '1',,1,,\ :;nlid~ . 
! . i 

S;o, .. 

C:\\) .. 

'" Possibly not primarily dcri,·cd from Table i\-Iountain Sandstone. 
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Sample 
No. 

167 

DESCRIPTION OF SAMPLES IN TABLE No. 11. 

~~;~~~:c 11 Lp","'y D'~np"oo "od R,m"" , D,', 

;>.lountam Spnng 4 5 !luIes Sonth East of IIcrJll::mus Dark 

Di,trid and Proviue". 

Cakdon. Cap" Provinc<, .. 
! I bro"lI colollr very s!I.;:ht deposIt of 1 e.O, On st •• ndmg 291 3140 

l~,o. I 
~'~i<:~~lc'lo~G;cI~o~~;';;~-~-- :~.-I-----I /I1ou,n~il\ Spri~~ar Cape ·ilangklip. Dad:brov;n colour ~cry 'I 

" i 1 shght deposit of Fe,O, on standmg............ 31 t/10 

~~. =I~~~~~ji'~~~~,=;~:--~-+ ~~~~E;,;~;,h~,~~,~;:J,,~;~i~:;;"~;~~;:'::",;li~~ :/:: 
----.---,- ·-----------~-i-··-··--:--· --.~------ ... --.. --.-.. ----.-.. --~:----.. --

= :::-i;:~i~~,;"'::p:';::":~O,:;"'~-~1 =--1 ::~~~~~:;~E~;::;~J~t~;~I~~~?:~i~::~,:::::;b~::::;:::, :-~:::: 
176 Geor(:(~. C,pc 1'[()\";'lCC. 

-·---1 
98 i ---, 

'38 

---I 
,S5 i 

~·~I 
, I iIIN,"C upper ~1\~jC t>~ml .. 

i--.. -·--·------·----.----·-----· .. · ---... ,----_______ .. _______ . .-. ______________ , ____ ~!~~.::~::_ p~k hro'.::~ ... ~_:.'::.~~~:._.2:r>nlol~~~3~y (Stcc~2~~~~ __ 1 

58 i, C~pc Town. Cape I'm"i"c< ................. I -- il Spring._ pale hmw". c()]our. ~:?()~b,n!ia ?\ck. Co.pe Town. ((An~l. I. 
Mume,p"] Chcmlst. C"pc IOWEl) ............................ _ 10/\O/2q 

-~ ~ ~~E~z=Jr-= ~~~~~~~:~!:"~'t:~:: 
..........i.6_:. __ i U;t~_~~:<:!?:. Ca!,c Pro~;nee.. _..::<;priEl~~ 7 milcs X()rth E,,"t of Uit(mh~""" : :24/10/41 

* This spring issues from the Table "'-Tonntain Sandstone but po,sibly thc supply of water is derived from prc--Cape rocks. 
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WlJU"'-' be interesting but almost impossible to assess the corrosive 

caused to pipe lines, hot water cylinders, iron or steel storage 
10c;orrlo' and steam boilers, etc., by the use, during the last, 

of untreated or imperfectly corrected, Table Mountain 
waters in large centres such as Cape Town, Mossel Bay, 

Knysna and so on. Suffice it to say that the cost to the 
. Cape Town formerly ran into thousands of pounds annually. 
tely the acidity in these waters is easily corrected by the 

use of lime, so that for general purposes these waters can 
quite suitable. Unfortunately, however, the percentage 

of chloride is high (40 per cent. CL) and as chloride 
be removed by any ordinary treatment, it tends to accumulate 

boiler plant (in cases where the percentage" make-up" is 
that this water is far from ideal for higher pressure boiler 

. even when corrected with lime. This fact is discussed sub-

chief characteristic of the Table Mountain sandstone water 
Cape Province is therefore its consistently low pH. value, 

averages 5 '7· 

of this acidity is dealt with later in the section. 

prominent characteristic is the faint brown to dark 
colour of all spring waters in the Table Mountain series, 

even when the sample is taken at the very eye of the spring. 
the colour darkens as the water passes through dense beds 

~etatlon lining the courses of mountain springs. For example, 
latteklip Spring in Cape Town (No. 417, Table 14) which at a 

looks almost crystal clear, has a faint brown colour, when 
through a colorimeter, and has a low pH. value. 

average layman, on account of this brown colouration and 
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 

lreserlce of organic colouring matter and, as will be shown later, 
aC;Idllty is also partly due to organic matter in solution. . 

actual content of organic matter is much lower than would 
,peL;LC'U from their appearance. From a large number of analyses 

out by the author the organic material varies from o· 5 to 
per 105• Even in the extremely dark coloured waters met 

in the vicinity of Hermanus, George and Knysna, the organic 
does not exceed this figure. 

however, as a percentage, the organic matter in the 
sandstone waters is very high, but does not excced 

cent. (on total solids). This figure is interesting when compared 
figures for organic matter of some tropical and other rivers, 

by Clarke (43, p. no) ;-
Jrl""~U River = 59'9 per cent. organic matter (on total solids). 

= 49.6 per cent. organic matter (on total solids). 
= 15'0 per cent. organic mat'ter (on total solids). 
= IO '36 per cent. organic matter (on total solids). 
= 3 '25 per cent. organic matter (on total solids). 
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The author found that the organic matter in the Table 

sand8tone waters is water 80luble, but not soluble to any 
ether or akohol. When however the original water is 
to dryness and the residue taken up again with water, it was 
that only part of the organic matter goes back into . 

At one time these 80-called " humic acids" were SU1)Dc.sec 
mixtures of acids termed humic, crenic, apocrenic and 
but there is much doubt about this. They are now believed 
vague group of organic colloids possessing slightly acidic 

The organic colouring matter of the waters is derived 
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 
is frequently black. In some cases a 8urface 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 COIISP 

feature on the mountain tops. The plants are of small 
Monocotyledons, especially the Restinacea, are very dUUll<JdllC 

a marked character to the vegetation. On the slopes of the 
Protea bushes grow in abundance. Along the water courses 
formed more rapidly and tall reed-like plants such as Dovea 
Bezelia lanuginosae, Psaralea pinnata (water bush) are 
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 
Phillips, (23). 

The vegetation on the Table Mountain series in Natal 
different and grasses are the most common form of vegetation. 
plantations are also a conspicuous feature on this, series 
The abundant heathlike type of vegetation of the Cape 
absent, and consequently the waters from Natal lack 
colouration and acidity of the waters from the Table MOUl1ta.iw 
in the Cape Province. 

Reverting to the Table Mountain series in the Cape 
it has already been pointed out that even at the eyes of 
water has generally a faint brown colour and is disti 

'acid side. 
It follows therefore that a certain amount of organic 

picked up on the surface and from the soil, and this is 
removed during the passage of rain water through the thick 
sandstone. When however the ground water issues as a "!c'----,' 
take up more colouring matter and tend to become darker 
more acid, as the stream progresses down the mountain 

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

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

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

Silica shows ,ome 
'7 per cent. SiOz of ' 

This is interesting i 
the so-called h nm 

in orgaJ 
Lirldgren 35, p. 
theory, and st, 

lehl'ee:n humus and sil 
that humic acids 
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evidence collected 
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or 19 per cen 

Soda alkalinity is 
permanent hardne 

averag:u' 19 18· 9 per cen 
chloride. 

Temporary hardn~: 
very low, generally le; 

10' 5 per cent.' of 
The total scale-for 

solids, so that t 
(Compare for example 

cent. of scale-form 
Lime salts only a' 

aver~ IT" 8· 4 per cent.-
would be expec 

There is a small ~ 
Mountain series. 
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oxide stains along th' 

but that ir 
green due to ferrous iI 

Harden (25, pp. 4: 
soils can be a ttacl 
or by the action ( 
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With regard to the 
cornpc)Urlds are readily 
lOlu:tion as ferrous bica 

water contains alar! 
is therefore effe, 

through its absorpti 
In the case of bact 

bacteria. Both thE 
, fact that the water; 
some days. This is 

Iron oxide is al 
to loss of CO z' 
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shows ::ame variation, but is never high, averaging only 

cent. Si02 of the total solids. 
is interesting in view of the fact that it is generally supposed 
so-called humic acids readily attack silica and that waters 
high in organic matter are likely to be very high in silica 

35, p. 2S). Clarke (43, p. Ill) however, casts doubts 
theory, and states that it appears that the alleged relation 
humus and silica is purely coincidental and that there is no 

humic acids can dissolve silica when alkalies are absent. 
the Table Mountain series essentially a siliceous formation, 

wiclen,:e collected by the author in Table 14, strongly supports 
view, since 4' 7 per cent. S102 is very low compared with 

per cent. Si02 of the waters from the basic ro(:ks of the Bushveld 
or 19 per cent. Si02 in the case of the waters from the Red 

alkalinity is never present; instead there is a relatively 
permar hardness figure which is fairly consistent in amount, 

IS '9 per cent. of the total solids and consisting mainly of 
chloride. . 

emporary hardness due to calcium and magnesium bicarbonates 
low, generally less than half of the total hardness, and averaging 

10' 5 per cent.· of the total solids, 
total scale-forming salts only average 26'2 per cent. of the 

solids, so that these waters may be described as very soft. 
for example the waters from the Dolomite series with 91 '0 

, of scale-forming salts). 
salts only average 3'9 per cent. while magnesium salts 

S' 4 per cent.-a ratio of CaO : MgO of 1 : 2' 2. 

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

is a small amount of iron in the waters from the Table 
senes. 

sandstones are characterised by red or brown ferric iron 
stains along the bedding planes or joints in the zones of 

,1lt'llJlt;, but that in depth the sandstones become grey or bluish-
due to ferrous iron compounds. . 

(25, pp. 45-47) 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 

humic acids); both agents are present in waters from the 
Mountain Series. 
ith regard to the former action, Harden showed that all ferrous 

nmmr1< are readily acted upon by carbonic acid and taken into 
as ferrous bicarbonate but are carried as such only as long as 
contains a large excess of carbon dioxide in solution. Precipi-

i" therefore effected by the escape of CO2 to the atmosphere 
its absorption by plant cells (Bacterial action). 

the case of bacterial action, iron is supposed to be precipitated 
Both the above theorie8 would appear to account fqr 

ct that the waters tend to depo~it a little iron oxide on standing 
days. This is either through the loss of CO2 or from bacterial 
Iron oxide is also precipitated on boiling this, of course, being 

to loss of CO2, 
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Now this deposition of iron oxide from waters on 

by no means confined to these waters. It has been shown in a 
section that the crystal clear borehole waters from the 

,often exhibit this tendency, as to the Old granite watel's 
Natal coast (Table 3), and in fact several other type, . 

. has observed, however, that this characteristic appears to be 
,to waters with either a very low or fairly low pH. value (7'0 
and is in no way connected with an exceptionally high iron 
In other words this phenomenon takes place in waters "711-n, 

excess of free CO 2 (consequently with a low pH.) . 
. therefore due to loss of some of this CO2 or to 
,(Bacteria, incidentally flourish in slightly acid solution). 

" From the author's determinations, iron, though always 
:in the water from the Table Mountain series, exists in 
amount. The iron content was found to varv between 0 

parts Fe20 3, the average being generally about o· 2 
A. sample of the so-called "chalybeate spring" at CalledlJll, 
Cape Province, (see sample No. 171, Table 14) tested ,-prpn1'ht; 
author contained only 1·6 per cent. Fe 20 3 (1'1 per cent. 

Rindl (4) has given figures of 1·8-2' 0 parts per I05 

this Caledonspring sampled at different period, while' 
analyses of several waters from the Table Mountain ,PT';PS 

only 0 '2 parts Fe20 3 per 105. The iron content of these 
sampled at the surjace, is therefore very low and is no f!ff,atElr, 

. most waters. 

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

Numbers'of small ferruginous pellets are also found in 
layers of the soils of the Table Mountain series and ~Ulllt:l.11l1.' 
of." laterite " are also found on the surface. These iron oxide 
in the soil originate no doubt in the same way as the <-dol_v"-_" 

described in Section 4, that is by loss of CO2 from the 
,with consequent precipitation of ferric oxides. 

Though magnanese was not systematically determined 
Table Mountain sandstone waters tested, the author C<-I.l.1H' 

calorimetric determination of manganese on a few samples 
nothing more than traces. For 6 samples the Mn content 
~o605 parts Mn to '00I2 parts per 105, hence it appe2Lrs" 

manganese content of these waters is usually very 
occasionally it must be higher, as evidenced by the ~f1!ll'S 
at Caiedon and Constantia Nek. 

The manganese is probably present as manganous hlr'~rl"OI 
'its precipitation is due to the loss of CO2 and subsequent 
i(orprobably to bacterial action). 

(i) Cause Dj Acidity. 

To turn now to the cause of the acidity of the wa 
Table Mountain series in the Cape Province. 
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appears to be little or no reference in the local literature 

this problem. It is generally assumed, howevt;f, that the 
IS due to organic acids, colloquially referred to as " Palmiet " 

. acids), derived from the vegetation growing profusely 
ranges of Table Mountain sandstone. ' 
view of the somewhat low organic content of the W<lters some 

have suggested that the high acidity is really due to free 
, ,,':-- ~\ CO2 dissolved in these waters, though with the exception 

of Hey (27) no work appears to have been done on the subject. 
order to clear up this point the author carried out the following 

(ii) In'oestigation into the Cause of Acidity. . , 
pH. reaction of natural waters (free from organic and mineral' 

like H2SO 4) has been shown to be due to equilibrium between 
.n~\'~n dioxide and bicarbonate ions kept in solution in conjunction 

and magnesium ions Greenfield and Baker, (26); 
author determined the relation between the free CO2 content 

pH, in the case of a large number of different types of waters, 
results are shown in Figure 1. 

author first determined the pH. and free CO2 content of a 
number of crystal clear bore hole and spring waters which were 

any appreciable amount of organic matter and from mineral 
The samples were tested as soon as possible after sampling, 

bottle having been filled to the stopper to exclude air, 
as possible. , 

graph (Figure I) shows that though there is nota direct 
between the free CO2 and pH. there is nevertheless a strong 

in that direction. A large number of the coffee coloured 
from {he Table Mountain series were then tested in a 

manner. It was found that though free CO2 was present in 
waters from this formation in the Cape Province, in no 

the content very high, and the points (free CO 2-pH) lie 
to the left of the curve for the other waters. . 

it appears that natural waters with a free CO2 content 
4 parts per 105 are rare in the Union. There are, of course, 

springs like those in Pondoland with abnormal amounts of 

results of the tests carried out by the author would ,appear 
te very clearly that the high acidity of the, waters: in the 

Mountain series in the Cape Province is not due entirely to an 
amount of free CO2 in solution but rather to organic acids 

derived from the vegetation through which the waterpt;r~ 

at first sight, may appear to contradict the work of Hey 
carried out some tests on one stream, namely the Bosboukloof 

which flows through the Trout Hatchery at Jonkerslroek, 
,. to the conclusion that the acidity was due solely to dissolved 
The following facts however, must be borne in mind :-. 
(I) 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, .flnd is, 
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practically water white, there being not the ~l1i5Ul,"~! 
of any brown colour, in contrast with the 
deep brown colour of the typical streams in 
Mountain series. (Hey does not give a complete 
of this water). 

(2) The pH. of the water was 6·8 as compared with 
to S· S of the vast majority of the typical brown 
waters from the Table Mountain series examined 
author. 

Dr. Hey found that after boiling this pH. rose to 7'0 
that in the case of the J onkershoek stream the acidity was UIIUUU 

due to free CO 2, 

Similar tests to those made by Dr. Hey were carried out 
author on some waters trom the Table Mountain series in l~al:al 
were cystal clear and relatively free from organic matter, 
pH. values from 6· S to 7 '0. The reoults were as follows 

pH. Value pH. 
before Boiling. after 

Sample 422 (see Table IS).··..... ,6·8 7 
Sample 338 (see Table IS)··.·.· . . 6· S 
Sample 339 (see Table IS)..... . . . 6·8 
Sample S3I (see Table IS).,...... 6· S 
Sample S21 (see Table IS)........ 6· <) 

This proved that the very slight acidity of the water 
formation in Natal was due to free CO2, 

Similar tests were then carried out on the samples of coffe("-c< 
acid waters of the Table Mountain series from the Cape 
with the following results :-

Sample Table 

I 
Colour. No. No. 

r05, per 
-'--'- ------ .:.~----------

168 14 V cry Dark brown 0·88 4'50 4,60 
167 14 Very dark brown 0,66 4'50 4. 65 
166 14- Light brown .... 1'00 5'20 5'35 
98 I4 Brown .......... 0'70 6'00 6'20 
57 I4 Pale brown ..... 1'00 6'00 6, I5 
A. Her- Brov.rn ...... .... 0'20 6'20 7' 10 

manus 
Reser-
voir * 

184 I4 Light brown .... 1-00 5'70 5'90 

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

All the above figures were the result of a number of 
tests. 
, The test on Sample A. shows an anomaly. Although 
CO~ (confirmed 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. 
7'0 pH. point. 
. Otherwise all the foregoing tests indicate no appn~CHlbly: 

pH, after boiling in any of the samples tested and 
i'n- ,in r::lC:p ~nnrn~rhprl thp nplltr:::al nnlnt nf '7.f) 

5,5,...--

50 ---

4-0 

Q) 2,0 
Q) 

~ 

10 

o 
+5 

o 
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It is also shown that the acidity tends to vary with the depth 

, and consequently with the organic matter content of the 
(though the determination of organic matter by ignition of the 

solids at low red heat affords only an approximate figure). 
The low free CO2 content of all the waters from the Table Mountahl 

is rather surprising, in view of the organic matter present, but 
low free CO2 content' is confirmed by analyses made by many 

It must be explained that with the exception of the Hermanus 
all the samples tested by the author were freshly drawn. No 
the CO2 figure would be higher through oxidation of organic 
if the water were allowed to stand in reservoirs, etc., for a long 
of time. 

The normal dissolved oxygen content of the coffee coloured 
is high, usually 4' 5 to 6 mls. per litre of O2, 

The results of the foregoing investigations prove clearly that the 
acidity is mainly due to organic acids, and only in small, part, 

to free CO 2, This applies more particularly to the very dark. 
waters. 

(iii) Utilisation. 
In view of the exceedingly low concentration of solid, in all the 

in the Table Mountain series in the Cape Province, they would 
fall into the pure water group E. but these waters 

from others in that group, in having a very much higher 
and a relatively higher chloride content. Their utilisation is 

,uo;"cu under Group E. 
It may be stated here that these waters are potable, and entirely 
ble for watering stock and for irrigation. If untreated they tend, 

iforelnentilon.ed, to corrode pipe lines and hot water installations. 
of the low lime content they would benefit by the addition 

before being used for dome.itic consumption. 
regards the origin of the Table Mountain series, certain 

IAO',dQ Du Toit (14 p. 214), in viewMof the fact that no fish or • 
marine invertebrate fossils have been found, are inclined to 

ew that the formation is of fiuviatile origin rather than marine. 
The results of the water analyses as set forth in Table 14 would, 

sight, appear to point to a sea water origin (i.e. the relatively 
chloride) or to sub.,equent marine transgression after consoli-

of these rocks. One important fact however, must be borne 
amG--In.emountain ranges which are built up of the Table Mountain 

lie not only parallel to the sea, but at no great distance from 
CO;l.st, and the prevailing South-Easterly winds heavily laden with 
impregnated moistures tend to pile up against these mountain 

and deposit their moisture in the form of mi8ts or rain. Hence 
on the seaward slopes of the mountain would tend to be 

.. "-H.""a.ted with salts carried by these winds. 

QUALITY OF WATER IN NATAL. 

Table 15, the author has set out the results of anlyses of 
from the Table Mountain series from the Port Shep3tone, 

Tongaat, Camperdown, New Hanover, Pinetown, Lower Tugela 
Eshowe districts of Natal. With two exceptions these are all 

waters. As in the Cape Province, boreholes in thi." formation 
and far between, on account of the numerous springs arising 

mountainous areas built up of that formation. 
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,: ·.The Natal waters contain very little mineral salts, the 
'concentration being only II'4 parts per 100,000. They 
dmilar to those of the Cape Province, but unlike the latter 
slightly acidic, the pH. value, though low, averaging 6'9 as 
'with the average of 5'7 of the latter. Furthermore, they are 
dear in colour in contrast to the coffee coloured spring waters 
Cape Province and contain only a trace of organic matter. 
,due to the absence of the "palmiet" vegetation w prolific 
<rnountaincountry of the Cape Province. Consequently the 
acids are absent. As shown in a previous page, the slight 
found is due to dissolved CO2, 

The silica,content is higher than in the case of the wo,t",ro 
the Table Mountain series in the Cape, averaging 10'4 per 
.the total solids. 

Fluorides were not found. 

Chlorides, expressed as a percentage of the total solids 
32' I, a figure which, though high, is lower than that in 
(40 per cent.). 

Sulphates at 2' r per cent. S04 are a little lower than in 
Sodium carbonate or bicarbonate, is never present; 

small permanent hardness is always present, averaging 16· 3 
of the total solids. The temporary hardness salts, calcium 
'nesium bicarbonates, are relatively higher than in the Cape, 
19' 3 per cent. of the total dissolved solids, as against 10·6 

in the case of the Cape. 

The total scale-forming compounds, at 33' 3 per cent. are 
bigher than in the Cape waters (26'2 per cent.) but in 
these waters may be described as very soft. 

Lime, at 6·8 per cent, is relatively higher than in the 
Cape waters (3'9 per cent.) and this may be accounted for by 
that the sandstones are not always composed entirely of 
are sometimes slightly felspathic. 

The CaO : MgO ratio at I : I' 5 is less than that of waters 
in the Table Mountain series in the Cape Province (r : 2'2). 

Owing to the low concentration of salt~, these waters 
classified under the very pure water group E. The chemical 
and utili,ation of these waters will be dealt with fully under 
but it may be £tated that for domestic, stock watering, 
most general industrial purposes these waters can be 

The low concentration of salts and in particular the low 
content and the CaO: l\1g0 ratio would not appear to 
contamination with entrapped sea water. The relatively high 
content may be cyclic, that is caused by salt spray carried 
distance inland by wind and deposited by rain, for the Table 
sandstone formation runs parallel with and at no great 
the coast in Natal. 

No data is available regarding the quality of the Table 
sandstone water in Pondoland. 

Sample Numbers., .. , , .2 

Parts CaCO, per re 

Total Solids (at IOG') .. :C 
.. -._--_ .. 

Methyl Orange Alkalini' ( 

Total Hardness,., .... , : c 

Permanent Hardness .... ~ 

Temporary Hardness ... ' ( 

Hardness due to Ca Sa': -_._ .... _-_._-
Hardness due to Mg Sa" ( 

Soda Alkalinity .... , , . ,i1 
c- "=--= 

Parts per 10' of 

Silica (as 5i02) ....... ,:: 

Fluorides (as F) .. ,., .. ,il 

Nitrites ... , " , . , ...... ,il 
_._--"---
Nitrates (as NO,).,. , .. ,il 

Chlorides (as Cl) .. " , .. :: 

Sulphates (as S0,) .. , , . :: 

Potassium Salts ....... .Le 

pH. Values .... , , , .. , . :: 
~===='C==="'=' .=t""--= __ r 

Percentage on Tote 

Si02 , • , ••• , .•... , . , , . , : ( 

CaO ..... " .... ", .... :' 

MgO .. , ... " .... " ... :: 
---._--
CL ...... , .... , .... ". ,., 

SO.:! •.. ,., ....... , .... ,'; 

SOda Alkalinity (as Na)l 

Total Hardness (as CaC' ( 

Permanent Hardness (a,:' { --•• --~---
Temporary Hardness (a,' ( = __ .. ____ ... _______ ... _____ m"_._ ... _....:-k 

Ratio CaO : MgO .. " ,,3 
J;;;~_ n •• ___ • ____ • __ ., ____ ~ 
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TABLE No. IS·-TABLE MOUNTAIN SElUES, CAPE SYSTEM IN NATAL. 101 

4' 4' 4 22 33-" 339 529 53' 532 518 521 I Average 

. 
~.--.------ --'" -""-"-,-- --._----.---------

roS 'Vater: , , 
~nu:; IdoL .1V"I·.... w·o 0'5 ! ____ I-=----=-_:~ ___ T-=-.:" __ I 17'0 14 0 L ~-l 0'0 _ I_I~2___ I7'2 ! Il'4 

"Orange Alkalinity. 3'0 25! 16 ' 9'') 1 1'5 i 18 3'5 I 05 '1'0 1-0 i 2'0 I --.+ .. ----~ -_·-----1-----. -- ,----- I 1 ----,---- --(-.~---(-'-

* Deposits iron oxide on standing. 
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====""~.~',~,.--. 

District and province. Locality, Description and Remarks. Date. Sampk 
No. 

i BorchoJc 
Depth. 

__ . ___ ._._ ___ _ ____________ f __ ~ __ _ 

Fect. ' I 
,p i Pillctown, Natal. _. Spring, Electric Substation, ).larianhill.. I 23/ 4/37 

-.1---- _______ . ---------~ :- --,-------. 1----

4' Pincto"tD., NataL.. i Spring near Electric Substation, DclviIlc Wood ................ ! 23/ -'1/37 
_: __ . _________ .____ ._---_ ... _--_ ... !-.. ----- --I ---' --------,------

5 I8 _ [ Pinctown, Nato.l. _ _ _, " Spring at Waterfall, Pinetown, near Durban................ i l3/ 3/42 

347 - -j Pinetown, Xata-l-. ----- - ... ,---.-.-.. -... 160 ! Borcholc in Pinctown, Mrs. Wright's house .. _ ........ ~-.-.-. ---!~~ 

4 22 
'··--·'E~N;t-~~:·~~~-.--.- .... ~~~.~----- ---I Spr~'EshO"we {Dr. Ockerse AnaL D.CS)........... 1941 

-- 338 . I Camperdown, Natal.. ----~-- i 
--- 339 _, ; Port Sh~~O~c Natal "._ .... __ . __ .. _.-_ .... <------.. ~.--

::'pnng, lJmJazi Location, IS miles West North-West of Isipingo 

Spring, Oribi Gorge, 15 miles \Vest South-West of Port Shepstone. il 

20/ 3/4l 

Lower Tugela, Natal. 5'9 '29 

i ____ I 

i Bo~tr~~~,~a~~"~~~ Errydalc (W . ~~~l_i~~)_ ~~~.t.: .~~l~~ .~~~~-.~v:e.s~ I 1/ 4/42 

27/ 3/4l 

-----;-- --.-----.. -- -- - - ----
531 I New Hanoyer, Natal. ____ ~_....:.~ .. _·_1. __ 

New Hanover. NataL .... ,. 
.-~.--

Spring just below Noodsberg................ I 1/ 4/42 

Boreholc at Wartburg, East of Pictcrmaritzburg, ~~.-~-rV 4/42 
,----

':. ~~ring_.:_~il~~ .~?:th-~~~_~f .. :..tan.e;cr. -..:..:. ______ . __ 1_2 IJ--1/1.:' . £_~ __ ._!--_~.",,-?_r_ ~~la, North Coast .. ~_~~~...:: 
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THE WATERS IN THE BOKKEVELD 
SERIES, CAPE SYSTEM. 

The Bokkeveld series passes upwards with( 
_ series, and for the purposes of this stud 

be considered together. 

DISTRIBUTION AND RAINFALl 

The Bokkeveld series, which lie confonnably 0 

forms low lying ground between the moUl 
sandstones in the" Folded Mountain 

and Southern Cape. 

The Witteberg series, consisting mainly of 
comparatively low ranges of hills of an' 

distinguished from the higher ranges 
in the vicinity. 

The rainfall in the areas occupied by these 
very poor, averaging from about Is".per an 

to 10" in the Willowrnore district. 

GEOLOGY AND LITHOLOGY. 

the Bokkeveld series shaly or slaty be, 
sandstone and quartzite beds, while in the 

the reverse obtains. 

The Bokkeveld series consist of dark blue t 
and mudstones with some micaceous fiagst 

are sometimes carbonaceous and rich i 
Some feslpathic sandstones occur, but 

are siliceous. The soils are rather clayey 

The \Vitteberg series is predominantly arena( 
fine grained and white in colour. Th~ 

;,~ommonly micaceous and occasionally carbon; 
flakes_ 

the shale and quartzite beds of the ' 
into acute folds. Fossils are not { 

of plant remains. 

age of the Bokkeveld series has been 
Middle Devonian and that of the 
to Lower Carboniferous. 

the point of view of this study, the i 
Bokkeveld beds are definitely a mar 
down under salt water, while the 1 

beds are generally regarded as having 
or fluviatile conditions. Further refE 

UNDERGROUND WATER SUPPL 

Toit (2, p. 121) states that the yields 
districts of low rainfall such as Princ! 
muOIC, yields of from 20,000 to 50,000 ~ 

cOIlUnon, but in Uitenhage the average yi 
~~~s" per diem. Du Toit points out that 
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WATERS IN THE BOKKEVELD AN:O WITTEBERG 
SERIES, CAPE SYSTEM. . 

Bokkeveld series passes upwards without a bteak into the' 
series, and for the purposes of this study, the two formations 

<ca,nsi.del:ed together. 

DISTRIBUTION AND RAINFALL. 

Bokkeveld series, which lie conformably on the Table Mountain, 
~"r"'o low lying ground between the mountain ranges of Table • 

. sandstones in the" Folded Mountain Belt" of the South-. 
and Southern Cape. . .. ,. 

Witteberg series, consisting mainly of quartzitic beds, tend 
comparatively low ranges of hills of an' almost white colour, 

iUl~L1Jll~lH'~llt:U from the higher ranges of Table Mountain 
in the vicinity . 

. rainfall in the areas occupied by these formations is, on the. 
poor, averaging from about IS" per annum in the Uitenhage 

to 10" in the Willowmore district. 

GEOLOGY AND LITHOLOGY. 

the Bokkeveld series shaly or slaty beds predominate, with, 
sandstone and quartzite beds, while in the succeeding Witteberg: 

reverse obtains. 

Bokkeveld series consist of dark blue to greyish or greenish' 
mudstones with some micaceous flagstones, while the lowest 
are sometimes carbonaceous and rich in marine invertebrate 

Some feslpathic sandstones occur, but the higher sandstone 
siliceous. The soils are rather clayey and sweet. 

Witteberg series is predominantly arenaceous. The quartzites 
fine grained and white in colour. The shale and flagstones. 

nmlon]lv micaceous and occasionally carbonaceous with occasional 
flakes. . 

the shale and quartzite beds of the Witteberg series have 
into acute folds. Fossils are not common, and consist' 

of plant remains. 

age of the Bokkeveld series has been generally regarded as' 
to Middle Devonian and that of the Witteberg as Upper 

to Lower Carboniferous. 

the point of view of this study, the important fact is that. 
Bokkeveld beds are definitely a marine formation, having 
down under salt water, while the upper Bokkeveld and 

. beds are generally regarded as having been laid down under 
or fluviatile conditions. Further reference to this will be 

UNDERGROUND WATER SUPPLIES. 

Toit (:2, p. IZI) states that the yields are generally. good;· 
districts of low rainfall such as Prince Albert, Oudtshoorn 
WU:lUle. yields of from :20,000 to 50,000 gallons per diem being 

cornmon, but in Uitenhage the average yield.is low, being only 
5""lV,.1~ per diem. Du Toit points out that the water is generally 
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Frommurze (3, pp. II7-120) states that in the ioide<l' 

permeability of the rocks is increased and infiltration 
tated by the highly tilted and cleaved nature of the beds 
are good in quantity, but brackish and sometimes 

The average depth at which water is struck is 
under roo' except in the Alexandria district. The' 
failures is generally low, but the percentage of very 
well over 40 per cent. In the Witteberg series the yield 
uluch poorer owing to the quartzitic nature of the rocks and 
gives an average of about IO,OOO gallons per diem at f1I'T)tl1: 

over 200 ft. (except in the Prince Albert district). 

QUALITY OF THE WATER. 

Quite a number of fairly important centres are 
Bokkeveld and Witteberg formations (e.g. Caledon, U",'c 'HU.<"",, 

more, Bredasdorp, Steytlerville, Grahamstown, Bathurst 
Alfred) but most of these towns draw their water ~Uf)P!JLC'" 
mountain streams of the Table Mountain sandstone LVLlH"'''' 

is indeed fortunate for the waters from the Bokkeveld 
a less extent, the Witteberg, are decidedly brackish. 
towns however (e.g. Willowmore) are still dependent 
borehole supplies from the Bokkeveld beds. 

In spite of the fact that borehole waters are not 
great extent for domestic or industrial supplies, these 
nevertheless of great interest to this study, on account 
that some of the Bokkeveld series at least, were without 
laid down under the sea. 

The author had great difficulty in obtaining s·,llUplE:S. 
from the Bokkeveld or Witteberg beds, owing to the fact 
number of boreholes in these formations have long ago 
on account of salinity and a better quality water obtained 
sources, and has therefore included in the analyses of 
samples as shown in Tables 16 and 17 several of Jl11+t?:~. 
(5, pp. 478-479) made about the year I908, which nnj'()rtrl1 
not complete. 

Samples were drawn from the Willowmore, Caledon, 
Uniondale, Prince Albert, Laingsburg, Albany and Worctoste 
and although few in number they are fairly representa 
Bokkeveld and Witteberg formations. 

It must be emphasised that there is no clear line of 
between the upper Bokkeveld and lower Witteberg shales, 
water samples included in the Witteberg shales may ori:gil,) 
Bokkeveld horizon. 

The most ~triking feature of the waters from the 
is the very high salinity, the average concentration 
200 parts per 100,000. There is a gradual decrease in 
the Witteberg quartzite zone is reached. These quartzites 

, of very low concentration, the average being about 
roo,ooo. The Witteberg shales, however, yield water 
concentration of 90 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 Witteber 
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the Witteberg series, the shale zones yield water with an 
of 43 per cent. Cl. and the quartzite zones 31 per cent. As 
to be the case in all saline waters the silica content is very low, 

under 2 per cent. The Witteberg quartzite waters, on the 
show an average of IO per cent. Si02 in terms of total 

sulphate content of Bokkeveld waters is high (I3' 5 per 
SO.). Those from the Witteberg beds, both in the shale and 

zones show an average of over 15 per cent. SO., though 
absolute amount of SO. in the latter is low. 
Except in the case of waters from the Witteberg quartzite zone, 

predominates slightly over magnesium . 
There is insufficient data regarding fluorides. 
Na2COa or NaHCOs is very rare; instead there is nearly always 
pp:rec'iable permanent hardness (over 17 per cent. as CaC0 3). 

Although most of the Bokkeveld waters are exceedingly hard 
i'dn.ess figure of over 100 parts CaCOs per I0 5 being quite common) 

terms of total solids the scale-forming compounds only comprise 
cent. of the total salts. The Witteberg shale waters show a 
lower hardness while the waters from the quartzite zones 

a hardness of only about 3 parts CaCOs per lO S (or 32 per cent. 
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 

11~a.Ll·l)11 of these waters and the necessary corrective chemical 
is discussed under Group A. It may be stated here however, 

for nearly all industrial purposes and for use as boiler feed in 
plant, the waters from the Bokkeveld shale beds are far too 

The majority of these waters are non-potable on account of salinity 
they could be used for watering livestock. 

few of the waters may be too saline for irrigation purposes, 
used in the case of loose porous soils, but the majority are 

The remarks apply to a less extent to the waters from the 
,""c.h,,·ro shale zones, but the Witteberg quartzite zones yield very 

water as far as concentration of salts are concerned. 
The Witteberg quartzite waters would appear to fall into the 
water Group E, as the concentration of salts is low, but the 

content, though low in actual amount, is relatively high in 
nrHwt;r>1'1 to the other radicles 31 per cent.) and in very dry seasons 

this water would tend to become slightly brackish. . When used 
water in steam boiler plant the chloride would tend to accumu

fairly rapidly in the boilers, but for all other purp03es this water 
be very suitable. 

The very high salinity of water from the Bokkeveld beds can 
be explained. 

grounds it has been established that the 
beds were laid down in sea water, and, since these beds 

pn,dc)mina,ntly argillaceous, any contained and adsorbed salts 
not be readily leached out even though a considerable period 

time had elapsed since the deposition of these beds. In other 
these beds would be likely to retain connate sea water. Further, 
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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 cOlnp, 
of the average percentage composition of Bokkeveld waters 
of sea water is most striking. This comparison is given in 

The same relation between the constituents obtain as in 
of oceanic waters, i.e. Cl> S04> COs and Na>Mg> Ca. 

It will be noted however, that, imtead of the 
dominating the average CaO : MgO ratio is I : 0 . 96, though in 
waters the ratio is I : 2·6. It must be borne in mind that 
shales seem to be slightly calcareous, a fact which is reflected 
somewhat sweet nature of the Bokkeveld soils. 

Palaeontological evidence as to the marine origin of the 
beds is absolutely conclusive, but even if this were not the 
is contended by the author that a comparison of the 
composition of the Bokkeveld waters with that of sea wa,ter 
out in Table 27, would definitely point to the marine origin 
beds. 

On palaeontological 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 
however appear to indicate that salt water, or at least OntCKISIl 

conditions prevailed even up to the deposition of the 
quartzites. As regards the waters from the Witteberg 
zone, it mUet be borne in mind that from the veIY nature 
sandstones they would be less likely to retain connate sea 
the underlying Witteberg shale beds, and being porous 
in time to have most of the original salts leached out of 

XVII.-THE WATERS IN THE DWYKA SERIES 
KARROO SYSTEM. 

The Dwyka series, the lowest member of the Karroo 
of course, of very great geological interest on account of 
tlrigin, but from the point of view of this study it is not 
important as some of the other members of this group, for 
the Beaufort series, for tbe areas directly underlain by 
are somewbat sparsely populated and contain few centres of 

DISTRIBUTION AND RAINFALL. 

In the Transvaal the Dwyka series tends to be covered 
Ecca series. Small outliers of the Dwyka tillite occnr. in the 
Transvaal in the Witbank, Middelburg and Pretoria districts, 
formation is very thin and of small extent and of no i'I nport:! 
this study. 

The Dwyka series forms the rim of the vast Karroo 
partly encircles the central portion of the Union, South of the 
In the South-East Cape the formation disappears beneath 

Except in the Bechuanaland, Calvinia, Prieska, 
Kimberley districts, the exposures of Dwyka tillite 
hp1t~ Tn th" Tnm.waal and Cane Provinces tbe only ceIltnl* 

1 

1 

1 

" 

Sampl 
No. 

3521 

209 

25° 

419 
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3 concerned are those with limited rainfall, so that on 
cted circulation in the rocks, the process of dilution 
wone. 

n the case of water from ~l~e MalmesbUlY saltes, a cornpari~ 
"erage percentage cOmposItion of Bokkeveld waters with th 
:tter is most striking. This comparison is given in Table 

same relation between the constituents obtain as in the 
c waters, i.e. Cl> SO, > CO, and Na> Mg> Ca. 

';U be noted however, that, imtead of the magnesium 
ng the average CaO : MgO ratio is I : 0 '96, though in a 
le ratio is I : 2 ·6. It must be borne in mind that there 
;m to be slightly calcareous, a fact which is reflected in 
t ~\veet nature of the Bokkeveld soils. 

;>.ontologicaI evidence as to the marine origin of the BOkkel •... 
bsolutely conclusive, but even if this were not the cas 
ded by the author that a comparison of the percen 
on of the Bokkeveld waters with that of sea water < 

lble 27, would definitely point to the marine origin of 

)aIaeontological evidence it is assumed that there 
1ange from the purely marine phases of sedmentation 
· Bokkeveld to fluviatile or lacustrine conditions 
· period. Du Toit (I4, p. 228). A study of Table I7 
.ppear to indicate that salt water, or at least brackish 

prevailed even up to the deposition of the ~~ .. 
As regards the waters from the 

m:::t be borne in mind that from the very 
; they would be less likely to retain connate sea water' ..•. :. 
lying Witteberg shale beds, and being porous would 
, have most of the original salts leached out of ,1 . 

'IE WATERS IN THE DWYKA SERIES OF 
KARROO SYSTEM. 

)wyka series, the lowest member of the Karroo 
of very great geological interest on account of 
from the point of view of this study it is not 

as some of the other members of this group, for 
'ft series, for tile areas directly underlain 
lat sparsely populated and contain few centres of imp0rl 

DISTRIBUTION AND RAINFALL. 

Transvaal the Dwyka series tends to be covered 
· Small outliers of the Dwyka tiIlite occur. in the 
n the Witbank, Middelburg and Pretoria districts, 
s very thin and of small extent and of no importal 

w:yka series forms the rim of the vast Karroo 
des the central portion of the Union, South of the 
:h-East Cape the formation disappears beneath 

in the Bechuanaland, Calvinia, Prieska, Hopeto1 
districts, the exposures of Dwyka tillite form 
e Transvaal and Cape Provinces the only centres 

TABLE No. 16.-BOKKEVELD SERIES-CAPE SYSTEM. 107 
~~-.-~-.. -.-

Numbers. 352A 35 2C 251 209 250 25 2 4I9 Average 

Parts CaCO~ per IO~ \Vatcr: 

56 -0 Z35-" 

Percentage on Total Solids: 
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Sample 
No. 

352A 

.:2 __ 

DESCRIPTION OF SAMPLES IN TABLE No. 16. 

District and Province. 

Willowmorc, Cape Province ..... 

Caledon, C~p~ Provin~~:...:.:....::...:": .. ::_:....:":...:...:_ 

Borehole 
Depth. Locality, Des.cription and Remarks. 

lID 

Sampk 
No. District and Province. 

DESCRIPTIO}: 

Ba 
]) 

"·:54 _ i La.ingsbur;::;, Cape Province .. 

. --~~-;-~ T~lb~~' :--C~~;~-l;l~~l~~~- ----- - "'-~"~----

"::53 (a) "\1\)<10),. Cape Provincc. 

·!1X \VoreesV;r, Cape Frovlncc . 

. ~8'1- Lain;;sburg, Cape Provinec . 

. ;92 Albany, Cape Province. 
-~:--

"210 (a) Uniondalc, Capc P:W,illCC. 

210 Uniondale, Ca.pe Province. 

2I6 Prince Albert, Cape Province. 



TABLE Ko. 16. 

Locality, Description and Remarks. 

Dorehole, \\'ehmeyer Street, \Villowmore .. 

borebo1c, Kny:ma Street, c.:"1.pe Province ..... . 

S, ell! Plessis. Viiillowmore .... 

Antonic Siding (AnaL ]urih) ... 

. _ .. _---... ~.-----.,.--::::::::: 

Date. 
i_, ___ 

i [6/ 4/41 :
I 16/ 4/41 
~!~---

i 16/4/41 i---
1908 

254 

per iO-' \V)ttcr: 

TABLE No. lj.-\VITTEBERG SEH.IES-CAPE SYSTEM. 

------, 
SHAL1,- BEDS. QU,\RTZITE ZONE . 

-.. ---~----------

253 448 253 (a) 48.1 492 Average 21O (al 210 216 

10·8 

3 5 

. '.----:- -- ., { 1'- ~\;II j () O' !." 1'0 1'0 J\.Jlpg'l1: \J\nal. ]UfJtz 143)· 19(J8 :.1~11Cn1: .naronc~~... la 9 _ ) 5 I _ .. _----,. 
5 4 

Landdrost Plaats (Jmitz Rcf. 14·5)· 1908 

at Armocd (Dr. Ockcrse-Anal. D.C.S.) .. ~--'~-1940 

at Calcdon ~~~~L __ J:~~!,~':.!.±0----=--.:..:: ..... . 
.- .. ---

_!_908 

J '0(' 0'97 , ·0 I .. ~ 

- --.-------~ 

r.:il 

l\"il 

Tot;d Solids: 

10<) 

,\ v(:ragc 

10' () 
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Sample ! 
District and Province. No-. 

DESCRIPTION OF SA1iPLES IN TABLE No. 17. 

Boreholc 
Depth. Locality, Description and Remarks. 

25·~ Laingsburg, C:tpe Province. Borcholc at Twccdsidc (Jnriiz 1(;2, And. Govl. Lab.) ... 

253 ;\11>any, Cape l'rovincc~ 1"20 lJorehole at .\liccddc ((;co1. Survey :\lcmoir 32, :;\0. :'1-151, Anal. 
Govt-. Llb.). 

--~~----~-~ ---.~ 

":53 (a) .\lhan),. Cape Province. nnn:i]o!e at 
.. 0"_' •• - _ 

-['IS \\'orccstcr, Cape Province. iK) 

----.-_ .. 
:: 10 ((l) l:ni()lldalc, Cape PW'I.·incc. Sprin(; water No.:\, Toyerwatcr Poort (Geol. Stlrvcy :l\-tcmoir 32, 

?\o·3,1,(1). 1908,'" 
~~~~-i-----~~~-~--~~~~-- --~-,~---~----

210 'I' Uniondalc, Cape Province. Srring water No. 1, Toven\'ater Poort (GcoJ. Survey !l.1emoir 32, 

~~~~_i~~~ NO·3·1(lT). ---.•. ----.~~~--~---
2,6 Prince Albert, Cape Province. '~6 \Vdl, South side of Prince Alhcrt. _ ~~.!.2{".?B~ 

HI 

on the Dwyka formation arc Kimberley, Hop, 
Christiana, Laingsburg and Prince Albert. In Nat 

forms narrow belts of countty more or less parallel to t 
the only centres of importance arc Stanger, Camperdown am 

North-East Durban. 
The rainfall on the Dvvyka formation in the Cape Provi 

the whole, very poor but higher in the \-Vestern Transva 
ldoland A, 

Ra 
Laingsburg-Prince Albert area ........... ·· ..... , 5 
Calvinia, Gordonia, Kenhardt, Bushmanland districts 5 
Vryburg area.... . . . . .. . . . . . . . .. . . . .. . . .. . . . . . . I~ 
Pondoland. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 4( 
Natal Coastal area'3 ...... ··· ......... ... .... .... 4< 
Bloemhof-Christiana ... _ .... _____ .... _ ...... - . .. I; 

GEOLOGY AND LITHOLOGY. 

There are several natural occurrences of some economic imr 
on the Dwyka series, for example, the brge number 

s, some of them large producers of common salt, are locate 
oberley district in the Cape Province and between Chrish 

Britten in the Transvaal. 
The carbon dioxide springs in Northern Pondolancl and th 

t'Conntv_ Natal, .described by R. B. Young (30), and also by 
arise in the D\vyka til1ite, while the travertine marble 

Port St. Johns described by Kupferburger (32) arc associa 
waters. 

The Dwyka series is of limited thickness as compared' 
members of the Sy:;tem. 

formation, has been divided by geologists into th 
Glacial Tillite, and Lower Shales, but in many pI 

shale beds are absent, while in other places both t) 
the Upper shale beds are missing. 
The tillite is essentially an acient ground moraine, but 

boulder-shales and fluvio-glacial beds are al~o present. 
The tillite varies some\vhat but is generally a very corn 

;' 'Very hard, fine grained impervious blue and green material, 
particles of various rocks embedded in a bne grained art 

in which are a1.-:.o scattered irregular pebbles and be 
of rocks, some of them being glacially" striated". 

is of particular interest to this study- is the fact 
(3", p. z50 ) that the Dwyka tillite (like all gla< 

more fresh and decompo . .:;able primary rock matl 
other series of the Karroo system, with the exception 

the Karroo dolerites and Stormberg lavas. The bearir 
the composition of its waters is discussed later. 
The thin" Upper Shale" beds above the D"J'ka tilli 

black in colour and carbonaceous. Occcasionally the sta. 
its base, phosphatic nodules, as \vell as concretions of 
dolomite. There is generally a fair amount of sulphid 
. form of pyrites and marcasite, sometimes in nodI 
Iron sulphide content of the Upper Shales has, as will 
, an important bearing on the composition of the Dw) 

certain areas. Analyses of the Dwyka tillite rock are g 
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on the Dwyka formation are Kimberley, Hopetown, 
Christiana, Laingsburg and Prince Albert. In Natal the 

forms narrow belts of country more or less parallel to the sea 
only centres of importance are Stanger, Camperdown and parts 
-East Durban. 
rainfall on the Dwyka formation in the Cape Province is, 

whole, very poor but higher in the Western Transvaal and 

Laingsburg-Prince Albert area .................. . 
Calvinia, Gordonia, Kenhardt, Bushmanland districts 
Vry burg area ................................. . 

. Pondoland ..................................... . 
Natal Coastal areas ............................ . 
Bloemhof-Christiana ........................... . 

GEOLOGY AND LITHOLOGY • 

Annual 
Rainfall. 

5"-10" 
5"-10" 

15"-20" 
40 "-50 " 
40"-50" 
15"-20" 

There are several natural occurrences of some economic importance 
ted on the pwyka series, for example, the large number of salt 

some of them large producers of common salt, are located in the 
hprl"" district in the Cape Province and between Christiana and 

in the Transvaal. 
The carbon dioxide springs in Northern Pondoland and the Alfred 

. Natal,. described by R. B. Young (30), and also by Gevers 
arise in the Dwyka tillite, while the travertine marble deposits 

Port St. Johns described by Kupferburger (32) are associated with 
waters . 

. The Dwyka series is of limited thickness as compared with the 
members of the System. 

The formation. has been divided by geologists into the Upper 
Glacial Tillite. and Lower Shales, but in many places the 

lower shale beds are absent, while in other places both the Lower 
the Upper shale beds are missing. 
The tillite is essentially an acient ground moraine, but in places 

and fiuvio-glacial beds are also present. 
The tillite varies somewhat but is generally a very compact and 
hard, fine grained impervious blue and green material, m:1de up 

of various rocks embedded in a fine grained argillaceous 
in which are :11.50 scattered irregular pebbles and boulders of 
of rocks, some of them being glacially "striated". 
at is of particular interest to this study is the fact, pointed 

by Gevers (31, p. 250) that the Dwyka tillite (like all glacial clays) 
.1L"'11· l~ more fresh and decomposable primary rock material than 

other series of the Karroo system, with the exception perhaps, 
Karroo dole rites and Stormberg lavas. The bearing of this 

the composition of its waters is discussed later. 
The thin "Upper Shale" beds above the Dwyka tillite is blue 

[lIC"", in colour and carbonaceous. Occcasionally the stage carries, 
its base, phosphatic nodules, as well as concretions of lime3tone 
dolomite. There is generally a fair amount of sulphides of Iron 

form of pyrites and marcasite, sometimes in nodular form. 
iron sulphide content of the Upper Shales has, as will be shown 
an important bearing on the composition of the Dwyka water" 

"PlrT,,'m areas. Analyses of the Dwyka tillite rock are given later 
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UNDERGROUND WATER SUPPLIES. 

The Dwyka tillite is hard and very impervious; the 
being only a few per cent. Du Toit (z, p. 122) points out 
that in spite of this and the low rainfall, good supplies can be 
by boring in many places in the Southern Cape Province (e.g. 
fontein and Prince Albert), owing to the fact that the rock 
areas is strongly cleaved and jointed. In Natal, Zululand and 
land the Dwyka tillite is uncleaved and only slightly jointed. 
fore in spite of the high rainfall in these areas the yields are 
boreholes few and far between. Gevers (31. p. 248) also refers 
imperviousness of the tillite in Natal, and the resultant 
boreholes in that formation. 

Frommurze (3, p. 156) furnishes the following data reE:arclml 
Cape Province, but gives no details about the tillite in 

A vel'age Yield 
in Gallons. 
per Diem. 

Laingsburg-Prince Albert 
areas ................ 15,000-40,000 

Calvinia, Kenhardt and 
Bushmandland districts 

Vryburg .............. . 
Gordonia ............. . 

z7,000 
z8,000 
II,500 

A'oerage 
Depths. 

Under 100' 

Under 100' 

Under 100' 

ZOO' or n10rc 

QUALITY OF THE WATEH. 

(i) In the Cape Province and Western Tmnsvaal. 
There are very few towns or villages situated on the 

serie~, while in the North-Western Cape the country is very 
populated. Furthermore, many boreholes have been 
account of the high salinity of their waters. The author 
had dif:ficulty in collecting samples and has been obliged to 
among his anlyses, data from other sources, which 
were not complete. He is indebted to Dr. T. Ockerse for 
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 I8 the analyses of fourteen samples of Dwyka 
given from widely separated localities covering the forma 
well. 

Analyses of " brine" from the numerous salt pans, SW""". 

the Dwyka series in the Cape Province and Transvaal are not 
in the Table as these are regarded as abnormal concentranullO 
Dwyka water. I\.eference to these Dwyka " brines" is made 

The concentration varies considerably and depends Ot'VIU'U 

climatological factors, but is never low, averaging about I 

per IO". 
The pH. varies but appears to be on the high side (aVcr'a~1 

though data are insuf:ficient to allow of generalisation. 

A characteristic is the low soluble silica content. 
little but is always low, averaging 3'0 per cent. of the 
As previously mentioned all saline waters have a low silica 
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Fluorides are sometimes present but in very small amount, except 
in the North-West Cape. The larger amounts present 

area may be accounted for by the fact that part of the inclusions 
tillite in the North-Western Cape at least, was derived from the 

terrain of that very region. As shown in a previous section 
Old granite of the North-West Cape gives rise to fluoride waters. 
Chlorides naturally vary according to' the concentration, but 

expressed as a percentage of the total salts are found to be 
lSl~;te11t high, averaging 30 per cent. Cl. 

The chief characteristic of the Dwyka waters in these areas is 
striking consistency of the sulphate content, which averages about 

cent. S04 of the total salts. On the contrary, the Dwyka 
of Natal are characterised by the very low sulphate content 

than 2 per cent.). The only other formations yielding waters 
as high an S04 content are the Bokkeveld series, the Old granite 

of the North-West Cape, and, to a slightly less extent, the 
series in the Cape Province. 

Na 2CO s or HaHCOs are never found in the Dwyka waters, but 
there is always an appreciable permanent hardness averaging 

cent. (as CaCOal of the total salts. About 48 per cent. of the salts 
scale-forming; the bicarbonates of calcium and magnesium making 
about 28 per cent. 
The average CaO : MgO ratio is I : 0 '92, but ratios of I : 2'0 are 

found. 
The very high salinity of the waters and their relatively high 
and Cl. contents automatically place them in the saline water 

A. The utilisation of and chemical treatment for industrial 
rposes 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 
only totally unsuitable for industrial uses, but are really only 
ble for human consumption in an emergency. A few are even too 

for watering livestock and, for irrigation, should only be used 
case of loose, well drained soils. 

Most of the salt produced in the Union comes from salt pans, 
on the Dwyka tillite or Dwyka shales in the more arid Western 

of the Union, from Calvinia right up to Britten near Bloemhof 
Western Transvaal. 

Although Eome work has been carried out regarding the origin 
pans Du Toit (14, pp. 424-425) the origin of the salts in the 
appear to be a m,ttter of controversy and little or no work has 

done on the subject. 
In view of this fact the author has worked out the relationship 

the composition of the brines and the ordinary Dwyka 
waters. Curiously enough very few complete analyses of the 

from inland pans appear in the local literature. * In the following 
two analyses made by the author in 1922 of brines from the 

pans, are given, together with two analyses cited by Rindl 
and for comparison, the average analyses of Dwyka borehole 
, taken from the author's Table 18. 

~""i""".Y a chemical investigation h'BS been carried out on the brines of the 
pans in 1944 by the Salt Committee of the Directorate of Supplies. 
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It will be observed that there is a close resemblance in 

composition between the brines and the ordinary Dwyka w~Ltp.'r~ 
taking into consideration certain factors. 

The percentage of chloride is higher and that of 
usually slightly lower in the brines. There has been an allUU:;Y 

elimination of calcium in the brine and a partial elimination 
nesium. Consequently the total hardness is reduced 
These facts are, however, readily explained on ordinary 
solubility, i.e. the solubility of CaC03, CaS04 and MgC03 and 
in a highly concentrated NaCL solution. That this is so is 
by the hard deposits found on the floor and rims of the pans. 
deposits consist mainly of CaSO. and CaCOs with a smaller 
of Na2SO •. 

Specific gravity ........ .. 
Total solids per 105, .•••• 

Per cent 011 Total Solids. 
CaO ................... . 
l\lgO .................. . 
CL .................... . 
S0 .................... . 
Soda Alkalinity ........ . 
Total hardness (as CaCO,) 

Ratio CaO: MgO ....... . 

Complete analyses of 
sal ts in the above 
brines ;-

NaCL ................ . 
KCL ................ . 
M ............. .. 

No.!. 

Brine 
Britten 

Pan. 

1' 21 3 
25,000 

0'28 
4'00 

48 '5 0 

14. 80 
Nil 

10'5° 

I : 14 '2 

77'50 

3'24 
12'00 

7' 10 
0'50 

No. 2. 

I'ZOO 
26,000 

o'zo 
3'25 

48 .80 
11·80 

Nil 
6·80 

I : 16'2 

76. 52 
6'08 
9'76 
5'58 
o· 

No. 3. 

Brine? 
(Rindl). 

0'90 
0'70 

55'00 
5'60 
Nil 

3'40 

I : 0·8 

2'00 

3' 10 
2'20 

No. 

0'09 
1·60 

5°'00 
12'40 

Nil 
4' 10 

I : 18'0 

84'00 

4. 60 
I2'20 

0'20 

Thus the concentrated brines do not differ basically 
ordinary run of Dwyka ground waters, and the problem of 
of the salts in the concentrated brines is bound up with the 
of the salinity of the Dwyka waters, which is discussed 

The origin of the high chloride and sulphate content of 
waters in the Cape Province and Western Transvaal is dl,;CUSS~ 

(ii) Quality of the Dwyka Waters in Pandaland and 
The paucity of boreholes situated in the Dwyka of 

already been mentioned, but the author has managed to 
analyse 6 samples of borehole and spring water, and has 
one analysis of Dwyka water by another analyst. The 
also shown in Table 19. The districts covered are the 
Camperdown, High Flats, Umzinto and Lower Tugela 
NataL 

In strong contrast to the highly saline Dwyka waters 
of the Union, the total solids average only 44 parts per 
as compared with about ISO parts in the case of the fm·mlf!.l 

This faet can be accounted for partly by the high and 

:RN TRANSV 

Sample 
368 

-----1 

Par 
, 

i 
402 '0 I 
ro·o I 

TotalS, 

Methyl 
----__ 1 

Total H 

Perman· 

Tempor I 

9 2 '0 

82'0 

ro'o 

Hardne, -5~~-1 
Hardne,-

4 0 '0 

Soda A Nil 

~=I -

Silica (I 2'6 

Fluoridl 
1---' 

Trace 
------

Nitrites Nil 
'-

Nitrate~ Nil 

Chloride-- ----_. 
23°'0 

-
Sulphat, -

6'0 
~---------

Potassiu Under 
0'5 

pH. Vat 
7-- 0 

7'9 
~-~ -== 

Pet 
I 

5iO, .... . 

CaO ... . 7'2 

~1:g0... 4'0 

Cl. ..... ~~-
S ·---1-
0,.... (1'5) 

Soda A Nil 



Lt of 

25.320 
~"--

0'°9 
1,60 

5°'00 
lZ'4° 

Nil 

14'°0 

4'60 
Z'20 

0'20 

384 

Caco", per 106 Water: 

10& of Water: 
'50 

(as SiO~)., 

Iz·60 
IX '60 

0'3 

Solids: 

TABLE No. I8.-DWYKA SERIES-KARROO SYSTEJ.'Y.[ IN CAPE PROVINCE AND WESTERN TRANSVAAL. 

38 5 38 , 380 

0'18 0'02 

0·2 0·8 0'°7 

224 

3'2 

0'02 

0'5 

295 

2'0 

Under 
0'01 

0'5 

255 

2 0 

257 360 362 368 256 

2'3 4'4 2·8 2·6 1'7 

Trace Trace Trace 

0'5 Trace 0'5 

!IS 

369 496 Average 

148 7 

, ·8 , . 5 

O'II 

o 5 



rr6 DESCRIPTION OF SAMPLES IN TABLE No. 18. 

Sample I D- t - t d P . 1 Borehole 1 
N IS nc an rOVlnce. \ D th ' 

_'.0__ I ~_\_. 
Locality, Description and Remarks. Date. 

Feet. --------. 

384 Calvinia, North-West Cape. _... ........... i - ,Boreholc at Loriesfontein (Dr. Ockcrsc, AnaL Diy. e.S.) .•....... 

385 Calvinia, North~West Cape .................. '11~ __ 1 Borehole in Brandvlei (Dr. Qckersc, Anal. Diy. CS) ........ . 

1940 

1940 
, -I ! Spring at Prieska (Dr. Ockersc, Anal. Div. e.S.) ............. _ '1 1940 

Borehole in Hopetown (Dr. Ockerse, Anal. Div. C.S.)... 1940 380 i Hopctown, North cape ... 

Prieska, North-West Cape .........•.. 38 , 

~~_4 __ 1 Prince Albert. Cape Province. 

295 I Laingsburg, Cape Province ..... . 
-----, -----~I 
~~ __ \ Laingsburg, Cape Province. . ............. . 

255 \ K~mberlGY, Cape Prov~ncc. 

360 i Kimberley, Cape ProvlOce ............. . 

257 1 \Villowmore, Cape Province .... . 

362 I }acobsdal, Cape Province .. . , 
368 Bloemhof, Transvaal ............... . 

256 Vryburg, Cape Province .. 

369 Blocm11of, TransvaaL .................. . 

Borholc North-East of Prince Albert....... I 8/10/40 

Boreholeat Matjcsfontein Railway Station. 13/1/{1 

I-;;~~ Boreho1c at Matjesfontcm (Anal. J. Gray! .. 

360 I Boreholc in Beaconsficld (Anal. Juritz l~cf. 177)· 
---, 

1908 

70 Borc1101e near 1\lerton Siding. 16/ 6/41 

77 Borehole in lvIiller (Anal. Juritz Ref. 178) ..... 1908 

Borehole on farm Gouwskraal 100, about I mile North-Vlest of 
Ne1sdrift).. . ............ . 

-~·-=--:---c:---i 
~i BorGholG 3 miles "Vest of Britten on ?lInin Road to Christiana 

16/ 6/41 

16/ 6/41 

~\ BorGholc in Vryburg (Anal. Juritz Ref. 184) .. 

80 ' 13ore1101e in Christiana. 
,~~ 
i}nn., I94.t. 

--0:;;::"'---:::: -=~-

Sample Numbe 

Varls CaC( 

Total Solids (a' 

Total HaTdness 

Pennanent Ha! 

Temporary Hal~ 

Hardness due 1 

Hardnc'>S due 1 

Soda Alkalini~~ .. 

Part>- pe 

SiO~~. 

Fluoride,., (a!; 1_ 
---,_ ... _. __ ._-
Nitntcs. 

Nitratcs (~<; K_ 

Chlorides {as (_ 

Sulphates (a.<; :_ 
------
Potassium Salt 

pH. Values. 

l'.>.rccntag' 

.> 

CaO .. 



• 
TABLE No. Ig.-DWYKA SERIES-KARROO SYSTEM IN NATAL AND PONDOLAND. II7 

NATAL. PONDOLAND SPRINGS. 

'96 '74 337 344 5'7 Average 5.0 54' 54' 5.3 Average 

IO~ Water: 

44"7 25 15'0 4 1 7'2 4 1 (,-0 921"0 

IO~ of Water: 

(as SiOe) •. , -0 2'0 1-'<) , 0 4- 0 2'0 3 -o? I8·0 19'0 

rndcr 
{as F}.... 0'01 0'01 Trace 0'05 0'01 );il I L 

----- ______ __ J ________ , _____ +_:-I-,,;Jl--Nil _,~- -=-_ -!:~_ - _:~~= -=--.:I~~- -I==~ --=:=--~-
~il 

.!·o 

,6'45 

5 .(, 

27"5 

17'5 

Lt '9 

40 ' S 



rrS TABLE No. 19.-DESCRIPTION OF SAMPLES FROM DWYKA SERIES, NATAL. 

Sample 
No. 

'96 

District and Province. 

Harding, Natal.. ... 

174 ! Camperdown, Natal. 

337 .. !-=.~~l~~~~_own, Natal.. __ . ______ _ 

517 Camperclown, Natal. 
.---~-.~.----

344 Natal 
.'-_._----_ .. _-_._-_._ ... _ .. _.----

379 .j 1.3mzinto, Natal South Coast. 

._. __ ._-_.-!------------------_. _ .. _ .. _._-' .. 
52 5 Lower Tuge1a, North Coast, Natal. 

13orehole 
Depth. 

Feet. 

70 

80 

200 

Locality, Description and Remarks. 

13orehol<: at Enquabeni School. .... 

,:::~=.-:::-=-=.- . , 
! Date. 
I. 

!------

27/ I/,p 

1301ehole at -C-;;~;;,-rdo\\:;;·(S~;~~;fe.rman's re5iclenc~}·~··--------:_ 21/ 5;';;;
Borehole at l~:~t~:l-.--··--·--"·-·-··'-··-·-··---· ···------~-T~o/ 3f.t~· 

Borehole at Ul~~~~ Road:--··~======~=~·=~~: .. ~ ... ~.I~~.:~.~!42 
Spring, Umhlabatzan No. 8215, 9 miles South of Highfiats. ! 1/ 4/41 

.... --.. --.~------------~-.. -.-.. --•.. ------.... __ .-:-._. 
Borehole at Umzinto, South Coa..<;t (1940), Analysis Govt. Labor-

atory. [940 
-----

i Borchok at Chaka's Kraal, Hcsidence on l'Ihin Road. 27/ 3/4~~ 
•.. _____ . __ ;_. __ ._. __ . ________ .•.. ___ ._. ___________ i~ ___ • ____ • 

S·fo Port St. J olms, Pondoland. Spring, Isinulca, Port St. Johns (Anal. ]uritz). 1908 
._-----_. . __ ._,._--

5.fI Port St. John. Pondoland .. ~pnng at t.;tatcr, Travertine deposit, Port St. Jo11ns (Anal. c.. E. 
v.d. \Valt). . ........................ . 

---._-------_ .. _- . --.---.~"".~.-------.-.. ~ .. -~-~-----~.-~--.-----------.:._--------
542 Bizana County, Pondoland .. i " Cone" Spring. UmtamvuI1a. near Bizana (Anal. B. ScgaJ).. 1941 

.<j4~ Bizana County, Pondoland ... .. -----i--::-Mound" "prim!. Umtamvuna. near Riz8n8 (;\-~~~B.Segal) .. "-i--·;~~ 
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compared with the West. Like the Dwyka waters of Pondoland 
West, the silica content is very low, averaging S'4 per cent. 

is, . moreover, most consistent. 
Only minute amounts of fluorides were found, even less than in 

of the Western Dwyka water. This can be readily explained 
followi,ng 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 I' S per 
S04 in terms of total salts, compared with the IS per cent. in 

of the Pondoland Dwyka waters and IS per cent. in the case' 
Western Dwyka waters. 

Now the consistent and high sulphate content of the Dwyka 
in the West of the Union and in Pondoland can be partly 

mrlea through the oxidation of the pyrites and marcasite present 
upper bed~ of the Dwyka series. Du Toit (14, p. 246) mentions 

the soil lying on top of the Upper Shales in the Cape Province 
impregnated with cry, tal, of gypmm re;oulting from the 
of the sulphide minerals and the subsequent neutralisation 

H 2S04 thus formed by lime from the calcareous nodules and 
In describing the litho logical characteristics of the Pondoland 
Du Toit (34, p. 2S) also mentions the occurrence of nodules 

;"riitpc and marcasite in the zone above the tillite. It would appear, 
, that in Natal the Upper Pyritic Shales are missing. 

Sodium carbonate or bicarbonate appears to be rarely present in 
.l~"'l'il waters. Instead there is generally a very small permanent 

showing, averaging 3'0 per cent. as compared with IS per 
in the Western Dwyka waters . 

. The total scale-forming compounds average 44' 3 per cent. as 
while Ca(HC03)2 and Mg(HC03)2 (temporary hardness com
average 42' 0 per cent. There is usually more calcium than 

~e:siUln. the CaO: MgO ratio being I: o· 7, and in this respect 
are similar to those of the Western Dwyka waters. 

cause of the relatively high Cl. content in the Natal waters 
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 
so 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 

to be fresh, but this is only relative. Actually these waters 
mCldel:ately 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
under that group. 
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It may be stated here that these waters are potable and 
for domestic use, irrigation, watering livestock, and, after 
chemical treatment, for most industrial purposes, but as far 
feed is concerned, the relatively high Cl. figure is a deterrent, 
chlorides would tend to accumulate. 

The author was unable to obtain samples of 
Pondoland and has therefore relied on the 4 analyses of ~jJnll,g 
cited by Gevers (31), shown in Table 19. All these 
from springs which issue at the bottom of deep gorges 
1,000 ft. below the surrounding plateau, and may not retlre:,e 
general run of Dwyka waters in Pondoland. 

The chief characteristic of these Pondoland springs 
extremely high salinity, the average of four analyses being 
per 10 5 parts. 

At first sight this is very surprising in view of the high 
in the Panda land coastal areas (40-50") compared with the 
on the Western Dwyka (5-10"). 

The explanation given by Gevers (31, p. 247) is that 
concentration of salts is mainly due to the considerably gn"atel 
of percolation than is the case of the ordinary Dwyka waters 
for as mentioned previously, these springs issue at the 
gorges, so that the water had to percolate fault 
other lines of disturbance (the rock itself being 
could issue as springs 1,000 ft., or more, below the ~U:[l<J.IC~ 
plateau. 

Furthermore, as already mentioned, the Dwyka 
other rocks derived from morainic material, contains more 
decomposable primary rock material than most rocks in 

Another characteristic, which sharply differentiates the 
springs from Dwyka waters elsewhere, is the high sodium 
or bicarbonate content (15'0 per cent. of the total salts). 
no permanent hardness is present and the sulphates must 
in the form of Na2S0 4 instead of the usual CaS0 4 and H.rA 

case of other Dwyka waters. 

There is not sufficient data with reference to the pH.' 
one analysis gives the figure of 7' 2. This indicates that 
and not Na2C0 3 is present. 

The origin of the high NaHC0 3 carbonate content of 
in contrast to those Dwyka waters of the West, may 
as suggested by Gevers, to base-exchange within the "'O"'PVi 

mass of weathered Dwyka tillite along the fault planes, 
mind the great depth through which the spring waters have 
in the,e areas, as compared with the average borehole in 
and Western Dwyka formations. 

Lindgren (35, p. 53) has shown that waters rich in 
and bicarbonates of calcium and magnesium 
certain types of clays derived by weathering of igneous 
are converted into solutions rich in sodium ions by the 
of calc;vm 1l)'l0. 11l99'pesium for SODium 
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Apart from this the Dwyka tilIite l/()ck from Pondoland appears 
ve an appreciable alkali content (K20, Na20) judging from the 

cited by Gevers (3I, p. 264). This analyses is given below 
with one of weathered and leached Dwyka tiIIite from a 

fissure at the Bongwan Spring. This latter indicates the extent 
the Na20 and K 20 have been leached out by.the percolating 

Fresh Tillite, 
Bongwan. 
Per cent. 

Si02 • • • . . • . • . • • • • • • • . • • • • • • . 65 '49 
AI20 a•··· .. ·· .. ·· .. ····· .. ·· 14.83 
Fe20 3 •····•·••••· ••• •• .••••. 0'07 
FeO.................. ...... 4'09 
Ti02••········•••·•···•····· 0'75 
MnO........................ 0'09 
CaO........................ 2'79 
MgO........................ 2'99 
K 20........................ 2·68 
Nap........................ 3'12 
P20 5•··········.·•·····•·•·· 0'31 

CO2 •••.•..•••• ••••••• . •••••. 0'27 
H 20 +.............. .. ...... 2 ·62 
H 20 -...................... 0'12 
Ratio CaO; MgO... ... . . . . . . . I : 1'07 

Decomposed and 
leached T illite 
from Bongwan. 

Per cent. 
75' 2I 
16'03 
0'16 
0'00 
0·81 
Trace 
0'00 

0'09 
0'07 
5'97 
0'12 

Analyst. . . . . . . . . . . . . . . . . . . .. J. c. Dunne J. C. Dunne 
Another striking feature of the Pondoland spring water is the 
consistent and high sulphate content (averaging 17' 5 per cent. 
which is very much the same as that of the Western Dwyka 

(15 per cent. S04)' As already stated this can be partly 
;pladllE!d by the occurrence of pyrites and marcasite in the Dwyka 

but the author is not satisfied that such is the sole cause of the 
sulphate content. 

The total scale-forming compound" are very much the same as 
. the Western Dwyka waters but there are of course, no permanent 

salts present; as in the case of the Western waters 
exceeds MgO, the average ratio being I ; o· 34. 

Gevers (31, p. 246) refers to the extremely high silica content 
these Pondoland springs (18 parts per 10· Si02), but actuaIIy when 

mres'ied 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 

and 3'0 per cent. of the Western waters, so that the silica 
can in no way be described as high when compared with the· 

content of some other types (e.g. granite waters with 16-18 
cent. Si02) • 

The chloride content is considerable and expressed as a percentage 
the 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 indeed to the 

Dwyka waters, except there is about 15 per cent. Na 2COs 
NaHCOs instead of the 15 per cent. permanent hardness salts. 
. Needless to state these Pondoland Dwyka spring waters are 

unsuited for any technical or domestic uses and would be 
"''''''l1CU under the saline Group" A", though they have an appreciable 

content. 
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In spite of great climatk~differences, the similarity of all 
waters (excluding those in Natal) is truly remarkable. 

In Table· 27, the percentage composition of Dwyka and 
waters is compared with that of sea water. It will be oh~pr'Vp.iI 
there is a marked resemblance to the latter though not so ~LLU"l! 
in the. case of the Malmesbury, Bokkeveld and Cretaceous 
which are undoubtedly contaminated by oceanic waters. 
percentage ot S04 is double that of sea water, but the 
can no doubt, be accounted for by oxidation of iron sulphides 
the tillite or Upper shales. 

Du Toit (14, p. 247) in discussing the origin of the" Upper 
Shales" (" White" pyritic and carbonaceous band) suggests 
sediments were in the nature of black organic, highly 
muds like tho~e now forming in the Black Sea or Gulf 
and were probably laid down in the deep water of an estuary, a 
supported by the remains of fish, crustacea, etc. Also in 
the formation of the tillite in the South, Du Toit (14, p. 
that the glacial muds and boulders were dropped into either 
salt water. However, he is of the opinion that elsewhere the 
discharged into a body of fresh water except in South-West 
where the tillite was laid down in the ocean (14, p. 242), as . 
by Marine invertebrates. 

The absence of marine fossils not only from the Dwyka 
elsewhere but from all the succeeding series of the Karroo 
would appear to support the foregoing views. 

However, the analyses of the Dwyka waters as a 
the exception of the waters in Natal, point rather to depo:,iti 
the sea or in brackish water, or else to a marine inundation, 
period after the formation of the Dwyka tillite. It would be 
to account otherwise for the conoistently high chloride and 
content. 

Gevers (31, p. 252) suggests that the chlorides may be W!fld"L 
It is true that along the coast of Natal the Old granite, the 
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 
high chloride and sulphate and magnesium contents of the 
waters in the Central part of the Union, and in the Karroo 
could be wind-borne. Apart from the vast distance from 
there is the fact that the waters of the Ventersdorp and otr,p.1' 

formations exposed in the same regions, show very little 
(9'0 per cent. Cl.) and practically no sulphates. 

It will be shown in the next two sections that not 
but the Ecca and Lower Beaufort waters in the Cape 
very saline (i.e. oceanic type) but with decreasing salinity, 
also be shown that climatological factors are not always rp'~,nOI 
When, however, we come to the waters of the Upper Beau:tc 
Stormberg series, chlorides and sulphates are negligible. 

The above facts would appear to support the theory 
Dwyka, Ecca and Lower Beaufort formations, have an . 
not a fresh water origin. 

This matter is referred to again in subsequent sections. 
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XVII I.-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, 

not nearly as many as on the succeeding Beaufort series. 
nrthpf'norwp· the vast coalfields of Natal and the Transvaal are located 

formation, 
DISTRIBUTION AND RAINFALL. 

In the Western Orange Free State, in the Cape Province and 
" .. ,'-' the outcrop, which varies from Io-80 miles, forms a belt 

that of the Dwyka series and is part of the vast Karroo basin. 
In Southern Natal the lormation is split by erosion into thin 

belts which run roughly parallel to the coast, but in Northern 
and the Transvaal the outcrop widens comiderably. 

Thin and very limited patches of the Ecca series outcrop in the 
and Zoutpansberg area, of the Transvaal, and also 

the Limpopo River, but thcy are of no importance to this study. 
the Hamanskraal area, most of the boreholes are deep enough 

tap the underlying Red granite waters, and hence they are typical 
granite waters. 

A verage Annual 

Transvaal. .............. , ........ , ......... . 
Rainfall. 
20"-30" 
30 "-50 " 

30 "-40 " 

Northern Natal Coalfields areas., ........... . 
Natal. ................................... . 
Pondoland ...... , ......................... . 
Southern Cape Provin('e .. , ................ . 
North-Western Cape Province (Calvinia, etc.) 
Orange Free State ...................... , .. 

GEOLOGY AND LITHOLOGY, 

30"-50" 
5"-I5" 
5"-IO" 

15"-20" 

From the point of view of this investigation there is very little 
between the rocks of the Dwyka and those of the Ecca 

which follow conformably on the Upper Dwyka shales. 
far as the Orange Free State and Cape Province are concerned, 

strata are mainZy argillaceous. There are a few beds of fine grained 
eelll~ll sandstones. The shales are almo~t indentical with tho.,e of 

Dwyka shales, namely blueish or greenish shales, with abundant 
and pyritic concentrations and sometimes lenticular bands 

limestone", No analyses are available. 
, Proceeding Northwards into Natal the rocks tend to alter and 

iecclme more arenaceous, a fact, which it will be seen, is reflected by 
change in the chemical characteristks of the waters. In Alfred 

Natal, and for some distance along the coast the argillaceous 
h~f'orh"r is still retained, but the farther North we go we find the beds 
e('C)mlll1l2' more and more sandy, though with occasional softer layers 

according to Du Toit (14, p. 253), the sandstones are yellowish 
whitish in colour and fairly coarse grained, passing into massive 

They are frequently felspathic, the felspar often being quite 
mainly orthoclase and microline, indicating a granitic origin 

the material. Sometimes the sandstones are micaceous and 
The same description applies to the Ecca in the TramvaaL 

coal seams of the Transvaal and Natal have been allocated to 
Middle Ecca beds. 
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Fos~ils are not comrnon and consist of plant remains. 
of the series is Lower Permian. 

UNDERGROUND WATER SUPPLIES. 

There is apparently a great variation in water supplies in 
localities underlain by the Ecca series. Frommurze (3, p. I39) 

the following figures :-. 

Hoopstad District. ........ . 
Philipstown, Sutherland and 

Average Yield 
in Gallons 
per Diem. 

4,000 

Average 
Depths. 

100' 

Calvinia Districts......... 40,000 shallow 
South-Eastern Karroo ...... 22,000-32,000 under roo' 
Central NataL.... . . . . . . . . . 12,500 lIO' 

Eastern TransvaaL......... 21,600 I30' 

Springs, Bethal, Witbank, 
Standerton and Frankfort 

Vredefort, Hoopstad and 
Kroonstad ............... . 

12,600 

I20' 

Frommurze (3, p. I65) points out that in the North-West 
the yield is often in an inverse ratio to the rainfall, and that 
where the yields are much affected by the presence or 
dolerite sheets and dykes which tend to dam up the water. 

It will be seen that these intrusions also have an ~nnrf'~' 
effect on the chemical characteristics of the water. 

QUALITY OF THE WATER. 

(i) Quality of the Water in the Ecca Series in the Cape Pr,?vijl$c~: 
Natal Coast. 

In Table 20 the author has tabulated 14 analyses of Ecca 
from a wide region. 

The chief characteristics is the high concentration of 
salts averaging about 146 parts per 10 5 in the Cape Pnovimce' 
18r parts on the Natal Coast. 

There is insufficient data regarding the pH. of the wa.ters, 
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. Si02 in terms of total solids. 

There is always more calcium than magnesium, the 
CaO : MgO being I: o· 72. This is in part due to the 
concretions in the shaley beds. On the other hand 

, Natal Coast the ratio is I : 2 '2. In that region the Ecca 
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. CaO as 
I2·6 per cent. CaO). 

Chlorides are always very high, and the percentage, in 
total salts, is 27 per cent. Cl. which is very similar to the 30 

Cl. in the case of the Dwyka waters. . 
On the Natal Coast the percentage is as high as SI per 
Sulphates are very high indeed (I2 per cent. S04) 

respect the waters are almost indentical with the Dwyka 

COAST. 

._-_ .. _._----::... - - - =.:::::.-;:. .... ~-:::::::-.:::::::: 
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1\ 
II 

:~ 

-H·u 263'0 

ll' 5 22'0 
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1 7'2 62'0 

Nil Nil 

Nil Nil 

Nil Nil 

Nil Nil 
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Nil 
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29'3 
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I' 

Ni 

31' 

22' 
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-'-===0-' 
Sample 

No. 

221 

223 

DESCRIPTION OF Sr\;\iPLES IN TABLE No. 20. 

--.;;';'-;;:;=;:::; __ :-.:':'-~ .~.::-..::....~::;;=-=.:-.---::-=~~=;::~::=_=:;:- --;;'::;;;:~.-"::-' --.:=='-'--0-::.''::;:-.'-

District and Province. 

. - ._. --- - -~-~------~- .--.---.~--~--

Peddie, Cape Province. 

Laingsburg, Cape Province. 

Borehole 
Depth, 

Feet. 

55 

Locality, Description an(1 Hemark~. 

Borehole in Peddic. ... 
Borchole 200 yards East of Buffels Rivier, Laingshnrg .... 

Vat(; . 

l/ 9/40 

3/10/40 
---~--;----·------i-·---· .. -------.--,~--

25S i Phillipstovl-"n, Cape lJrovmcc .. '33 

490 Phillipstown, Cape Province. 
---~--.-"'-.:-~-.----------.-

25<) Aberdeen, Cape Pro\"ince. ---,---" 
-._._------------------. -.- -------~:-.-----

2(,t) ._L~:~~~~~~c P~ovinc~~ __ .--.:--
675 

! SO!l1cr;.;ct Ea..<:t, Cape Provjnc(~. 
-!~------ --'----

201 
__ L 146 

:.!62 Somerset Fast, Cape Provi".cc. 153 

.1(13 __ j!~itst(~:_~, Cape Provi~ 

. 189 Hopetown, er-pe Province .. , 
-----~---

346 Dllrbanp South CO,Lst, Natal.. 100 

. ----_._-- .---:--.~--- .. 
Lower Tngcla, North Coast, Natal.. 

----5'7 .'i----. 
528 Inanda, North Coast, XahJ. _ . 

---

HorcJlolC 101 VaartlevlCl (juntz, H.cf. 188, ;\naL Govt. Labonl.tory) 

Hf)rcllQie m votlm1icm U untz, ReL IS8, Anal. Govt. Laboratory) 

Spring: water, Oaklands (Juritz, RcI. .{9~, Anal. Gnvt. Laborn.tory) 
-.-------.------------.--------~-.~---

Bon:;lwk on K!ipplaa.t (Jnritz, Ref. 1<)5, :\m~1. Govt. Laboratory) 

Borcllok .. L :'Iliddleton (Juritz, Rd. 19S, An;tl. (;-.)\'1.. Laboratory) 

Borcholc in Rippon (]liritZ, Ref. :::01, Amtl. <.3<)vt. Labo;ntory) 

Borchole in Britstowl1. 

Borchole in Kraankuil (Anal. Govt. Laboratory, Johanncshnr;:r) ... 

Borclwlc at \\"inkch;pruit Hotel, vVinke1sprnit. 

\\'c1! at Umhl<tli Station ... 

1908 

;:;/3/21 

[<)08 

1905 

T(jO;:; 

1<)08 

7/1 I/.I I 

'2I/ 3/21 

2· .;!.jI 

31/ 3/'1 2 
. _ ------------------i-----

Borcholc m Tongaat. ! 1/ .1/·12 

__ 5'26 ____ Lower. Tugela, North Coast, Natal ..•.. ___ ~£:~~lg on Lllff at Umhlali Beach .... ~ .................. . 2:7./ 3,.1±,:-,-



'ORTHERN ~XL\L> SOUTHERN TRANSVA,\L :\ND NOHTHERX ORANGE FREE STATE. 
I27 

=::::''''-=---::::;:':::==.- :=-=..=:-- '''.-.=---:::-:=, .. - "'. -,,=-:: __ ;;;:=-.-==--=_~=c::-~-::,= __ -:--_=_-;;7':" "::'-.:::::-~;;-='=-:::='=-==-- .-;::::'~-::=---=:--=' . - , 
1::>3 330 , 533 ,5·12 57 1 35-\ 349 (a.) 96 34<) 455 .180 570 58<) 603 j 

----i------!----~I-· ----~i-----i i 
I ' i .! I 
I , i '. 

-'3 I "'5 i o. • - _ • • 1 ill 
___ : __________ 1 - 0 

1
3

0 
:2<)::> I 3,-0 I __ ~~~~ __ =~O ___ .. :~~~_;-~ ~ ___ ~~, _~2'~_1 20'0 J __ ~2.~.~ _____ .. I~~~J_~_.i_ .. ______ ~_~_; __ ._~~ __ , __ ~~~~~_1 __ ~.~_·_~._., ___ 42~ 

S'I I 20-8 5'2 11-2 14 7 _1~4 __ 1 _~_7 ! 409 ' I72 33'9: 35'5 I 39'S r- 13'0 I----;s-:~;-! 0'j i J{)'9 ; 8'2 : 8-0 ; 52 _I _I~ __ ~~ __ ! __ :,l.:_~~_ 

59l 65 145 308 534 ,69 585 

.--'~~~O i 7° : 220 35.".._1,'_-°_-_-1_= i_~I_," "--:--"" "_L",,l"~o_"" '" ,h I " '-! ,,,, __ I,,-"J 0' I ",--l " 
=::: 1 ::J~LH:I~21,2J~:,-t::' 12~:J-~-!-~I~c,i::-t j[J~~Lti:d :J ,:L;~-"d~; 

0-3 i 0-8 __ 1 __ ...:'.~! __ ~I 1rac(' ___ i 6 I Prescnt I 0-08: ,:\i! .. I.... 2 ,() I. Nil . .0'°5 I T·6 ! Ntl ! 0'0:; i Ni! i Nil i 0'4 I Ni! __ ! ___ O_'_'_..!.~" __ ~-:~ 
~I __ ~_ 105: 0 71 i--~ t _I~ g s ~-~=~ ;-1----2 8 -=:_-~--;~~--.. t=~-~-"-=!==~~=i~" ,14.8 -~S--'----;-~~ !=_~)~~=I= o.-;'--~[~=_1"0 -1= 1'0=-]- 8-2 ! - 5'2 ~t,~:.~ .. 

1 __ ~ ___ O_8 __ :~~i 0 _'_I 27 -t IllS ° : haec; -I'S 11 <07 I '50 ,~I--;-~<) Tract; I Nil I o·.~ I 0-04 ! __ "~~~_~.J __ ~5 _1 __ :2 
Und:r cnd::r: I, I~ -- I.~--------- ------!-.----.i- tJnder -1- -'l-;~~ler I-----~I---·--·--I-----I·------ un-(l;:';--T-'--~--I----- -'Un~~-" tJnd::r I I 
o_~ 1 0) I lracc 1 race I - i - ""- I - : 0"5 I 0'5 I O'lj .~--- i --- 0'4 ()'5 I --- Trace 0'5 I 0':1 i - L_~_,,~. 
7- 0 __ I'... 7 2 -! - 6-8 L 7"65._._11 8-0 -- "'- 8'0 I 7-5 I -- 7'7 .... : S"o " - --I ' 74 1- 7-2 r 7-5 i g'3 .- 7'3 "I" 6·8 7 3 _ .. :~-i _ s" I :_."_..?.:~ 

. I i .. ' ~l ~"'I .'[ 11' . I i 

""-"--I~(_' -!-'~I ,.,., 9" 1 7'7 "'0 'I 39 1 __ "_7 _I -,~,-J i '0 I i "f ~'I __ -'-'~ I '7" ,6 5 3_~i~~_-=_J.~ 
121 11 2 I 174 I 86 13'2 I 173 22'0 ~o 3 I 14 2 ~~J~_I __ ---= ____ I~_! __ ~_: 6 ~I_ ~~_2_ i~~~~ ___ ~~~ ___ I ___ ~"~~_! __ -=---I~ 
~2~ ___ 17"S I I7'

0 !_~_O_I ___ 'i'5 i 173 4'9 1_~, __ 12 7 --~--i 99 - J~~ __ I __ '_3_~~I __ ~_I __ ~_2,"_J 9 'I 11 r9_~ _____ ~~ __ ! __ '~= __ I_'~ 
1 race __ ~I 14,8 'I~_I.--'-·~~i 17"0 o-S 3-9 i __ ~, 1~ 3 : 4 S 26 ~-=~I. __ ~I--:; ~_~ ___ ~2._I ___ ~_~I __ 13-

6 I 10'2 r'~ 
Trace 0'2 1"1 ,_~_3_!_~~_1~= __ IQ'O I 25-0 I Trace S IS 4 13- 6 , __ S": __ L n-·I I lracc ___ ~~~i __ ~_I __ o_~!~_~I __ I_~~._I __ S_._'_ 

Ni! , "5 i Nil I 8·6 I 45'0 i Nil Ni! Nil I ,6·6 , 4.6 ,0'0 N,l! Nil ! 7" I 53" ' 80 I 1"" 1 N,' I 6, 0 _I _,,-"~J __ "'~ 
55- 0 165'{;-~!--74'O ~I-------;~I~-I~-;~ 77-0 56-0 i-"~-;-·(;--i------;~I--~I'O 30-3 53'~--'-~7~-'~-i~---;-:'() i--(,~-I~--;s~o--I-(;6~~I--8-;- : "'iO I 8<)0 

~1----;:'i1--! 465 i Ni! I Ni' I 27 -- 90 --!-3:...~I-Ni!--j--:""IT- Kil-l--;-::;-'r-~-t-Kil-~i----;:'~il Ni,----~~' '4° t, Ki! -T-~"=I~-,~;-
48 -5 6S-o 27-S! sr-o 42'0 i 'i1'S 68-0 I 52-5 ! 57'6 58'0 6i'0 28-0 SI'S 71'0 I 2,'0 61'S ,p-o 37-0 S-7 25'0! 7 1 '9 

=~ -! " ,"' ""'!~~~~ , 
I: 1-03 I: I'S I: 1"0 I-6 1: 0-6 1'0 I': 0-7 03 o-S 1'3 0-5 i I: 0"8 0-(, 06 0,8 0-7 )·6 0'7 0', 

-----------~.------,,---... 
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---'==='=:""~;-==:"-"--=-::==-~~-=",--.~ -.-::=.:;' "':--:=0::= o-~~=::=_==:· 
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CaC03 per 105 \Vater: 
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17'0 '10"7 2'0 26'0 13'5 277 14"5 49'S 1'3 42'S 7'3 21'S Z'O 13'0 2<) 5 37 
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Sample 
No. District and Province. 

1)£SCH.lPTlO2\ OF SAMPLES IN TABLE No. 21. 

13orcho!c 
Depth. 

_.~::.:::="-;==-::_=..::..c;;;='::=-:::"_-_~=-':;:.o:"=:::::-=~,,.-

Locality, Description and Remarks. Date. 

-'~:-~r\;:n-'-n-'-"-':2.ta;~'-'---·--~"---·--- F~_t. I Bon.:hoIe III \\'cencn (Anal. D.e.S.)......... .......... 1940 

,!21 ---I V~;~Jeid, N~al.~ ..... ~ .. -.-.---- .------~. -- - -, \\ dim \-ryhCld (Dr. Ockcrsc's Report _t\.nal. D.eS.).... I941 

··-.:~-~.]~~~~.::~'~.;~E-:==_~==~~ .~=~~-. II--;.~:--=~. ::~~.:\f .. ·~~;<~"l::'~'~:~:~~~:;,::f.~::f:.~~t: of Colcn,o ... I ::;::;:: 
12.3 I h:Jqlrivcr, Nat;<.L .' ................... "2.01 Boreho\c 011 farm Haig, 7 miles East of Ladysmith. I T3/II/39 

_. -~~8~'- --I,-.ilipr~;;:N ;~~~ --."----~--.. -. ~~ :-:-~:-~ ~I- ,. ·"---·~,·B:;'~J~·~~~~COlw;~.tl;:~.~--.-~" .-. . . . . . . . . . . ---.. -- -:;; 5/36 

- ";; .. -'-i ··l-\-:h~;;:;;:-N·;:tal.. . ~~~~:-~.-('-"-=.=-'-' -\ l]orcholc a~-li1::ct;:laagtc ';'-cl1001 (Ana!. Govt. I~~b., JOhannesburg) 19/ 9/41 

... " 3o;---~i :~~i~~~~~,._.~.:~~l==-__ ~ .~.~=~~=_--: ... ~:~~~.:~I·~_.,,::~~:~]~~~~~~Olc -~;l~-_'"iar~~?raytl~;-~-; O~~~~~~"~~h~ I{iv~.~~~r Piete~~~ ~~ 
3 15 l I{killllond, ?:\atal. ...... i (,O i Borcho!e in Hichmond ....................... _ ............... I 6/ I/4 f 

236 '"I Alfr~-~-"N:~~:'-'----'--"'-----"-~- -~-. -"-j"~---"""-' I J3or~hole in Harding .......... -~~-- .. --. . ... I 2/12/40 

335 ---i \~~l;;:c;·t;;)·;;;~l~ns\:;~--···-·-- -.... --·1-- 70 ----I J3or~~';;I;;- milc--i~-;~\r~lk~-:lst on Main H.oad..... .. I 18/ 3141 

=~~~::=i!.~::<~~~:~;:~·=-=---- ~==-~= -~l:====~H~:::?-~E<:~::::,:g~=~=~'" ·:=~-~~-·-.-.-·~.-.-.-!I~:-::: ~~~:,~:~~~~:~~~"~.~==~== ___ :~--il~ wo .. ~\;;;g~:: :~,:n~:;:::,:,f-:~:::~~~~':~'~ - ------~~r~:-
__ 35~ __ !_';10'mf::n~m~~ F,c:~tat:~~_~\__! B~~~~O~~O~I~::';~v~,a~'VI,,: N~. :~:,~,,~:J:~~~~n. ~fI{~al~p~,~it I S/ 5/4' 
__ ~_·::_~~.~1]!()~llo.~21~~~lgc ~rec St~~~':":":. __ : ... ·_~:~_.·_~~ .. __ ~.~:~.1 35., . ..-1 13or~"~~-= Bosh~~ipali~~..:..~~ .. ~~~~~_.~:....:~~. __ ~:~:~.:..... 

96 . I-Ic~ibron, Orange Frcc State.... i ! Spring water, Hcilbron ............ _ ................ _ ....... '122/ 8/39 

._~~==:~:,;~~~~?i~c~~~~~":==.=··.~~i... ::: •. ~=ii~~~::::1;;j~:::~;!;nt~'~'O~;~·~3 mii~,soutl, of V;II~:~I~ 
.{SO . H('.~!\T'On,OrangeFr<:cStatc, 'I BO'C,l()lc m Hcllbron (Allal DIY CS perDr Ockcrsc). iJan, 1942. 

·---;~:~"-·-I\;~~"~l~·f(~~~,-o-;~"~~,~.y~.cc State ...... ~-.-:"~~'-.. -.-. :--: 7~--1 B~~chnlc;-lIlI~-o-P-J,-,-(,.~-;lG-;;~·t Lab, Johannesburg) . .. -1-'3-;-4-/-;6 
589 '~-r"I-I~~~~tad, O;~;~~(:-F~~:-ShtC .... ·-.-~~~~~.~~-.-.-I-~~~-;--rB-;~hOlc on fa~lll'~~l~car Odcndaalsrust....... ;'0/10/4'2 

_ .. ~~~=r_"~~r~~~2~~~ FI·~.~Stat·c~ ~~:. _·~~~~-.-.-I--------=--~IB;;;J~~i~ in VIcdc (Anal. D}v. C.S. pcr Dr. OckcrscL .... _....... 1942 

5<)1 I Heilbrol1, Orange Free Shttc ................. ! - Borchole in \Volvehock.. .......... ............ 23/ 1/43 

=-6s~=]1~rm:~·1~-.-~~a2.1. ~~.:-:-~ ..... " ............ r----- ~~holc in Ermcl; .... _. . . _ . _ .. . . . . . . . . . . . . . . 141 1/39 

145 I Bethal, Transv~a1. ......................... I Boreholc in Bethal. ............... __ •.. _. . . . . 11 3/40 

--~~~8 I Witoank, TransvaaL I. Borcholc in .iVlinnaar. .. .. . . . . . . . . . . . . . . . . . . . . . .. . . . . . 20/12/40 

--;;;---: Standerton. TransvaaL i Borcholc in Standerton... ............ xl 4/42 
----, ,-------,-------_·_---------------1--'---

S()') \ Standcrtoll, Transyaal... \ 70 I Borc11OIc on Vlaldontcin No. IS (Anal. Govt. lab., Johannesburg) 10/4137 

-·-;~-·-i~J3cthal, Tra;;-;~~aal.·------·---~~~~i I Borehole near l\.{aizefie!d .............. _...................... 2/10/42 
----'-------. " .. -.--.-.----.-,----.--, .. -------.. --~-----.- . 
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Pyritic disseminations in the Ecca shales partly explain this high 

te content. On the Natal Coast the sulphate drops to 2'5 
SO 4 and the explanation may be that, as in the case of the 

beds, the Ecca beds become less pyritic as one proceeds north
into Natal. 

As in the case of the Dwyka waters, the total scale-forming 
only moderately high, averaging 40' 5 per cent. (38.8 per 

the Natal coast) whileJhe permanent hardness compounds 
btlvpl" high, averaging 17 per cent. (Dwyka waters in the Cape 

15·8 per cent.). Along the Natal coast the permanent 
'UHt'" is even greater (26 per cent.) and consists mainly of the 

des 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 
utilisation and treatment are dealt with later under that group. 

suffice at this stage to state that a few of these waters, 
"'~"l~ some of those along the Natal coa:ot, are too saline for 

use, but they can be used for watering livestock. They are 
for irrigation, though a few of them are so saline that they 

only suitable for light well-drained soils. The high chloride 
renders them unsuitable as feed water" make-up" for steam 

work, though they could be used after appropriate treatment 
locomotive feed water. The" oceanic" characteristics of these 

have been referred to in the previous section. 

The Quality of the Water from the Ecca Series in Northern Natal, 
the Transvaal and Northern Free State. 

Attention has already been drawn to the fact that in the above 
Ull.VlJ.eu regions the Ecca series becomes arenaceous, being mainly 
np'Dsea 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 

water 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 
All types except the extremely saline are encountered, so it 

possible to allocate these waters to anyone 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 

nnrpl" arenaceous. Another cause is the large number of dolerite 
and sheets which traverse the Ecca beds in these regions, and 
considerably the chemical characteristics of the waters. 

The concentration varies greatly but the waters, taken as a 
do not carry excessive solids in solution (seldom over 50 parts 

!OS). 
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 
very 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 
present,but this is not so marked as in the waters of the 
and Southern part of the Union, where calcareous concjretior 
layers are apparently common. 

Chlorides vary a lot but are very seldom above II per 
in terms of total salts. This is very dif1erent from the Cl. 
of the Dwyka and the Ecca waters in the West and South . 
Union. 

Sulphates are generally present in traces or small 
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 
but occasionally in appreciable amount. This may be 
felspathic sandstone in the vicinity or to a dolerite dyke. 

The total scale-forming salts vary a lot but are 
high. 

Permanent hardness compounds are sometimes 
generally in small amounts. 

Owing 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 COllcen,' 
under 20 parts per 10 5• This is probably due to high rainfall 
arenaceous nature of the Ecca in those regions. 

From the results of the analyse" shown in Table 21, . 

appear that the Ecca sediments in these regions were laid 
fresh water and that the region did not suf1er any SUI)Sequ1em, 
gression by the sea. 

The waters are entirely suitable for domestic supply, 
and stock watering, but as regards utilisation for steam 
other industrial purposes, the variation is too great to 
general statement, each water having to be treated on 

XIX.-THE WATERS ARISING IN THE BEAUFORT 
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 
part of the Union and forming more than a third of 
is occupied by rocks belonging to the Beaufort ~p.r·i~s 
region is at present devoted almost entirely to pa:3tu.ral 
to a less extent, to agriculture, though it 
number of towns and villages .. 

Moreover, except in Natal, the northern 
Orange Free State, and part of East Griqualand, 
perennial streams or permament surface waters, 
area is mainly dependent on underground supplies. 

. quality of the underground water becomes a IlM.C.'·', 
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 

, excluding Basutoland and its immediate vicinity. 
There is a considerable variation in the rainfall on these rocks, 
such influences to a certain extent the quality of the water arising 

formation :-- A verage Rainfall 

Carnarvon, Beaufort West, Victoria West, 
Fraserburg and Sutherland ............... . 

Colesberg, Middelburg and Graaff Reinet .... . 
Bloemfontein, Bethulie and Burghersdorp ... . 
Cradock, Tarkastad and Somerset West. .... . 
Queenstown and Hofmeyr. ................. . 
Transkei and Umtata ...................... . 
Maclear, Cedarville, Bulwer, Kokstad and 

Pietermaritzburg ........................ . 
Bergville and Harrismith .................. . 
Vrede and Senekal. ....................... . 

GEOLOGY AND LITHOLOGY. 

per Annum. 

s/l_ro/l 
IO/l-1S/l 
IS"-20" 
10"-IS" 
IS/l-20/l 
30 "-40 /1 

40/l-so/l 
So" 

20"-2S /l 

The Beaufort series follows conformably on the Ecca series. 
The abundance of reptilian vertebrite fossils has enabled the 

to be palaeontologically divided into a number of zones, 
U1l5U1'1l,,,"UH; from one another only by the variation in fossil type, 
the chief lithological subdivisions recognised are the upper Beaufort 

middel Beaufort beds (relatively very thin) and lower Beaufort 
The age of the Beaufort series is Upper Permian to Lower Triassic. 

For the convenience of this study the writer has divided the 
:mation into two groups, i.e. :-

(I) Middle and Upper Beaufort. 
(2) Lower Beaufort. 

The series is generally more arenaceous than the Ecca, and is 
lra,ct(~n'~ ;ed by strong bands of sandstone parted by bodies of shales 

" mudstones ", which are normally less argillaceous than those 
Ecca. They commonly show green, red and purple tints, which 

. is more marked in the upper division and may carry 
ca rf'cmq, concretions. 

The sandstones range from finegraincd, hard, dark types on thin 
to much thicker yellowish or pale bluish softer highly felspathic 

The alteration of sandstone and shale gives rise to a marked 
in the landscape. 

In addition the strata are cut by sheets and dykes of " Karroo 
~1f'T'ltf' ", so numerous as to form a veritable network of igneous rock. 

UNDERGROUND WATER SUPPLIES. 
The water bearing properties of the Beaufort series are variable 

l'"",cuur; on topography and rainfall, though the effect of the latter 
not appear to be as important as might be expected. For example, 

Frommurze (3, p. 160) points out, the :;tverage yield in the arid 
Western corner, under a rainfall of only S" per annum, is equal 

that of the Central areas under a rainfall of IS"-20". 
Du Toit (2, p. 133) gives figures ranging from II,OOO to 43,000 

per diem for the formation in the Cape Province arid Orange 
State generally at very shallow depths. and with a relatively 

percentage of failures. 
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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 
nature of the country has, as shown by Frommurze (3, p. 
adverse influence on the underground water storing capacity 
strata and yields are low. 

Taken as a whole, the investigations of Du Toit and 
have shown that the formation is an exceedingly good aq 
always yielding ample supplies at very shallow depths, and 
has been aided by the network of Karroo dolerite dykes and 
act as water barriers. 

In some districts the striking of flowing supplies was 
but there has been a great falling ofi in such cases during ,'p(,pnt,' 

owing to the difficulty of discovering new sites where artesian 
would be expected. 

QUALITY OF THE WATER. 

(i) The Lower Beds. 
The author has been somewhat handicapped by the 

large tracts of country occupied by the Beaufort series, 
in the Central and Eastern Cape Province and the Western 
Natal, have not been geologically mapped in detail, so 
sometimes been difficult t6 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 
values. As will be observed, the samples cover a very 
having been collected from some 28 districts in the Cape 
Orange Free State and Natal. 

There i~ no appreciable difference in quality between 
ari~ing in these lower beds of the Beaufort series and th"op 

Ecca waters in the Cape Province, for the former yield 
waters also of the chloride-sulphate type. 

The concentration of salt is extremely high, though 
the average of 39 samples being 106 parts dissolved solids 
parts. In the Northern Free State the salinity of the water: 

, to become much lower. 
The hydrogen ion concentration is fairly consistent, 

average pH. of 7.6. 
As is the case in the Ecca and all other saline waters, 

content is consistently low, averaging only 3-8 per cent. 
terms of total salts. 

Fluorides are generally absent, though occasionally 
may contain a minute amount. Only one sample, namely 
Sutherland (No. 552) gave an appreciable fluoride figure (2' 
per million, or 0-5 per cent. F.). 

Chlorides show some variation, but are always high, 
, 22' 5 per cent. Cl. in terms of total salts. This is a lower 
than that for the waters in the Ecca series (27 per cent. 

Sulphates vary but are always present in appn,cllwl.e·j 
averaging 10·8 per c~nt. SO 4 which, again, is 
that for the Ecca waters. 

2992 I 

'33'0 35'5 31 

54'6 49 

"9'" "7 

'3 0 ' 5 35'5 31 

'3°'7 19'6 28 

09'8 35'0 20 

Nil N 

go,S !IO' 

3 "1 2, 

Nil Ni 

Nil N' , 1 

0'3 Ni 

5'3 29' 

32 '5 12-

Under Sma 
0'5 Amol 

IV/OI/Oc ....... 

IV/OI/So . . . . . . . 
SV/I /9 0 ....... 
H/r; /61 ....... 

·W\'I.0:j.SUl 

----
ot6I ....... 

10/0 /6 ....... 
--

~ , ............. O ......... b ..J I .L ..... - - --_. 
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salts is well over 

65 per cent. The a' 
Na2COS). 



CaCO~ per 105 \Vater: 

of Water: 

I'otal Solids: 

SOda. Alkalinity (as Nu,CO,), 

Total Hardness (as ~ ,... ...... 

350 

23'0 

220'0 

., 

TABLE No, 22,~LOWER BEAUFORT BEDS IN T 

-====='= 

'°5 '°7 "9 "0 '37 '7' "5 '77 '78 '79 '94 194 ,S9 ,S6 464 '76 94 

------i 

13'3 3,1'0 4°'5 33'S 31 '0 32 '0 32 '0 32 '0 44'0 1~'4 23 . <)'0 16'0 ."-5·S . ) 31 '0 48 .( 

~i~':.~il_ 9S~~~,J. __ ~~~~.~~ 382. 390'0 97'0 46'0 320'0 I~ I_~I~:~_~ .. _,~I~_ ·H·) ,,1"1 
I "I I -i ,_ ~,. __ 

100'0 125 .( 
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TABLE No, 22._LOWER BEAUFOHT BEDS IN THE CAPE PROVINCE, ORANGE FREE STATE AND NATAL. 
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Vlstnct and Province. DorcnOlt: Locality, Description and Remarlcs. 
Depth. 

Date. 0<""1"< I 
No. 

1-:---1",,[.-i-------·-------------1----
~~ __ I Graa~ __ l.~cinet, Cape prQvince.. .......... 60 ,BorehOie,"2 miles East of Graafi Rcinct on National i\1ain Road. 4/4/41 

~~~ __ ~ra;u_:_l~cinct, Cape Province. ' __ ._~ I .l3orchQlc in Graaff Rcinct (Anal. jmitz 3453). . ........ ,_ 1908 

2°7 Aberdeen Cape YrovH1CC. 3I7 Borcholc in Aberdeen Road (Anal. JUTit;::, Ref. 233) .. ···........ 1908 
--.-.- ~----------

____ ~~.:~ __ I~~~:rC!ccn, ~apc Prov~ncc:_ .. ----i~~ "Veil wat~r at Aberdeen. -~.:_:_·~_~~.:...:..~...:....:...:~~1_:!.:!_../39 
120 Aberdeen, Cape Provmcc. 128 Borcho1c IQ Aberdeen. .......................... I/ll/39 

'37 Umtata, Cape Province .. Boreholc near Umtata. 23/11 /4° 

272 Carnarvon, Cape Provmce .. 13oreholc in Kaffirskraal, East South-East of Carnarvon. (Anal. 
Juritz, Ref. 205) .......•............. 1908 

20" Boreholc, Carnarvon IVlunicipality. . ... ····· ..... · .......... 1 S/U/4° 

__ ~ __ . __ Richmond, Cape province.~1 406 Boreholc at H,ichmond Road. (Anal. Jurit~~·Ref. ;~~~=~':"":"'.~..:...:.=_~ 
-1,,78 \ Cradock, Cape Province ... _ •• __ 1 _________ 1 Uorehole at Witmos. (Anal. Juritz, Rei. 2 54). 

225 Carnarvon, Cape Province. 

277 

'90S 

279 East London, Cape Province. 65 BOIeholc in East London. {Anal. Juritz, Rei. 268}. 1908 

Borehole, Railway Station, Prince AlbeIt H.oad. "-.. ~-~~ .. :. j 12/ 1/41 

BOIehole at Qoloro. I 5/ 7/41 

294 ____ I Prince Albcrt, Cape province. 

19-1 Transkei, Cape Province. 

289 I l{omgha, Cape Province .. Spring at Komgba. (Anal. Juntz, Rd~~~_________ _ !908 

1.'>6 

,1 64 

276 

94 

,83 

286 

'73 

195 

285 

12.') 

·1 Sr 

lanm, cape lJrovince.. Borehole on farm I(lipfontcin, near Tarkastad. 3/ 7/40 
."._-. ---.-

\Villiston, Cape Province. Borcholc in Williston. (Dr. Ockersc, AnaL Div. C. Services). 5/U/41 
.- ---._--,,-,-----

Graaff Heinct, Cape Province. Boreholc in Graaff Reinct. (Anal. Juritz, Rer. 239). ,......... 1908 
------_ ... __ .--_._.-•.. 

Borchole in Adelaide ... 28/ 8/39 

Beaufort vVcst, <..-ape rH)V!!l<';<;. 

- 483 -'-1 Beaufort West, Cape Province ..... ,-.-~·:: .. ~.-.-.-.·I--=--- Borebole at Rhenoster Kop (Anal. J. Gray). .............. I 22/12/19 

Quceustown, Cape Province .. : ...... '_ ~:~:...:..:....I--=--._ Borchole at Imvani. (Anal. Govt. L~b., Johannesburg). . .. ~IY'-;;;;-485 

'193 Hanuver, Cape Province. , ~ _ i Borellok d Caroluspoort. (AnaL]. Gray). 8/12/19 

494 
Cradock, Cape Province. .~':'-"-:.-"-..... -.-.-.. --=:------1 J3oreholc at \Vitmos. (AnaL]. Gray). ,........... -------;;;-;;;.--; 

~_.I Sutherland, Cape Province... I Boreholc in Sutherland, (AnaL Div. C.S.). ..~~-:- _-=~2_. 
Kingwilliamstown, Cape Province. 13orchole, Fort 1iontgomery Cheese Factory, I{ing-.villiamstown·1 567 

593 Mount Currie, Griqualand East, Cape Province 

456 \Vinburg, Orange Free State .. _ ...•.. , ...... ' 

'35 Brandfort, Orange Free State .... ·· - ........ . wo 

(Anal. Govt. Lab., JOhannesburg). 19/ S/37 

Spring on farm Lot I, near Kokstad ... 

Spring in \Vinburg .... . 

Spring in Brandfort .... ---.....:---------------~ 

26/ 1/43 

28/10/41 

2o/Jo/41 
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per cent. CL). 
.ppreciable quantity, 
slightly lower than 
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in the case of the Ecca waters, soda alkalinity is very rare. 
there is nearly always a very high permanent hardness which 

of total salts averages 17 per cent. (as CaCOa). while the 
of calcium and magnesium average 32 per cent. (as CaCOa), 

figures being almost the same as those for the Ecca waters in 
Province. 

is almost invariably more calcium than magnesium, the 
ratio being I: 0'7, this figure being also indetical with 

the Ecca waters. 
factors appear to play some part. For example the 

from the well-watered Northern districts of the Orange Free 
are, as aforementioned, less saline than those from the arid 

Cape Province. On the other hand, the well-watered Umtata 
London districts with 30"-35" of rain per annum yield 

saline waters with 190-300 parts of salts per 10 5• The essential 
_AC;+;', m of the waters remains however unaltered. The cause of 
salinity is discussed in the following chapter. 

waters from the lower Beaufort series belong to the 
chloride-sulphate group of waters, their utilisation for technical 

is dealt with under Group A. 
may be, stated here that since these waters are not quite as 

as some other waters considered in previous sections, they 
used for watering livestock and for irrigation, but they are 

too brackish for drinking purposes. 
East Griqualand and Pondoland there are very few borehole.s 

the country is very well watered and there are numerous mountain 
This water approximates to the pure water group" E H. 

(ii) The Waters in the Middle and Upper Beds. 

Table 23 are shown the results of 33 analyses of water samples 
28 districts in the Cape Province, Orange Free State, East 

and Natal, so that the formation has been well covered. 
·.·maj()ri1:v of these analyses were carried out by the author. 

is some doubt as to whether certain borehole~' in Natal and 
Province are situated in the Middle or lower beds of the 
senes. 

will be observed from Table 23 that in spite of variations in 
there is a remarkable consistency in concentration of salts 
waters, the total solids averaging 36 parts per 10 5• 

of the strking characteristics of these waters is the consistently 
pH. value, which averages 8· 2; the highest for any group of 

in the Union. Several waters show pH. values of 8·6 or over, 
(N o. 544) from Cedarville shows a pH. of 9' 4. This i;; 

the highest recorded in the Union. The only borehole water 
a higher figure is that from Ledig, Pilansberg, located in the 

rocks. (Page 42). 
These high pH. figures are due to the very high Na2COa or NaHCOa 

of the waters in the Upper horizons of the Beaufort series 
ragmg 37 per cent. expressed as Na2COa). 
In several samples the Na2COa or NaHCOa content in terms of 
salts is well over 50 per cent. (as Na2COa), some are even as high 

cent. The average, as aforementioned, is about 37 per cent. 
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The highest absolute figure for soda alkalinity, is 32 
Na2C03) per 10 5• Quite often the pH. exceeds 8'2, with 
that the water shows a definite phenolphthalein alkalinity. 
case both soda carbonate and bicarbonate are present, but 
speaking the soda alkalinity is due to sodium 
probable cause of this high soda alkalinity will be discussed· 

Contrary to what is found in the alkaline soda waters 
Red granite and the Old granite, silica is consistently low, 
average of 6· 4 per cent. Si02 in terms of total salts. There 
little variation. 

Fluorides are sometimes found, but so far in only two 
appreciable amount (No. 502, Dewetsdorp; with 4.8 parts 
million or 2'1 per cent. F., and No. 498, Shannon,* with 4'5 
per 105 or 1'4 per cent. F.). The significance of fluorides 
carbonate waters is discussed on page 170. 

In striking contrast to the waters from the lower neauw/,c 
which in percentage composition average about 22 per "I:;"LL., 
waters from the middle and upper Beaufort horizons 
5 . 7 per cent. Cl. with very few exceptions. (The chief 
are the highly saline waters from Hofmeyr and 

Also in striking contrast to the lower Beaufort and 
is the low sulphate content which averages only 5' per 
compared with 10·8 per cent. SO 4 in the lower 
The chief exception is the Hofmeyr water. 

The total scale-forming salts average only 39'7 per cent. 
as CaCOs, so that, generally speaking, the hardness is 
low. The hardness is all temporary, that is due to the 
of calcium and magnesium. 

In a few cases the total scale-forming compounds 
only about 10 per cent. or less, the waters consisting aln10st 
of NaHCOs or Na2CO, with a little silica and sodium 

There is nearly always far more calcium than 
average ratio being I : 0 . 62. 

Consistently high soda alkalinity is apparently unusual 
rising in sedimentary rocks for Lindgren (35, p. 53) writes 

"Waters containing Na2COS in large amounts 
common in sedimentary rocks but here and there 
wells of this character are encountered. They are 
usually contain some free CO 2 and H 2S ". c 

With' regard to the cause of this consistently high 
of waters arising in the upper Beaufort beds, the author c 

two possible theories :-
(I) It has already been mentioned that the Beaufort 

are highly felspathic and further that the series is 
nantly arenaceous. Theoe felspars might PoSS! 
cause of the high soda content of the waters 
these rocks. An essential for this theory is that 
should be soda felspars (e.g. albite to oligoclase 
rather than lime felspars (andesine to anorthit't! 
Further, the felspars should be comparatively 

• From later information Shannon (498) is Lower Beaufort and 
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G BEDS IN CAPE PROVINCE, OHANGE FREE STATE, GRIQUALAND EAST AKD NATAL. 
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TABLE No. 23,-r.HDDLE AND UPPER BEAUFORT BEDS IN CAPE PROVINCE 

2<J'l 291 100 Ca} 100 Cb) 80 229 353 77 280 s, 488 284 237 . 184 H6 1I7 

Parts CaCO:; per 10': 

Alkalinity. 

\Vater: 

67'S (105 '0) 37'0 39'6 36 '0 35'0 4 0 '0 23'0 27'5 38 '4 24'2 30 '0 48 '0 44'0 

on Total Solid,;; 



13~ DESCRIPTION OF SAI'dPLES IN TABLE No. 23. 

Sa;]lplc District and Province. Borchole Locality, Description and Remarks. Date. 
So. _ i Depth. i 

-------'~--·----~~------·-~·------I--l~~c~~--I,-- ----.----~- _, i -------·--1-----
:\lbcrL Cape pJ"()"il1ec.~_._~~~_. _ .. _._._. :...~~._. '~.J~_7_5 ___ J ~~~~c il~ Hu~h:rsd{)q~ ~~~n~~Juri~~, ~~ 3-l~)_. ___ • ____ J_~~~_ 

Alb,') ,', (·a::~~~.).~.!~~~ ____ . _________ ----1- __ ~ __ I. ~~_c_h_olC ,d. h,~,tP~~~~~ ~.~~l_ ~;O\it _L~ J~~.l~'lC~~tH~ _____ ,_ .~(_9'_' __ 

2(jO 

.'1 0 '') 

.~ () 1 Slcrk'\.'-'J01:-" C<lpe l'ro\'i~lCC. . ....... i So \ Borcllolc JJl Stcrk~troonL ,(An,tl. Jllr,tl.,_!.~~_ ~_~_7) ___ I 1908 

),)) (a~ j(OllX, lie, O·;:;~~~;·I~I:~~S·~:~. ·----~·!-~~--i-·!~:·d~~l~·il-l-i~~~~v;l·i~·.-:· '- --'-- -- ..... ~. ~~ .. . -:·~~~-.-.-~-T~lj 87;~;-
(il) l{ouxy;:k, Orange Frp(~ Sbtc. . I 300 li BUfClio]c in H.ouxdlk. . .... ...... i 22/ 8/3') 

__ .' ____ ,_, .. _. ______ ._ _. _._~ _ _._. ____ .1 ____ . __ . ___ ... ,, ___ .~_~ _____ . __ . __ ~ ._'"" ____ . _____ ~ ______________ ._ 

Sr'.l:till',dd, Or:J.".Jge l:,'C'e State. I ~)8 \ Bure',lO!c in S~llithfldd. I 7/ 3/3<) 00 

.,;.:q 
. ." .._. -- -----------.---------·1- -r--.---:----.~ .. -'::__~----'-.---.-:--- .. - .. -------. -i------

Scnc;-;d, dr;mgc h'c,;, SntC'. _:W i \\ell_ln S('llckal. (.-\md. (,ovt. Lah., Johannesburg). _ ... I S/Il/40 
- ........... ~~ -.--.. -~. ---_ ... _---- ------ -,-~---' .------~ ... --.--~---.--,-~--- .--_._--,----
353 U;1dky, Orange Fny Stab'. 80 : Boreh<)ic in Lintlky. ........... i 30/ 4/.11 

'if 

20U 

'2 S4 

Si 

'20 7 

,S'l 

5'5 

f!7 

·1<)S 

-i()\) 

soo 

SO) 

Cepe Province ... --.-------~-:_: .. ==!,--- ·--.. t-S~)~.;~~~~l C:~~~~-rt. ~~=.= .... ~~'='.~~.:" ~-~~=_=='i_:~!!3~-
,'r, C ,pc 1',-o\,;\1n, .. 

r, Ca~)(' Province.. 

Th,d;,( :"~'jHl, Orange Free State. 

Cra(]"t:!-;, Cape Prm'ince .. 

j-tllTls,nith, OLln~e Fw(: State. 

J[;_ur:,;;nitl, Orange Free St;l.Le. 
. "-----------,-- ----_ .. 

Hcit;, Oran_(;t~ Fn': State. 

'2()2 ])()f(;holc ill }\'aauw!)oort. (Anal. jurit::, Hd. 275) .. 1908 
. --'''--- ----,--------

60 BOfchole at ;\1caliCOifontcin. [Anal. Juritz, HcL :235).' 1908 
~-.... -.~:-------- .. _--.-. . ...... _--- --------~ .. 

n'lrehoic in Twcespruit. SI 2/39 

J <5 Dorcholc in Dridontcin. (Anal. Jnritx, Re£. 309). 1-~08 
-'---, -~-.~;~~ ... -~'I--i~~~;~~;;<~~-i;~'\\~::~kr~·~.··:·~·~~-.~~-.-:~'~~ .-~--~-------- ~ ,~.~-. -. -. -.. ~'~~"~-\ 10 / 6/~--

-- '~~-'--"'---'---'--------r'-;~I 2~~'--'-," 
):\orchole at Harrismith, 30 

13orchole at J?'cit1.. (Dr. Ockcrse, '\l~~~D'i'~~ C.S.). ~-------'-'------i~~'--
_._----------_ .... --_._-------

BlOC"l[Olltcin, Orange Free State. Boreholc at ShalHlo~1. (Dr. Ocker:;e, .\nal. Diy. C.~.1. . 1940 

--(J3l,tl~~;J;~~ (_);:;·;-g~~:~~-sZ;~~~~~:_-- --.---------. - ----. .... B-;~·l~'olc at B-~-tl~~~-.---(l);:-()~k~~~~-~\~;J:_])iy~C~SJ.~ :~.:~~~~-.. -.-:-- 1<)40 --

----::-~----."~.. '_" _ ---------.. -. -----... -- ---;-.. -.-.-.. ----:----~-.-~'.-.--.--.-----. ----:-:----------i-----
Z,estnll, Urange I'ree State. --. horcholc at Z;'lstron. (Dr. Ockersc, "\nal. DJv. C.S.) ............. ! 1940 

-- ... ---"-- -.------.~ ._--- -.~---- ..... ---.... -... -.---.--------~.-----.--.-.--.-!-.-~ 
Tj'<)llIpsbu '~. 01';\11l<e Fn:e State. BOfchole at Trompsburg. (Dr. Ockcrsc, Anal. Div, C.S.). 1940 

.---.. -~ · .. -----i------
y-;2 ])ewdOir;()rp. (lnm,sr: F!'l'C Stale. , Borchok al DCwc1:5dorp. (Dr. Ock('rse, .-\na!. Di\'. C.S.). i 1940 

__ ._~=~___ \\"epencr, Or; 1~~;~.:~0~:~~~.~'· .... _. __ .. ____ =I=~ ~': -l~;;~;hf)l~ ,;.1 ~.:}~~.~~~~~~.:,=}i;; ~_~~~~~~nal :_~~~-c~~.~_~=[=l.~~-.~ 
513 I QUCC\l:-;lr)Wll, Cape [lrm ~nc('. ,i BOfCholc at (2ucen5tO\Yll., ......... , ....................... ,. \12/ :2j.p 

-~--------, .- '" ........ --------- --"-"'----""-1--- .... ·· .. -i----,--····-·-.. -----·--···-----------------:-------------~-----·-·--·---i~----
535 PII:rgvil\c, N"tal. .......... ': 125 I, Boreholc in Bcrgviltc, I} nulcs from l\ivef, Forbes Residence .. I uj 3/42 

=~~:=_~::_·~~~~~~~I~,~~t~~------- ··----~-'-·-·I~~?2=1··B~r~~1~~~~~~i:;1~-:2~~~;;ry, ~_:~~~~~~- froll ~!:rgvillc.~_~~_. _ .. _. '_'_'_I~ 3/ 42 

~~~ ___ t~:=:c~~~:.r~:..:~_'~_:'tl. ___ ... _ _ l _~1, Borchok~t Fr~~,:...~f)nth of COlcn~ . ..:..~_._._, ~~_._._._._._ 20/I0/3=-. 

496 ,"undcrbcrg-, Natal. .. , .~~:-.- ..... , ..... I ----- I Spring at Fnderbcrg. (Dr. Ockcrsc, Anal. Div. C.S.). I 1940 

-5:;:;-:::]:ncth~"~()'''.''':~'':,,:~=ato::-~~:::_~ .... j===i-BO"hcl;in~~~';;;;'-:~.................... ~-; 
.":d4 ii CClhTYille, East GriCJtl<1bnd ...... " ......... I -":. i Spring on !ann of C. Southcy, Cedarvillc Flats. 20/ ')/42 

-~.2~~:=~J~~~~~_~~~~.}~;~G~~-~~~~~~~_ .. _~ .. :'"~ . , .. ~ ... ~\ ~~~=]~ore.~~~_~~·~~~l~~--;fc~-~;-c~i~- Flats. --.---. --\-;;;6/42 
545 I ,CedarvilIc, East Griqllaland .... -.-~ ......... ~. I -- !_ Spring on brm of J. M. Cumy, Ccdarville Flats I 20/ 6/42 

2.:£ .. ·t~,r.~~;~i;!~i~~~(> P!~::!;~:·=_~~~~~_:..:... .. C,~= .. ~,,~j Borcho.l,,~2n Hofmcyr::.:.:..~._ ................ ':_'_'_' _. __ . \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 deiinite aeolian characteristics. 

If . this be the case then the felspars in the sediments 
(derived from the granite rocks) would tend to remain 
comparatively fr,esh,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. 

(2) 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 succeeding 
Stormberg series, which as will be shown in he next section, 
are also characterised by a consistently high soda content. 

this second theory is the fact that though the Stormberg 
on the Basutoland borders are intercected with dolerite 

and yield soda carbonate waters, the felspathic Bushvelds sand
of Stormberg age, which also give rise to waters with high soda 

are quite free from dolerite dykes. 

, water at the contact with basic dykes or sheets of basic 
invariably contain very much higher l\1g0 than CaO. For 

samples Nos. 376 and 377, Table 12, and more especially 
No. 593, Table 22 and some of the samples in Table 6. 

it would appear that the former theory is the more 

regard to the decrease in chlorides and sulphates in the 
Beaufort waters and succeeding Stormberg waters as compared 

those in the lower Beaufort beds and the Ecca shales, the 
ma,nom may lie in the higher rainfall in the areas occupied by 
U1UUle and upper Beaufort beds, but such is not altogether satis

for some of the highly saline waters in the Ecca beds are found 
of high annual precipitation, 

waters arising in the middel and upper parts of the Beaufort 
are allocated to the Alkaline soda-carbonate. group of waters 
and the utilisation of these waters and their corrective chemical 

are dealt with under that group on. (Section XXV). 

may be stated here that these waters are mitable for all 
purposes, watering liverstock, and irrigation. In perhaps 

two cases the absolute amount of Na2C0 3 may be sufficient 
its use for irrigation or for drinking. 

of them, particularly those from the Cedarville 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 
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 
into which the Stormberg series has been divided, namely the 
beds, Red beds and Cave sandstone. 

The volcanic rocks of Stormberg age, including the 
volcanics are treated separately in the next section. 

As regards the Basutoland border area, there is 
definite break between the upper Beaufort and Stormberg 
the succession of rocks is perfectly conformable and, as far 
study is concerned, the distinction between the upper J..)Cd.UJ.u., 

and the Stormberg series is artificial. In the North the m\JlL<~lJ 
are apparently absent and the Cave sandstone lies on older 
will be shown later, the waters arising in the Stormberg 
identical with those rising from the upper Beaufort beds. 

DISTRIBUTION AND RAINFALL. 

The sediments in the Orange Free State, Cape Province 
form high dissected mountainous country encircling the 11lt~m: 
Basutoland. 

On the Natal border of Basutoland, the beds are COlmr:.a 
thin and of limited extent .. 

Along the western slopes of the Lebombo mountains in 
Swaziland and the Eastern Transvaal, very thin beds of 
sediments occur, far too thin to be of any consequence from 
of view of this study. In the Transvaal a very sm3,!1 nnrt.{\· 

important agricultural area of the Springbok Flats is 
sandstones and marls that are correlated with the." Cave 
of the Stormberg series. There are no towns of 
this Bushveld sandstone area. Small outliers of the St,orrnher 
are found at Blaauwberg, Rhodesdrift and Mopani in the 
Zoutpansberg district. No towm' of any importance lie in 

The average annual rainfall in the Basutoland area is 
inches, in the Springbok Flats area is 25 inches, and in the' 
Zoutpansberg districts the average rainfall over these 
IO-20 inches, 

GEOLOGY AND LITHOLOGY. 

The Lower or Molteno beds of the Stormberg series in 
land area consist of gray and blue shales and coarse and fine 
yellow sandstones. Du Toit (I4, p. 260) referreing to the 
mentions that the quartz grains are, invariably accompanied 
(mainly orthoclase and microline) in angular or sub-angular 
Dolerite dykes are very common. 

The shales and mudstones are often arenaceous and 
carbonaceous layers and seams of coal. The Red beds 
the Molteno beds are characterised by red and purple shales, 
and red and yellow fine grained sandstones, highly feis}),'lttl 
Cave Sandstone beds which overlie the Red beds c 
cream coloured fine grained sandstones lithologically in no way 
from the Red bed sandstones except that they are of a 
Du Toit (I4, p. 270) refers to their felspathic nature (IJj.oWJ<Y 

felspar). Accessory minerals, in very small amounts, are 
maline and white mica. 

. SAl' 

Sample Nut77 

Parts C 

Total SolidS' 0 

Methyl Ora!' 5 

Total Hard3' 4 

Permanent {il 

---------
TemporarY)'4 

Hardness dv' 1 

------
Hardness d~' 3 

Soda Alkali:>' 1 

Parts 

Silica (as Si 
5 ,6 

Fluorides (a) '02 
I 
I 

Nitrites .... :m I 
- ____ -_1 

Nitrates (as.)·2 

Chlorides (a3' 2 

Sulphates (at· 2 r , 

lder j' 

Potassium SJ' 5 , 
I" 

pH. Values.7' 6 I 
I. 

Percent I 
! 
i 

'S'O I 
~-~~--I-
CaO ........ 4'3 I 
-------
MgO ....... 9.8 ! 
------:-
CL ......... 4'4 ' 

SO, ........ 1'6 
---~---!-
SOda Alkalil4' 6 I -
Total Hardl\3' 5 

Permanent Nil 

.~-

Temporary :cl' 5 . =-- I 

!atio CaO : 1 '4 I 
____ ~___ _ __ -- __ - I 
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TABLE No. 24.-STOru't'IBERG SERIES (SEDIMENTS) KARROO- SYSTEM (INCLUDING" BUSHVELD SANDSTONES "). 

35 '47 '°4 243 '44 

o-{) 3 - t 3 , 2-7 
Trace Nil 

292 293 

, '7 r -8 

<07 

6'0 
Trace 

'78 

"0 
0-37 

'77 467 

5 -6 2'1 
0-02 Nil 

477 

5- 6 
Nil 

479 

., 
0-06 

141 

Avergae 

38 "4 



'A2 DESCRIPTION OF SAMPLES IN TABLE No. 2+ 

Sample 
No. 

35 

District and Province. 

Ladybrand, Orange Free State .. 

Borehole 
Depth. 

Feet. 

_'C':::'::-==:O~'=-':=:o:-

Locality, Description and Remarks. Date. 

Boreholc in Ladybrand Municipality. 2./ 9/37 

147 Ficksburg, Orange Free State... ! Spring (perennial), Ficksburg .................... . 

Steynshurg, Cape Province. 

11/ 4/40 

l.iorellole at Hennmg. (Geo!. Survey ::\1cmoir 32, 3457. Anal. 20, 

'43 

244 

292 

293 

Wodehousc, Cape Province .... 

: Aliwal North, Cape Province ... 
! 

IIJoitcno, Cape Province .. 

nIoHeno, Cape Province. 

Govt. Lab.) ... 

Large Spring at Halseton. (AnaL] uritz:, ReI. 345). 1905 

Spring at Lady Grey. (Anal. ]uritz, Ref. 355). 1908 

506 Borebole in Stormborg. (AnaL Juritz, H.d. 340). 1908 

Borehole- at Paardekraal. (Anal. Juritz, EeL 341) .. 1908 

467 : Madea,', Cape Province ... 

107 I \Vat';;b~rg, TransvaaL... Borehole in Bushveld Sandstone, Kalkfoutein 784, 4 miles South 
: of Hadium..... 30/ 8/39 

Spring in Maclear .. 26/11/41 

--'-7-8'--1 Pretoria, Transvaal. 400 Borehole on Graspan 358. 5 miles East-North-Ea.<;t of Picnaars 
River. 4/ 7/40 

177 Pretoria, Transvaal. '40 Borehole- on Kalkhcuvcl 389, 3 miks East-North-East of Pienaars 
River... ..... . 3/ 7/40 

477 \Vaterbcrg, Transvaal. no Borchole on fann Smalded 895, 6 miles North o[ Tuinplaats. 12/ X/42 
-----

_1:~ LWaterberl?..:. TransvaaL .. Borchole on farm Kromdraai 887, 16 miles Em;t of Tuinplaats .. __ .X2/..!.~:::. 
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Bluhveld sand.;tones of the far North are very similar and 
11ighly febpathic, but dolerite intru:,ions, so common a feature 

upper Karroo strata in the South, are rare. 
(r6) gives a porosity of 20 per cent. for the:'e Bushveld 

From the point of view of this study, the chief charac
of all these Stormberg sediment" is their highly felspathic 

and their poro-ity. 
mentioned in the previouc 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 
origin (Du Toit 14, pp. 502-503) so that in depth the abundant 
grains in these sandotones. are probably fresh. This fact has 

. bearing on the composition of the underground waters. 
palaeontological evidence the age of the Stormberg sediments 
put down as Upper Triassic. 

UNDERGROUND WATER SUPPLIES. 

borehole supplies, according to Frommurze (3, pp. 152-1 53) 
follows :- A verage Yield 

Northern Zoutpansberg .. . 
Springbok Flats area .... . 
Ficksburg, Ladybrand and 

Wodehouse district~ 
(Molteno Beds of the 

in Gallons A verage Percentage 
per Diem. Depth. Faihms. 

Very little drilling. 
170400 180'-200' 20 

Stormberg Series)...... 13,550 90' 15 
little drilling has taken place on the Ba,utoland border 

for the country is highly dissected and mountainous and is 
,,~tPr,··iI by numerous springs and v leis. 

QUALITY OF THE WATER. 

districts underlain by the Stormberg sediments cannot, at 
-p""nt time at any rate, be regarded as of any potential indu.itrial 

The formation is of limited extent, and consequently 
has not devoted a great deal of study to the waters rising 

series. 
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 sand,tone water from these 
districts, but has no reason to doubt that the water will differ 

in the Bushveld sandstones in the Springbok Flats . 
• rt,'pn samples were taken over a wide area in the Ladybrand, 

, Steynsburg, Wodehouse, Aliwal North, Stormberg, Molteno, 
districts, and the Pienaars River and Springbok Flats areas. 

chamctcristics of the waters are shown in Table 24. 
is considemble variation in concentration of dissolved salts, 
depending on c1imatological factors, but the total solids 

38 parts per 105. In the Springbok Flats with its lesser 
the concentration of salts is always very high compared with 
the Basutoland border areas. 
pH. is consistently high at an average of 7.8. 

view of the high soda alkalinity it is rather surprising to note 
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. 
of total salts. 

Sulphates are consistently low, averaging only I -8 per 
on the dissolved salt:". 

NaHC0 3, rarely Na2C0 3, is nearly always present in large 
averaging as much as 30 per cent. (as Na2C0

3
) in terms of 

The author advances the same theory as was used in the 
section to account for the consistently high soda content 
waters, namely, the highly felspathic nature of these salnd,;to:u .• 
their probable aeolian origin. Dolerite intrusions, though 
the South, are not found in the Springbok Flats and could not 
be the cause of the soda alkalinity. 

As in the case of the waters from the middle and upper 
series, there is always more calcium than magnesium salts 
the ratio being r: 0'7. 

Fluorides are rarely present and only one sample in 
contains ovei' 1'0 parts F. per million, namely sample I78. 
358), near Pienaars River) which has a fluoride content of 3-7 

Permanent hardness is, of course, very seldom present. 
there is generally an appreciable soda alkalinity. The 
hardness compounds Ca(HC03)2 and Mg(HC03)2 are 
averaging about 50 per cent. (as CaC0 3 ) in terms of the llil.;U •. • 

These waters are very similar to those arising in the 
volcanics (Table 25) except for the higher silica content 
soda alkalinity of the latter. As aforementioned the waters 
identical with those arising in the middle and upper 
The chief difference is in the chloride content which is In>x'PT 

Stormberg series. 

As mentioned in a previous section-taking the waters 
Karroo system as a whole-there is a gradual diminution in 
and :ulphate and in increase in soda alkalinity as we pass 
lowest member of the system, the Dwyka, through the Ecca 
Stormberg series. 

These waters fall naturally into w]mt the author has j'pr'me 

alkaline soda carbonate group "D". 

Though the hardness is all temporary and is cOllsequen1:1y 
eliminated, these waters on account of their high soda content 
some rather difficult problems when considered for steam 
purposes. The correction or utilisation of these waters for 
purposes is dealt with fully under the Group D waters. 

Though appreciable "Black alkali" (;coda) is nearly 
present, it is not generally in sufficient concentration to affect 
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 

The low chloride and sulphate content of these waters 
from arguments used in previous sections, point definitely to 
water and not a salt water origin. 
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XXI.--THE WATERS IN THE STORMBERG LAVAS. 

Under this heading the author has included all volcanic rocks 
3torm.beJ"g age, including the Lebombo lavas, Bushveld amygda

basalts and the Drakensberg volcanic beds. 

DISTRIBUTION AND RAINFALL. 

The greatly dissected mountain land of Basutoland and the 
Vl1lWl', high ground in Natal and the Barkly East districts of the 

Province are occupied by Stormberg lavas. There is also an 
small occurrence of lavas and tuffs on the southern slopes 

Zuurberg in the southern Cape Province, far too limited to be 

int,>rP..;t to this study. 
The Lebombo range of hills, an exceedingly long but very narroW 

of lavas stretching from near Empangeni in Zululand, through 
il.ZLl,mu up to the Limpopo river along the Portguguese border, is 

age. The Bushveld amygdaloidal basalts occupy a large part of the 
",r'for,t agricultural district known as the Springbok Flat: in the 

Transvaal, which includes small but important agricultural 
such as Naboomspruit, Settlers, Zebedela and Warmbaths. 

A very small area underlain by the Bushveld amygdaloidall
avas 

near Blaauwberg in the Zoutpansberg district. 
The rainfall is as follows :-

Basutoland ................... . 
Lebombo Range, Zululand ..... . 
Letaba and Zoutpansberg ...... . 
Springbok Flats area .......... . 

25"-75" per annum. 
30"-35" per annum. 
15"-20" per annum. 
20"-25" per annum. 

UNDERGROUND \VATER SUPPLIES. 

According to Du Toit (2, p. I28) and Frommurze (3, p. 155) the 
. are the yields :-

Yield in 
Gal101~s 

per Diem. 
Average 
Depth. 

go' 

Percentage 
Failures. 

19 
(a) Springbok Flats area.... 26,000 
(b) Zoutpansberg (very little 

boring) . . . . . . . . . . . . . . . . . 26,000 90' over I9 
(c) Lebombo Basalts....... I5,000 I86' 20 

In the Basutoland area, the formation, on account of abundant 
supplies in the form of springs and rivef:', has not been 

GEOLOGY AND LITHOLOGY. 

In the Basutoland area these volcanic beds are composed of a 
succession of basic lavas, tu ifs and agglomorates, with lavas 

Du Toit pp. 274-275) has described the lava, as being mainly 
dark grey or black in colour, often amygdaloidal, with the 

cavities filled with either agate, quartz or calcite, .or with zeolites 
as heulandite, Etilbite, etc. The rock itself is composed of augite 

"",ulll",with olivine) and plagioclase fe18pars (commonly labradorite 

Acces90ry minerals are l11agntctite and apatite. The nature of 

.rock, is essentially basic. 
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In the Lebombo ran6e the lava is al~o generally ba~altic, 
towards the summit the basic lavas give place to the more 
rhyolitic roCk8. As far as this study is concern~d, the ,~-:.--

rocks are highly badc varieties. 
In the S.pringbok Flats the lavas are rarely exposed 

generally covered by a thick mantle of black or reddHl 
are typical amygdaloidal basalts. I-latch and Corstophine 
257-258) describe them as being of a sage-green colour, well 
with amygdales, which are sometimes filled with calcium 
(in form of aragonite) and sometimes with pinkish-white 
(heulandite) or sometimes with agate and chalcedony. The 
is similar to the Drakensberg lavas deocribed by Du Toit. 

The analysis of the Stormberg basalts throws light on 
position of water. Curiously enough there appears to be 
analyses recorded in the literature. A few are given below, 
one made by the author :-

Si02••···••····•• • 
TiO, ....... . 
AlsO., ............ . 
FeaOz·.······· ... . 
FeO ............. . 
MnO ............ . 
MgO ............ . 
CaO ....... . 
K,O ............. . 
Na,O ............ . 
P,O' ............ . 
H 20 + .......... . 
H,O - .......... . 
co, ............. . 

TOTAL .••... 

Ratio CaO: 

ANALYSES OF STORlVIBERG BASALTS. 

1. 

% 
46 '00 
2'57 

22'25 
10'12 

3. 62 

2'90 
5. 60 
I' 531 
3' 4" f4' 94 

2. 

% 
50 '75 
1'15 

13. 80 
46. 50 
6'20 
o· 10 

7' 10 
8'90 

~:~n3'70 I 
o'zo 
2'35 
1·88 

3· 

% 
42 '20 

I'go 
8'45 
8·65 
7. 80 
o· 15 
8'9 0 

9·80 
"'35} 
6'00 7'35 
0'90 

2·80 
1'60 

I. Lebombo Basalt, Goba Portuguese Africa. (11.. B. Young, 
XXIII, Ill). 

2. Zuurberg Basalt, Cape Province. (I-Iaughton and Rogers, Trans. ",._'.0., 
XI, 245). 

3. Nepheline Basalt, Limpopo River, Nothern Transvaal. (Rogers, Trans. 
1925, XXVIII, 50). 

4. Amygdaloidal Basalt (Nepheline) near Letaba Camp, l{ruger National 
Transvaal. (Analysis by G. W. Bond). Taken near where borell01e 
4I8-was collected. 

These analyses reflect the badc nature of these rocks. 

A notable feature is the relatively high (NazO) soda 
these rocks, particularly the nepheline varieties, a fact which is 
in the appreciable soda alkalinity of the ba,altic waters. 

The particularly high Na20 and CO2 content of the '-""-"' ... ' 
basalt (No. 4) is due no doubt to the fact that the basalt in 
is a nepheline basalt, and in addition contains a 
number of zeolite and calcite amygdales. 

The rocks as a whole always contain more CaO 

It wa~ not pos; 
Zoutpansberg 

are very liJ 
those waters 

that in the' 
further south 

Except for B 
covered From tt 

basalts 
been taken fro 
t Aux Source 

~nrInO'hnl" Flats a 
in Tab] 

The springs of 
is as regard 
berg lavas': 
40 parts to 

The silica con 
solids, a fac 

cont.ent of nearly 

Fluorides are 

chief c! 
sedim 

lJ 

There is al 
: MgO ratio 

the water 
;unl'on,c more lV 

1hesewater 
berg ~edir 
while the 



ly ba8altic , 
the more acid 
the majority of 

T exposed and 
:eddi;'h soil. 
Jrstophine (29, 
,lour, well "D'Ott~rl 
calcium ca JJOJl1atpi 

nkish-white 
:lony. The matrix 
Du Toit. 

light on the com_ 
lrs to be very few 
en below, including 

rs. 

4· 

% 
45'75 

2·00 

15·80 
(Fe,031} 
(11' 20) 
Trace 

3·62 
8'25 
20 00 } 
7'05 9'05 

~~:l"OO'89 _"_= 
I , : 0'43 

"'----

;, Trans. G.S.S.A. '921, 

, Trans. n..S.S.A. 

Rogers, Trans. v.~'.::>.l'. 

r Natiol1allP~,a~~r:~k,-, ~~::~i; borehole w 

ese rocks. 

20) soda content 
lct which is retleclte<) 
i waters. 

of the Letaba "a..lllY:. 
e basalt in this 
a particularly 

I47 
QUALITY OF THE WATER. 

was not possible to obtain samples of water from the Zuurberg 
basalts, but in any case the formations in these 

ted in extent, but there is no reason to doubt 
waters will be similar to the ba,altic waters elsewhere 

that in the Zoutpansberg the water will be more concentrated 
further south. 

for Bamtoland itself, the other areas have been well 
From the economic point of view the areas underlain by 

-"'"~~ basalts are not of great importance. Eighteen samples 
taken from Barberton district, Letaba (Kruger National Park), 

Aux Sources (Basutoland border), Warmbaths, Pienaars River, 
,,,,,,ni, Flats and Umbombo district (Zululand), and the results 

in Table 25. 
springs of the Basutoland area yield exceptionally pure water, 
as regards the concentration of salts, but elsewhere the 

nb,erg lavas yield waters of medium concentration, averaging 
40 parts total solids. 

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 

of nearly all these waters. 

WCHH""'O are not found except in minute amounts. 

l()r1f1f'< are generally very low indeed, the average being 6·6 
Cl. in terms of the total solids. In the Ubombo district in 
however, the chloride content tends to be higher, averaging 

per cent. on total solids, while magnesium is relatively high, 
in dry seasons the water in this area may tend to become 
brackish. Frommurze (3, p. 162) points out that further 

in the Hlabisa and Nongoma and Ngotsche districts the waters 
quite brack. The relative increase in chlorides in these 

can no doubt be accounted for by their close proximity to the 
that prevailing winds and frequent mists dep03it salt impregnated 

on these areas. 
""'Inl,,~tes are extremely low, averaging only 0·8 per cent. SO. 

total salts. 
chief characteristic of these waters, like those from the 

_,l-.~_~ sedimentary rocks, is the soda alkalinity which i, nearly 
present in appreciable amount, averaging 14'7 per cent. (as 

8), consequently permanent hardness is seldom found. The 
mn,rv hardness is moderately high, the scale-forming bicarbonate 

and magne,ium averaging 52'7 per cent. of the total solids. 

is always more calcium than magnesium, the average 
MgO ratio being I ; 0·6 except in the Zululand coastal district, 
the water i c slightly brackish, on account of cyclic sea salts and 

more MgO than CaO. 
pH. of these waters is high, averaging 7 '7, but in the majority 
below 8'3 indicating that NaHCOa and not Na2COa is 

waters are very similar indeed to those rising in the felspathic 
~ l,~_.~ ,edimenh', except that the soda alkalinity is a good bit 

while the dlica is higher than in the latter formations. 
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UTILISATION. 

The spring;' ansmg in the exceedingly well watered 
country give rise to waters which approximate more to the 
Gniuj) "E", on account of the low concentration of 
elsewhere the waters are typical alkaline soda carbonate 
(Group "D ") and the technical utili,;ation and treatment 
type: is dis('ussed under that group. (Section XXV). 

It may be mentioned here that "ince the absolute 
Na2COs or NaHCOs present are never very greot, these 
quite suitable for all dome,tic purpo,e" watering I,'"potr,r 
irrigation. 

The basalt, in the Zululand areas tend to yield 
water and are classified therefore under Group " B ". 

XXII.-THE WATERS IN THE CRETACEOUS, TER 
RECENT COASTAL FORMATIONS. 

These formations are not of great importance in 
study since they are re,tricted in area, except along the 
coaot, where, however, the country is wild and sparsely n()"n"l 

The enormous areas underlain by these formations in 
East Africa do not fall within the scope of this study. 

The chief interest in these waters lies in the fact that 
are definitely of marine origin and have retained connate 

DISTRIBUTION AND RAINFALL. 

In the Cape Province the chief occurrances of Cn~ta,ceclU 
are in the Worcester, Oudtshoorn, Mo ;5el Bay, 
Uitenhage districts, while in the Riversdale, Bredasdorp, 
and the Cape Peninsula districts there are fairly extensive 
of formations more recent than the CretaceoU3. 

Other occurrences of Cretaceous and the more recent 
in Pondoland and aloo in the Durban ddrict are too limited 
interest to this study. 

Extensive exposures of these formations are found 
Zululand coast east of the Lebombo range. 

The average annual rainfall varies as follows;-
Bredasdorp ............................... . 
Worcester, Oudtshoorn, Mossel Bay ......... . 
Human,dorp, Alexandria ................... . 
Zululand ................................. . 

GEOLOGY AND LITHOLOGY. 

The lowest beds in the CretaceoU3 system consist 
pebble and boulder beds, while the upper beds consist ''''>1H'j' 

marls and sandstones. The lower bed; are supp03ed to 
laid down under fresh water, but conditions changed to "oT"~1 
finally marine (Du Toit I4, p. 338). F03sil marine mollusca 
abundant in the upper beds and there is no question as to 
origin. 

The Tertiary and Recent formations consist mainly of 
deposits. Some of the sands, as in the Cape Flats areas, are 

) AMYGDALOI 

458 4 

22'3 I, 

6'5 

7'4 

0'9 

6'5 

0·8 

6·6 

Nil 

Trace "I 

Nil 

Nil 1 
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UTILISA nON. 

ng in the exceedingly well \vatered 
lters which approximate more to the 
::Ount of the low concentration of 
.; are typical alkaline soda carbonate 
le technic-al utili:->ation and treatment of 
:ler thot group. (Section XXV). 

oned here that -:ince the absolute quantitie 
Jre.sent are never very grcot, these Water 
I dome~tic purpo;ce~. \Votering livcytock, 

le Zululand areas tend to yield c:1ightly 
;d therefore under Group" B ". 

(S IN THE CRETACEOUS, TEIUIARY 
'H COASTAL FORMATIONS. 

are not of great importance in relation 
re~-trictcd in area, except along the 
the country is wild and sparsely populated. 

1.5 underlain by these formations in PortUe11P; 
I within the SCope of this study. 

in these waters lies in the fact that the 
~ origin and have retained connate sea 

TRIBUTION AND RAINFALL. 

nCe the chief occurrances of Cretaceous 
Oudtshoom, Mo;sel Bay, HUman3dorp 

iIe in the I<.iver$dale, Brcdasdorp, Alcxanar 
L districts there are fairly extensive expo.mre 
ent than the Cretaceou.5. 

)f Cretaceous and the more recent formation 
n the Durban district arc too limited to be 

!s of these formations are found 
the Lebombo range. 
1 rainfall varies as follows :_ 

hoom, l\1ossel Bay .. 
:xandria ...... . 

OLOGY AND LITHOLOGY. 

IO"-I5" 
I5"-25" 
20"-30 " 

40 ."-5()" 

1 the Cretaceou3 system consist 
while the upper beds consist mainly of 

The lower bed; are suppo3cd to have 
tter, but -conditions changed to e3tuari 
[4, p. 338). Fo.~siI marine mollusca are 
cl.., and there is no que3tion as to their 

cent formations consist mainly of 1003e 
lds, as in the Cape Flats areas, are calcareous. 

()ll Total Solids: 

TABLE No. 25.-STORMBERG LAVAS, KARROO SYSTE~l (INCLUDING LEBOMBO VOLCANIC AND "BUSHVELD AM~ 

-..,...-....:...---===--=-=-.:== 
420 40 7 4,8 348 88 85 84 m 122 m 4'3 4'4 451 

2 23-0 22-



TABLE No. 25·-STORMBERG LAVAS, KARROO SYSTm...r (INCLUDING LEBOMBO VOLCANIC AND" BUSHVELl) AMYGDALOIDS "}. 149 
---

......... 4'0 4°7 4,8 348 88 85 84 m n2 m ,1'3 4'4 ";0=:58 46, I 474 (a) 475 476 478 I Avemge 

I I 
per 106 \Vater : I ! 
:06°) .. 73'3 19'0 66'0 8'0 4°'2 35"0 59'0 48 '0 i--------.. 54'0 38 '6 42 '2 28'0 't 22'3 I 18'0 \ 53"1 61'0 54'0 3 1 '0 1 4 1 '7 

lkalinity.. L_~~\ 12'0 52 '0 I 3"2 30 '7 I 28'0 43'2 1. 36 '0 I· 36 '5 22·8 275. 17'5 1--6~--T---~-~-r 36 '5 32 '5 -!~~l-~~~I.==-
~l 6'7 42 '5 I 24 20'9) 18'0 33'7 I 3['8 35'7 16'9 31 3 13 3 7'4 I 3'2 ! 31'2 31'2 I 40'0 ! 10'0 j --

lCSS 1 }h.l 1, Nil Nil I Nil Nil 1 Nil Nil .-- Nil Nil I Nil 3 8 "'1 Nil 0'9 Nil I Nil Nil I Nil . Nil "1---
--------. 1-------1------
~ _______ ! 43'4 i 6'7 "P·S \ 2-4 20'9 \ 18'0 337 i 3 r ·8 35'7 I 16'9 27'5 13'3 L 6'5 3'2 I 31'2 31'-;: 10'0 10'0 I 
Ca Salts...... \ 17'1 \ 3'0 6·6 \ 1·8 I 10·8 \ 9'2 2r'r I 17'0 19'2 i II'9 !I 20·6 6'2! 0·8 0'2 I 15·6 ! 13'2 16'0 6·8 I 
Mg sa!O; ........ _! 26-3 ! 3'7 I 35-9 I 0,6 I wo, I 8,8 ,,6 i '4'5 I ,6'5 I 5'0 . w,S 1 7" i 6-6 I 3-0 ! -'5'6 I IS·O 24'0 I '-~I 

53 ~I w3 'I 08
5

\ 9-8 I wo! 9'\ 42 i 08 1 ___ ~:2~J __ "'ilJ_!::_I. Ni! J_::.' __ I ___ ~_'_'4J20_J,5J 

______ '~_ 3'0 I 5'4 \ "0 I 5- 0 i 5"0 7'0 i 6·8 \ 6'0 I 5. 6 3"6 3'0 5-0 4. 6 

________ 1 Nil 0'02 \ Nil , Nil I O-OS! Nil Trace Nil 1 O'C2 i Nil o'or Trace Trace, Trace I 0'04 \' __ _ 

Nil Nil I Nil ! Nil Nil Nil Nil I Nil Nil I Nil I Nil 

)..... 1·6 0·6 0-4 Nil Trace 0'1 Nil _1'0 17-1--;'-2 i_.~~! Nil Nil Trace \ r·8 3'3 i--3'-'-! __ ~( 
Nil Nil Nil Nil 

, -6 Nil 0-4 Trace 0' , Nil 

4)" 

. ..........•• V'<J t·). ~-u l')' ".to"", 2·8 I 5'3 2·8 1 1'4 i 0'05 6'2 4'3 \ 2-1 4'3 \ 3'2 i 6·8 .1 __ -_ 

0-25 0·6 'l~~~l 1'4 ! 0'05 0-4 0'7 \ TIace Trace 1 Trace \ o'X I 

7'5 I' 2 6'0 ,. , ,-0 " , 2'7 
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0'5 

79 1= 77 

14'2 1I ·8 

14. 8 21'0 

8'2 

1 

-! 
i, 

I 

~ ~i~ i~i~ ~I~I 
0'5 i 0'5 ! 0'5 I 0'5 i 03 ! 1 0'5 ! 0'5 '1 0'5 0'5 \ .. '~ 
7-3- 7'6-1" 8'1 _:"' 7'SJ 7 6 (6'4)--- (6'3)_-'\ 7' 6 j 75 7-9 1. __ 8 '6 \-----;~.Z. 

~!~ 14'-1-

i I '1 I I I 
16 16·8 9'4 7 5 . 7'4 16'0 12 2 

20'7 20'0 17- 2 27'2 12'5 (1' 4) (O'7) 21 ·6 

12 -2 ·1 10'2 1.1.' ') 
--- -·-··--1 -

21-7 3'0 9- 8 12'4 5'2 1O-4 (10·6) 

(28'0) 

(6, 7) 

(24'0) 

II '9 

13'3 I 16'5 !I' 12'3 i 15.8 
--1---,----1---
11·8 J 17'5· I 4 2 . 10'7 
---1----------

: 10' 
.-_ --1--

6· .) g'I 13'7 

2'05 O'So Trace O' IS 

(as l\"a~COJ.. 10'3 28·(, 18·8 10·6 __ ~ _______ • : __ ... __ ' ____ •••• ___ ' _____ 1 ____ ' 

'as CaC03) .. 

lless (as CaC03). 

59'5 

Ni) 

35'5 

Nil 

64'0 3°'0 

Nil Nil 

6'3 3" .1-. 6 s·s 9,8 7'3 3'3 3'°5 3'9 7'0 1 5'9 I (22'0) 6·6 
. . '-------

Trace Trace "0 0'5 1 , '0 Trace 3'3 O· 18 [ ·R 3'9 Trace Trace I Trace i 0'3 0·8 

25. 8 3°'3 16'2 9'4 ("7) 16-0 (Nil) lyO (Nil) 13'4 10'5 
-_._--;------,---._.-

2'3 ! 4'1 ! 8'7 14'7 
.-.. !---~-!-- .. -.----:-.----

52'0 i 5 1 '5 57'0 66'0 66'0 44-0 73'0 47'5 33'5 (18'0) 5S'S SI'O 74'(> 32 '3 52 '7 

~I--- Nil Nil Nil Nil Nil (g·o) Nil; . (3"6) - Nil -, Nil Nil Nil -;.-- !\il ._. -I l\"il 

59'5 .. _1 35'5 64'0 L 30'0 52 '0 I 51'5 57'0 66'0 66-0 44'0 64·0...! 47'5 '--'-(295) (IS,O) 5S,S 51'0 H'o 32 '3 :~·-~~2'J.-
-------.- ______ L.. 

nc."." (as CaCO). 

).. 1'1 I 0·8 3·8! 0'2+ 0'7 i 1 0'7 0'4 0·6 0·6 0'3 0'4 ~ 0·8! (1 7'0) (I: 9'0) \ 0·6 i 0·8 : 1-06\ I 0'3: 0" 
- . - .. -- .. , -- .... - -,= 



ISO DESCRIPTION OF SAMPLES IN TABLE No. 25. 

Sample 
No. 

District and Province. 

-----i-··-·~--·-----------·· 

45' Ubombo, Zulllhnd. 

Box-chok 
Depth. Locality, Description and Hemarks. Dat.". 

\Vell, 2 miles Xort 'Veil, '2 miles Xorth-\Vcst of Ubombo..... 5/11/4I I 
Fect. 

~-! ubo~b(;: Zui~~iand. ---------1------: 'Veil at Ubombo, 16 miks Sout-East of Ubombo. , 5/r1/41 

348 ! Bcrgvill~~·-~ata-l.--------------I--·---' SpriI~ at NationalM Hostel, *-·~~~~~-.------i----;:r·~~ 
--•• --:----~-~-•••• -~----"-~ I .-.----. --·---~---I~----

~ __ Barberlon, ~rrallwaal. ..... _:..:..:...:...~:_._._._._. _ .. _._'~·I Borchok at I{onla,ipoorL ..................... i 20/ 9/'11 

407 i: Lctaba, Transvaal. ...................... Borcho)e at Lct<tba Camp, Krugcr National Park.. July_ 
1 194 I 

;-L;;-;.~;-, Tr;"nsvaal. .. I Borcholc. at Shingwcdzi Camp. Eruger National Park. . July, 

i 1941 
4 18 

----- \vat,crhc;~-'l'mn:~~~~_'_. _--=--~=~_ .... '.-. i __ ~~ ___ r:~ord)(~i~-:lG;u~':.~~:~:.,:~):.:.th of \Vannbaths .. ~===i 29/ ~!39_ 
, 

Sj 

85 

39 

Vh"tkl'iJcrg., Transvaal. 100 Horcholc at Abattoir, Soulh-East of \Varmbatbs. 3/ 8/39 

\Vawrbcrg, Transvaal. m 

121 I Pn::toria, Transvaal. 63 

122 ! \Vakrhcrg, TransvaaL .100 

------,---~ ...• --... - .. -. 
___ "_' __ '1 \Vakrbcrg, Tranwaal.. 

.123 \ \VatedJcrg. Transvaal. 

'So 

200 

424 I vVatcrbcrg, Transvaal. 
--'-~~-~ 
474 (a) \Vatcrhcrg, lranSvaal. ,60 

475 i vVatcrberg, TransvaaL 

BorEl1ok on farm Bothavlcy llS" nCH COdrington Siding. 30/ 8/39 
---,----

Borcllok on farm Langkuil 836, near Codrington :-;iding. 13/Il/39 

IBoreh()l~'~';;-r:~~' Klipl~an 101\), 9 miles No~th-East of l;i~~ -----
I H.ivc:l". 13/11/39 

'lB'~~ll;)le on f~~._~~.~~.~~.·daktc 800:-8 miles South ~f WarmbaLhs 11/10/39 

BorellOlc on farm Blaauwbosehkuil 7't8, Xl miles North of Picnaars 
River. (Dr. Ockersc anal. Div. C.S.).. 19-10 
--------_. 

Borehole in Naboomspruit. (DI". Ockersc anal. Div. C.S.). 1940 

13orcholc on farm Lceuwkuil I020, 2 miles \Vest of Viorthing 
Siding. I2/ 1/42 

Borehok in Settlers.... 12/ 1/42 
----i-· 

msvaa~... 180 Boreholl" on farm Klipplaats 944,6 miles South of Crecy Siding. 121 1142 " ---
476 Waterbcrg, Transvaal.... Boreholc on Tninplaats Siding.. 1'2/ 1/42 __ 

'./-'/'li'fNiJ 
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UNDERGROUND WATER SUPPLY. 

to the general high salinity of the water, there has been 
boring for water in these formations. Further, according 

r{)l1nml1n',P (3, p. 122) and Du Toit (2, p. 130) these formations 
.<1ITuc\'rhcLt difficult to drill owing to the tendency to caving, because 

and unconsolidated bands present. 
E}:c111ding the artesian area at Zwartkop, in the Uitenhage district, 

are low, averaging under 10,000 gallons per diem, the water 
struck at depths of between 120' and 130'. A large percentage 
water is "brak". 

Tertiary beds at Alexandriagive higher yields (31,000 gallons) 
to Frommurze the percentage of brak water is 77 

to Frommurze the yields in Zululand are not high 
from 2,000 to 20,000 gallons per diem struck at about 100'; 

supplies are generally unpotable on account of salinity. 

QUALITY OF THE WATER. 
author found great difficulty in obtaining samples of under

water from these formations, since, as aforementioned, relatively 
boring has been carried out in these formation, and many 

have been abandoned, on account of high salinity. 
'",,,nt,,-three analyses of waters from the Cretaceous, Tertiary 

1'.C'XIIL coastal formations in the Cape Province and Zululand are 
in Table 26, including several of Juritz's analyse8, made as 

as 1908. 
chief characteristics of all these waters from the Cape Province 

exceedingly high salinity, concentrations of over 500 parts 
5 total solids being by no means uncommon, while the average 

350 parts per 105, which is higher than in any other waters, 
for the Old granite waters in the North-We8t Cape. 

nfortunately most of the samples from the formation in Zululand 
by the author were taken near the railway line from 

iange!ni to Matubatuba, that is, on the landward margin of the 
formation, where the strata are relatively thin. It was 

impossible to obtain samples of underground water from nearer 
where the beds are much thicker owing to the fact that 

11~'I{)rlt" of boreholes and wells formerly in existence have been 
done<:l, on account of salinity. 

Du Toit has assured the writer that the vast majority of 
put down along the coastal belt in Zululand many years 

the Irrigation Department, yielded highly saline water, so that 
mean composite of waters in the Cretaceous and Tertiary 

in Zululand is likely to show far more salts than those shown 
26, which were taken near the margin. Therefore the waters 

Zululand coastal belt are shown as "highly saline" in the 
5 water map. The high salinity of all these waters, both in the 

Province and Zululand, is interesting in view of the fact that 
annual rainfall is not low anywhere, while in Zululand 

indeed. Climatic factors therefore seem not to influence 
of ground 'I.e'ater as much as is generally imagined. 
is the case in all highly saline waters, silica is extremely low, 

case of the Cretaceous and the more recent waters in the Cape 
the average Si02 content is under I' 5 per cent. in terms 

total solids. 



Chlorides are always very high, averaging in the case 
Cretaceous water in the Cape Province, 42' I per cent. Cl. in 
the total salts. The chloride is present mainly as NaCl 
as MgCl 2• 

Sulphates are always high, averaging in the case of the 
waters in the Cape Province over 8 per cent. S04' The 
Recent waters have a slightly lower sulphate content. 

In some of the Cretaceous waters there is more '''U'b''~U' 
calcium though the CaO: MgO ratio varies considerably 
average works out at I : 1'1. The percentage of C<l.O and 
never high, so that the total hardness is not very high, 
26 per cent. (as CaC0 3). 

There is usually a good deal more calcium than m'lgrlesiuIU .. 
waters rising in the Tertiary and Recent coastal Uer)U~ll~. 
account of the fact that, as already mentioned, the 
calcareous, particularly in the Cape Flats area. 

A characteristic feature is the very low Mg(HCOs)2 and 
hardness (about a third of the total hardness) and the ext:rernel 
permanent hardness. 

These waters therefore may be regarded as potentially 
as well as scale-forming. 

Soda alkalinity is exceedingly rare. Instead there 
permanent hardness. 

Data regarding fluorides are insufficient but the 1'[ lQl(;aIIIO 

that these waters do not carry more than traces of fluorides. 
These waters belong therefore to the highly mineralised 

sulphate group and their corrective chemical treatment and 
for technical purposes is discussed under Group A. 

It may be stated here that the majority of waters from 
beds of the Cretaceous system and the more recent formaT")Tls. 
Cape Province and Zululand are generally too saline for 
purposes, and sometimes even too saline for watering 

In many cases they are even brak for irrigation purposes. 
tunately many of the towns situated on these formations are 
obtain fresh water supplies from other sources. 

As in the case of water from the Malmesbury slates and 
series, a comparison of the average percentage composition 
Cretaceous waters with sea water (Table 27), shows a striking 
blanceexcept that there is not the ~ame preponderance of 
over calcium. It must be remembered however, that the WeLL"" 

tend to pick up calcium from the clay and marl beds through 
it percolated. 

The essential characteristics of oceanic waters are however 
namely;-

Cl > S04 > COs> and Na > Mg > Ca. 
The waters arising in the Cretaceous and more recent 

can therefore be used as a basis of comparison when investiga 
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. 
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TABLE No: 26.-WATERS IN CRETACEOUS SYSTEM AND .HECENT COASTAL DEI 

CRETACEOUS SYSTEM IN" CAPE PROVINCE. 

'4' '4° 206 ::q6 2·15 248 2-f9 247 448 449 

Ora.nge Alkalinity........ _, .""' 

Amount Trace 

Total Solids: 

'" Deposits iron oxide on standing. 

472 565 Average 

6 l S·o 34°·0 

Amount 

460 

27. 0 

ur.dcr 
0'5 

Cm 

5°4 

2U· 

T:;:acc 

tOrt' 



TABLE No, z6,-WATERS IN CRETACEOUS SYSTEM AND HECENT COASTAL DEPOSITS, 153 
~,,,--;;-~=~::...c:;.;:;.~:..o=:....:==-c......= 

's 38 '5 

!I CRETACEOliS IN ZULULAND_ rl 
I1 I 

-----C----C--~,':-, - ---------- -----, I -----,---

449 472 565 Average \i 460 504 505 SII 473 Average \1 15 T 165 469 56,~ I 572 i 5T> I Average 

,---1---1--- ,I I' -------,--
:. :I! i I 

ni- 1 

t Ii i 
,28"5 94-0 1"0 I7'} ,U"(l 46-5 10-0 4-0 - 16-0 21"0 12-0 :t i7'S 0-8 73'0 24'0 11"5. 36.(\ \ 

-I 64- 1 22-3 5-4 18'0 93"0 176'0 12'1 16-1 16'1 24"2 32"2 :! 86"4 22 8 107'5 344 80'S ,-- 44,3 ---,-------

-I 35- 6 Nil 4"4 0'7 50"0 129-5 11--,--,--(" 12-1 0"1 3"2 20'2 :i 68"9 22"0 34-5 IO-~-·--:~ 59'O--"--s~-·r-
' - '--i-·---~:-·--------; :1 I ' -'-,--. 

2S-S 22'3 1"0 17"3 43'0 I 46-5 lO-() "1-"0 16"0 ;H"O 12'0 ii~ __ 1 0"8 73"0 :!,!_" 0 ~~'i __ i_~_I ____ _ 
IO'S ~I ;\_ 3'5_

J1 
4'9 6'4 8"1 _~,, ____ }-_~_' 7"4 67:2 23. 8 46 0 J __ =2~()_JI ___ --__ 

.! 14'7 i :: __ 8_-_6 __ I __ '_'_'~ ____ 9_"7 ____ :~_' ___ '_8_"4 , 54'S 141- 4°'3 10"6 _ .. " . ...:~I_~:~_.! __ Z_5_·~_"_J-----
J Nil . Nil _, _ il Nit i Nit ::\"il Nil Nil ... ...1 j: j\il Nil Nil Nil :."."," 1\il ' :\,il ! 

-I i 1I 
, i I1 

, '! 

RECENT COASTAL DEPOSITS. SYSTEM IN CAPE PROVINCE. 

8 :c"N 247 448 

-0 

-0 

-0 

-0 

25- 6 6'3 ,-, -5 

3,8 2 

;) Nil Nil Nil 

I" 
230 "0 '223"0 (16·8) 168,()!' 286·,3 , 61.')'0 , 3'iO'() 'I '!.7'{) i '2().:.! , 75'6 1 103'0 , 7S' 331'0 91'2 235'(> (62"1) _ 2ob'S i r01'O , ;:05'0 

------,----,-------;,----·-i---·--'-i--·-----;----""-i .. "-:~:-----,-~-~-----i"-~-----
1,8 1'0 1'4 i 3'0 ! _. i - ii 2'0 I 2''2 I 5'0.: 4'0 : 3"0 4"0 0'4 5"7 O"f(); 1·6 ! ::',1 i -

I Tm" . I li Tm;;;-~t2,aoc C~;;il=l __ :"~=! ___ =__i--~--i!"_--.~,~:-=.i_~~:.."-_L~.~~~_!_----.. -=~"-~-'~·--·=~-·-·C- ~i~=i=_ 
!! " Nil ; 0'1 I Nil f\ii Nil Ni), Kjl, .. Nil I Nil : :r\"il ! l\il . ;;il ::--;;1 

~ 1-_ --=-"'-1 _- .. _i __ =--i~_I~_l _______ ~=" 02 __ :~~-~~;--.=~;~=~.=-N~=r-.;;,1-i= -=-t--~'l=J==~: ___ : '1,a,,:_1 0- '~ ___ 2""'_=~'~== __ _ 
'4 ! 105"0 76'4 7 f) I 76"0 I 100'0 I 23"4 i ll"X I 9"7 z()·o· 42"0 32 "0 i 1.'\7'3 ' 33',1 ' SS'.~ ! 10':! ~ 35"1 7 1"0' 

:-'-i--I~'~_;~O __ , '0 '5 , :~~~1 700 -I--=--I,--U-~-d~;_~--_:-~ ~-~ 2~::-:=~~d:' :- u:L I - -=,--;~-:;--.---'-'---'--'- ~-----~-:~-~-:~~~~s!~;,'~-I~ =--.~-
I Amount I :1 0-5 . 1 race ()'5 <)'5 I 0:) I i' Trace J\mount , ,\moont 

-_: .. :---"~I '=-= ___ '.___ ".I '._ ]'0 iL 'i,~_ --:_;_-.-;.;-- 6"1. 8'0 7'7 ---, 63 .... !:: 1-- 69 5"2 7'4 --.1. 7"2R ~_ 6·S - 6"7 

, 1 ! - 1 
, i :' 

'I . . , - -. .-
___ '_-0 __ !! ___ ~_-a __ : ___ O_-_4_4_1 ___ '_-_'~ .. "_L ___ o_-_7 "--! ___ ~~_~_~ __ ! __ ~~~~ _. ___ ~.~~_ 

73 ,. 5'5' "65 I 162 21'3 t~·() 6"65 i H·.I 

6,6 6"2' 69 6·8 I 6· :-~;-i--6-'6--

,6 ;)7-0 34'5 ,p"o .p'o 35'2 47"3 365 38"0 2{;~:;--!-~~.-'-~~-~_"-_----J=- +1-~-_-_-..I--3-2---9~~= 

6'3 12"7 6"0 9'3 (26-0) II-5 8'4 4'45 lI'O _~~_I 5"5 9'3 8'0 3·t 6-8 2"9 7"2 (}.~ ____ ~"._\~ 
,Nil (34'2) Nil Nil Nil Nil Nil I Nil i Nil I i\il I Nil Nil Nil Nil Nil Nil Nil ?\il };:il I Nil 
I I • ---------
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)sits iron oxide on standing_ t Organic matter anc HzS present. 



I54 DESCRIPTION OF SA(vrPLES IN TABLE No. 26. 

=======~=============-c_="_=~c 

", . )' 1 Boreholc ! Sample 
No. Dlslnct <lud I rovmcc. . D tl : 

---1--~!·-~----
Locality, Description and Remarks. Dale. 

------------------------ -----i ---
. ,. i Feet. I .. 

___ ~_.~ \Vorccster, Cape ProvlllCC. _________ i_~.!.-Bor~hOlc In \vorccstcr~ 1 '1-1 20/12/39 

20/12/39 '40 \Vorce~tcr, Cape Province. i 150 : Borcholc at ~randwacht. (Deposits iron oxide on standing). 
------ I ----------.--------

Uitcnilagc, Cape Province. ! 461 I Borcholc at Glenconnor. (AnaL ]uritz, RcL 365). 1908 , --::06 

'46 -I 1Iossd Bay, Cape Province.. I -1 Spring near l\losse1 Bay. (Anal. jurit7., Hef. 361). 1908 
-----1---'-------------------- --------

Oudtshoorn, Cape Proyincc. . ..... I _. -- : Boreholc at Vv"eJgedacht, '3 miles VI/est of Oudbhoorn. (Anal. 19C8 
, . Juritz, Rei. 362) 

::)15 

248 -I~~d~~~~~e-_---~------·"'---!~- -_ .. ···---fSpring at-N~kerk's"},Iopc. (Anal. Juritz, Ref. 371). 1908 
'1 --·--··------i------·~,----------~ .. - ----~ - .. ------

.249 I Alexandria, Cape Province. j i Spring at i\limosa. (Anal. Juritz, 1\ef·375)· 1908 
""-----,'---- ---~,--.-----,-.--.------.- -_._----- -_._---

247 i Uitenhage, Cape Province. i' 13oreholo at Stcmbokviakte. (Anal. Jurib:, H.ef. 369) .. 

'~-I Uiienba~e, Cape Province. -·--·------:------.. -i~)rh;~-Sandfontcin. {Anal. Jurit/:, HeL 36S}. 

... ~·-!-:\k~~·Cap;-I;~~~~--.. ------"·-·--~-I-·-·---·--~~'at Sandfiats. (Anal. Juritz, Ref. 374),. 

~;---- Oudtshoorn, Cape Province.. 1------- Spring at Oudtshoorn. 
---------------------------

565 Port Eli%abcth, Cape VrOV!!lce. 200 Boreholc, Leslies, Walmer. (Anal. Govt. Lab., Johannesburg). 

473 Hlabisa, Zulnland. Spring at St. Lucia Bay. 
-------------

460 Ubombo, Zululand .. Well in 1-10<1zi . 

S04 
,--------------------'----1---· .-.-.--------~------

, Lower Cmfolozi, Zulu!and. i IS \Vel], Hunt, Leuehafs & I-Iepbllrn's property, 200 yanls East of 
i Kwambonambi Station 

505 -- Lo-~~:~-"T_~;;r;_;!o%i~-Zululand.~--------!~-·-i3~~~llOi~~'Del~:ille Estates, 600 yards \Vest of Kwambonambi 
Station -

1908 

1908 

1908 

29/12/41 
----
IS/ 7/33 

5/ 1/42 

S/I1/p 

30/ 1/42 

30/ 1/42 

SI! Hlabisa, Zululand. -----!-----!B~~t11atubatuba Station. -------.--\~~ 

ISf Stcllenbosch, Cape Province. 60 Boreh010 East of Vlottcnberg Station. (Superficial sa~dy deposits.) I 16/12/40 
Deposits iron oxide on standing , 

---- -----_. 
16S Cape P..-:ninsula, Cape Provlllce .. 

469 Cape Peninsula, Cape Province .. 

S64· Cape Peninsula, Cape Province. 
-----

572 Namaqualand, Cape Province. 

__ STi __ i Alcxa~:.'Jria, Cape Province. 

--1--'---
Borehole at Kommctje, Cape Town. (Sandy covering over T.:'\'1.S.) 16/I2/40 50 

25 well near L.CeIWc.Vlet. t:JuperIlCl<l1 sandy deposits). 

Borehole on farm I\'Iatroos[ontcin, Cape Flats. 

Borchole, Alexander Bay State .!-..lluvial Diamond Diggings. 
(Anal. Govt. Lab., Johannesburg) 

7/ 9/42 

2/10/36 

'-'-'-'--'-____ -'-cBcoc'~eholc:_.~_._:.\lexa.ndri':::. __________________ .~~_. __ !!:.L'2!.i=-
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. dent ally Du Toit (14, p. 354) in a description of the small 
basin at Oudtshoorn states that there are no marine fossils 

beds to indicate that the sea ever extended into this region, 
;f()1NP'JPr, the analysis of Cretaceous water from a spring in 

(No. 472, Table 26) shows that it does not differ from the 
saline Cretaceous water found elsewhere, except that the sulphate 

is higher than usual, so that it is possible that here the beds 
down in an estuary. 

is interesting to note from Kenny (77, p. 140) that the Cretaceous 
of the West Darling district, Australia, aLo yield highly saline 
and that this water is probably of connate origin. 

",,~.u.--D. COMPARISON OF WATERS FROM VARIOUS 
GEOLOGICAL HORIZONS. 

OF ANALTYTICAL DATA AND CLASSIFICATION OF WATERS. 

summary is given in Table 27 of the analytical data (averaged) 
geological horizon, as tabulated in previous sections. 

nnderground waters of the Union have been classified by 
into 5 groups. There is naturally, a certain amount of 

of types. 
Group A .---Highly Mineralised Chloride-Sulphate Waters. 

chief characteristics of this type are as follows ;--
(I) These waters usually contain 100 to 400 parts of dissolved 

salts per 105
• 

Low Silica.--Expressed as a percentage of the total salts 
Si0

2 
is very low being under 4 per cent. 

Chlorides.-Very high in actual quantity and expressed as 
a percentage of the total generally exceed 27 per cent. Cl. 
but areas high as 51 per cent. Cl. 
Sulphates are relatively high, generally exceeding 6 per cent. 
S04 and in the waters from some formations being as high 
as 17 per cent. S04' 
Nal~'03 or NaHCOs.-Soda alkalinity is never present. 
Hydrogen ion Concentration.-The pH. varies but averages 

about 7'4· 
Hardness.--The total hardness is generally well under 48 
per cent. (as CaC0

3
) while the permanent hardness is 

generally well over 12 per cent. 
shown in previous ,ections, some of the waters in this group 

more closely than the others to the oceanic type of 
which the relation between the constituents is as follows :
Cl. > SO, > CO 2 > and Na > Mg > Ca. 

)preclabJle :::odium and magnesium chlorides and sulphates are 
of this oceanic type. 

, as stated in previous sections, it has been proved on palae
and other evidence that certain rock formations have 
laid down in the ocean, or else the strata have suffered 

inundation at some period after formation. Further, since 
tions are of an argillaceous character, they tend to retam 

this connate or entn'pped sea water. Of these waters those 
in the Malmesbury and Cretaceous beels most c1<Jsely apPr<)xi

sea water in composition. 
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In the case of the former it has been established that 
transgression across the strata took place in comparati 
times, while in the case of the latter it is known that the 
was laid down in the sea in a fairly recent geological "n,,~h 
longed leaching could hardly have taken place in either 
remembered that the longer the period available for lecLClllll", 
will the ground water resemble the original entrapped sea 

For comparative purposes, an analysis of sea water is 
Table 27, which, al~o expressed as a percentage of Ut'o ou1 

is the one cited by Clarke (43, pp. 126-127) and represents 
of 77 analyse~ of oceanic waters, carried out by W. Dittmal'. 
tally, Dittmar's analyse" indicate the extraordinary . 
percentage composition of the open oceans in spite of 
concentration. 

As previously stated there is some evidence from the 
Joly and others that the ancient oceans were not as 8aline 
of today. 

The resemblance between sea water and some of the 
the saline group, is most striking, but there is not the Odlll<::< 
derance of magnesium over calcium in the latter as exists in 
Thi, fact is readily explained on the grounds that the.,e . 
waters, repre3enting entrapped or connate sea water, pick up 
amount of calcium from the argillaceom beds through 
ground water percolates, since certain layers are .... "' .... '" 

It is interesting to note from Table 27 that there 
gradual diminution in chloride and sulphate and a gradual 
froni the oceanic type of water, as one proceeds from 
series to the lower Beaufort series, while in the su,;ceeulIlg 
upper Beaufort waters the percentage of chloride has drc>Pll 
negligible amount. 

As previously shown this diminution in saline 
cannot always be explained as due to climatological1acLVl 

In conclusion it may be pointed out that although the' 
this group are very saline, their salinity is nothing like 
majority of underground waters in West Darling 
Queen.,land, Australia (Kenny 77, pp. 146-151) and or 
nite of Western Australia (Simpson 57). 

The 8alinity of many of these waters can only be 
terrific. 

(ii) Group B.-Slightly Saline Chloride Waters. 

Except for a lower sulphate content, there is very little 
1Il percentage composition between the waters in this 
Group (A) waters. 

In concentration there is, however, a vast difference 
group the total salts are only about 30-35 parts per 105

• 

It has been suggested that the slight salinity of 
can be explained on the grounds that the rock formations 
are exposed very near the coast and that salt-laden . 
sea, driven inland during' gales, are responsible for the 
The chloride in these waters is therefore cyclic. 
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LULIUF:ll the water m the Table Mountain series in Natal and 
and the waters arising in the Witteberg quartzites 

Province have been placed in the pure water Group (E) 
''''"1111. of the exceedingly low concentration of salts, in percentage 

they approxiImlte to the slightly saline Group (B) for 
,prrPT1TO of Cl. in these waters is over 31 per cent. Cl. 

relatively high chloride in these waters is also due, no doubt, 
salt, since these formations also outcrop near the sea. 

(iii) Group C.-Temporary Hard (Carbonate) Waters. 
chief characteristics of this group, as exemplifIed by the 

rising in the Dolomite, Ventersdorp system, Pretoria shales, 
. rocks of the Bu.ihveld Igneous Complex, are as follows ;-

Hydrogen Ion C oncentration.-The pH. of these waters is 
consistently high (about 7.8). 
Concentration of Salts.-Except in the very arid westerly 
regions, there is a medium concentration of salts ranging 
from 25-40 parts per 10 5• 

(3) Silica.-Excluding the waters arising in the basic zones of 
the Igneous Complex, the Si02 content is moderately low, 
ranging from 6· 5 to II per cent. Si02• 

(4) Chlorides.-These waters have an extremely low Cl. content, 
ranging from 5 per cent. to 8 per cent. Cl. 

(5) Calcium and Magnesium Bicarbonales.-A relatively very 
high temporary hardness is the chief characteristic of this 
group of waters. 68-90 per cent. of the dissolved solids 
in these waters consist of Ca(HCO a)2 and Mg(HCO a)2' 
There is very little permanent hardness. 

waters arising in the basic and ultra basic rocks of the 
Igneous Complex (more particularly in the pyroxenic and 

basic rocks) should, by right, be allocated to a sub-group, for 
ters, as shown on page 52, consist very largely of Mg(HCOa)2 
an appreciable silica content. Ca(HC03)2 is present in very 

amount. The percentage of Si02 is extraordinarily high (16 
Si0 2) and the absolute amounts present are higher than 

other water~, excluding the Pondoland Dwyka springs. 

(iv) Group D.-Soda Carbonate Waters. 
ters arising in the middle and upper Beaufort beds, the 

sediments and lava:;, Red granite, Pilansberg alkali rocks, 
granite of the Northern Transvaal). 

waters may be regarded as a sub-group of Group (C), for 
also carbonate waters, the only difference being that, whereas 

case of Water Group (C), the alkalinity is mainly due to 
3)2 and l\1g(HC0 3)2' in the case of the soda carbunate group 

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). 

CaG: MgG RaIZo.-There is generally far more calcium 
than magnesium, except in the case of certain Old granite 
waters. 
Silica.--Except in the case of upper Beaufort and Stormberg 
waters, the SiOz content is generally very high, ranging 
from 12-18 per cent. SiOz, in terms of total salts. 
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(3) Sulphates.-·-Except in the case of the upper Beauf 
the S04 content is very low indeed and even in 
waters it is not very high. 

(4) Na 2C0 3 or NaHCOs.--The chief characteristic 
waters is the very high soda alkalinity 
generally from IS-38 per cent. (as Na2C0 3) 

NaHC0 3 rather than Na 2CO S' Sometimes, 
Na2C03 is present as well. 

(S) Hardness.--Unlike the waters of the 
Ca(HCOs)2 and Mg(HCO,,)2 seldom exceed So 
CaC0 3)· 

(6) Chlorides.-Except in the case 
the chloride content is very low. 

(v) Group E.-Pure Water Group. 
(Witwatersrand system, Pretoria quartzites, 

stones, Table Mountain series in the Cape Province and 
Old granite waters in the Southern Transvaal). 

As would be anticipated, the pure waters are 
.sandstones and quartzitic rocks. 

The chief characteristics of this group are:-
(r) LoZCJ Concentration of Salts.-The concentration 

well under IS parts per 105. 

Some of these waters, particularly some of 
in the Pretoria quartzites, approximate to 
with total salinities of only 2 to 4 parts per 

(2) Hydrogen Ion Concentration.-There is 
acidity, the pH. being just under 7 '0. This 
expected in waters arising in rocks composed 
silica and so devoid of bases. The dight ac:'idity, 
free CO 2 in solution. 

(As has been shown, the waters from the Ta 
series in the Cape Province often show pH. 
low as 4' S which is. due to acidic organic vV.CN.',", 

a less extent to free CO2,) 

(3) CaO: MgO Ratio.-MgO generally exceeds 

(4) Silica.-The Si02 content is generally quite 
cularly in the case of the Old granite waters in 
Transvaal. The exception is the water from 
Mountain series in the Cape Province which, 
aforementioned, approximates more to the 
Group (B). 

(S) Chlorides.-The Cl. content is generally 
ranging from 8-14 per cent. Cl. with the exc;ep-t1J 
waters arising in the Table Mountain series 
Province and Natal, and in the Witteberg 
all of which show over 30 per cent. Cl. 
however, overlap as aforementioned into the 
Group (B). 

(6) Hardness.-These waters are all very soft. 
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GENERAL OBSERVATIONS. 

A study of Table 27 brings to light the following :-
The most saline waters (excluding the Pondoland Dwyka 

springs, which are few in number) are those rising in the Old 
granite of the North-West Cape, which show an average con
centration of nearly 700 parts per 10 5• 

The purest waters are those rising in the quartzite and 
sandstones of the Pretoria series, Witwatersrand system and 
Waterberg system. 

The mo~t alkaline waters are those aridng 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 water:' in the C"pe Province. 

The highest percent"ge of silica is found in the granitic 
waters and in the Welters "rising in the basic rocks of the 
Bushveld Igneous Complex. As already stated the latter 
Welters also show the highest absolute amount of silica of all 
all waters (excluding the few Pondol"nd springs) in the Union. 

The highest percentage of sulphate is found in the Old 
granite waters in the N. We.it Cape, "nd in the Dwyka waters 
in the Cape Province, Western Transvaal and Pondoland. 

The most consistent of all waters "re those arising in the 
Dolomite, which in percentage composition vary hardly at "n, 
wherever found. 

WATER MAP 

A " Water Map" has been compiled by the author to illustrate 
distribution in the Union of South Africa of the various types 

ter summ"rised above. 
It must be strongly emphasised th"t this Water Map merely 

ISU"H;S the tendency for the grMmd waters in certain areas to conform 
certain type, and there may be far more anomalies than shown 

m"p. In some cases this tendency is so definite as to become 
a bw. For ex"mple, the waters arising anywhere in the upper 

beds, with but only one or two exceptions, show a strong 
alkalinity, while waters "rising in the Dolomite will, without 

""I-->LlL''', conform to Group (C), 
the other h"nd, the watecs found in the lower Beaufort beds, 

generally conforming to Group (Al, will sometimes approximate 
(D), "nd so on. 

Needless to say, the boundaries of the different diviEions on the 
are, in most c"ses, purely arbitary (except on the boundaries 

pure water division in the C.P. which follow the outcrops of 
Table Mountain series,) 
In the compibtion of this Water Map the chief difficulty arose 

::C()l1Ilect'loll with the Ecca waters in the Northern Orange Free 
Transva"l and Northern Natal, which, unlike the Ecca Welters 
Cape Province and Coastal N"tal, do not conform to any 
ar type, Instead ,,11 types of water (except the highly 

chloride-sulphate type Group A) are found. Hence in 
regions the compilation held to be based on actual analyses. 

these "reas the m"p m"y prove unreliable. Generally speaking, 
''''<>'''M, the Water Map should prove a very useful guide as io the 

of water likdV to occur in any p"rticllla r "rea 
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A study of this Water Map brings to light the following "'lv'S 

acts :-

(i) Effects of Climate. 
It will be observed that in approximately "U,C>_T'j'T 

Union of South Africa, waters of the highly mineralised 
sulphate type prevail. Fortunately many of the 
this type are found in the sparsely inhabited regions 
North-Western Cape and Namaqualand. ' Nevertheless, 
part of the important sheep farming districts of the 
have ground waters of this type. 

It might be claimed that climatological 
responsible for the high salinity of the water,' in these 
since the rainfall is generally low, but, as has been 
out previou~ly, there are many exceptions. For 
some of the districts in the Cape Province, in which the 
saline waters occur, there is a high rainfall, e.g. the 
in the Dwyka beds in Pondoland which show an 
concentration of 920 parts per 10 5 in spite of very 
rainfall, while highly saline waters are found in 
Beaufort beds in Hofmeyr and Queenstown in spite 
high rainfall. Conversely, some of the regions in the 
in which soda carbonate waters are found are under 
less the same climatic conditions as those 
saline wa ters the difference in the waters being due to 
in the geological horizon. 

Furthermore, along the eastern coast of the 
Portnguese Ea,t Africa, where the rainfall is d.UllVI"'_---J 

highly saline waters are encountered in the Cretaceous 
over, most of the saline waters approximate more to 
type of water in which the relation between the COlI51-

is Cl. > SO. > COs and Na > Mg > Ca rather than 
" desert type" in which the relation according to 
(35, p. 28) is SO. > C0 3 > Cl. and Ca > Mg > Na. 

(ii) Prevalence of Soda Carbonate Waters. 
It is interesting to note that the ground water of 

third of the Union belongs to the soda carbonate 
alkali ") type. 

(iii) Purity of Natal Waters. 
Except along the coastal belts, the ground waters 

are comparatively pure. 

IDENTIFICATION OF GEOLOGICAL HORIZON FROM NATURE 
GEOUND WATEE. 

It will be observed from the analytical data <" lmm'trl! 

Table 27, that, although waters from certain geological rock 
have very definite characteristics, these characteristics 
common, to waters from certain other formations. Tl-,PrJ"tol 

chemical nature of a borehole water should only be used with 
caution ao a guide to the identity of the horizon in which 
arose. Perhaps the only water which has characteristics quite 
from any other is the water arising in the pyroxenic and 
rocks of the Bushveld Igneous Complex. These waters COll1tZL!ll, 

entirely Mg(HC0 3)2 and silica. 
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is known, however, that a borehole sunk to a certain horizon 

: yield, for example, highly saline water, but if continued to 
horizon may yield fresher water or vice versa. For example 
(1, p. 23) cites the. case of a borehole on a farm near Prieska, 

struck strong highly saline supplies in Dwyka tillite at 205', 
continued down into granite (by the aid of casing), yielded 

of much less saline water. On page 62 the author ha, also 
example of the borehole in the Britten salt pan, which 

non-saline water when continued down into the underlying 
Lava, though boreholes located in the Dwyka tillite in 

H:;Hleu highly saline water. 
",·c,f,,,c,, in a few im:tances it is possible to identify a geological 

the chemical nature of the ground water, but, as afore
extreme caution mmt be exercised. 

.-THE CONCENTRATION OF CErn AIN ELEMENTS IN 
THE UNDERGROUND WATERS OF THE UNION OF 
SOUTH AFRICA. 

HYDROGEN ION CONCENTRATIONS. 

.Ne,tl1ing has hitherto been published regarding the hydrogen ion 
of the underground waters of the Union and therefore 

data tabulated previously should prove of interest. 
waters showing the highest ion concentration.> are the dark 
spring waters arising in the Table Mountain series in the 

Province. . 
shown in Table I4, pH. values as Iowa,; 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 came of 

has been discussed fully, where it was shown that free 
partly responsible, the main cause being the organic 

acids derived from the prolific heath-like type of vegetation 
in the soils on the Table Mountain series. As would be 
the waters showing the lowest hydrogen ion concentrations 

soda carbonate waters. 
highest average pH. figure, namely 8· 2, is shown by the 

. in the middle and upper Beaufort bed.>. In these, value., of 
8. 5 and 8·8 are not Ullcommon, while a spring water in 

dll;dly~eu by the author, had a pH. value of 9'4 (Table 23)· 
water 57 per cent. of the dissolved salts consisted 

"'UVV3 and Na2C0 3. 

highest pH. of any natural water yet recorded in the Union 
for the highly concentrated NaCl--Na2C0 3-NaHCOs liquor 

soda calclera at Salt Pan, Pretoria district. A composite sample 
brine from 27 samples in the pan was tested by the author and 

have a pH. of 10·6. The next highest was that of a borehole 
Pilansberg (page 42). This water had a pH. of 9.8 and 

cent. of the salts consisted of NaHCO s and Na 2C0 3• 

~L"ll' ,:" (45, p. 455) mentions that a sodium carbonate water in 
had a pH. of 10 '0. 

Jntor1:urlately the complete analyses of the soda carbonate waters 
Great Artesian Basin, West Darling district of Australia cited 

y (77, p, ISO) do not include pH. figures. 
unfortunate that no pH. figures are given in the analyses 
carbonate waters from different parts of the world cited 
(43) and Lindgren (35)· 
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A ctudy of the data collected by the author shows that 

" Soda alkalinity" does not necessarily mean a high j)H. valuf 
alkalinity is meant, of COULie, the difference between the total 
and the alkalinity when the latter exceeds the former). For 
the cmaly:ois of Sample 503 in Table 23, shows that ale', 'v~"u 
cent of the salts in thL water consists of soda alkalinity, 
only 7 '7. In this particular case NaHCO s and not Na2CO S is 
whilst "free CO;' is also present. Some of the Red granite 
show cm appreci,lble soda alkalinity but have very low 
(see Tc{ble 5). The determining factor is therefore the O.ffi,()l1' 

"free COt. For practical purposes NasCO s is pre5ent 
nolphthalein indicator imparts a pinkish colour to the water 
pH. exceeds 8· 2). 

From the data already tabulated it will be observed 
the exception of the Dolomite waters, there is generally a 
in hydrogen ion concentration in the water from 
geological horizon, even in those waters which are 
consi:;tent in chemical composition. The Dolomite 
hardly any variation at all (pH. 7.8-8'0). 

The work of GreenfieJd and Baker (26) has shown that 
reaction of water is largely due to equilibria between CO2 and 
ions kept in solution in conjunction with calcium and m'lgrlesiUl.; 

The result of the author's investigation into the relation 
" free CO;' and the hydrogen ion concentration in natural 
the Union is illustrated by figure I. 

NITEATES. 

Nitrates in the ground water are not generally 
the rock formation through which the water percolates, 
nitrates in the soil or from pollution. 

The presence of nitrates in water is usually regarded as a 
actual pollntion, but, as pointed out by Clarke (43, p. 197) 
not necessarily the case. 

Nitrates in the ground waters may be the result of 
following causes ;-

(1) Pollution of the water by human or animal ag"m;y, 
(2) l<rom nitrates in the soil, which in turn rmly 

from-
(a) The atmosphere, by the fixation of a 

nitrogen either through the agency of 
bacteria in the soil or through electrical 
during electrical storms, nitric acid being 
down subsequently by rain. The amount of 
derived from this latter source is generally 
as small, but it must be pointed out that 
Transvaal Highvcld, where electrical drlrrrlS 

prevalent during summer months, the 
nitrates produced in this manner may 
appreciable. 

(b) By the oxidation of organic matter 
through the agency of nitrifying rtpna 
reaction between organic nitrogenous 
alkaline salts. Nitrates may thus occur 
siderable amount in arid regions where 
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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 5 , emd 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 N0 3 amounts to about 
41 parts N0 3 per 105, or 36 per cent. N0 3 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 
percobted. 

(3) Volcanic action. 
Chrke (43, p. 259) suggests that nitrates in Welters ansll1g 111 

rocks can be the result of recent volcanic activity, but in 
case the nitrates always appear to be accompanied by boron 

This could hardly be a source of nitrate in waters in the Union 
no volcanic activity at all has taken place in recent times. 

The highly mineralised Old granite waters in the North-West 
(Table 3) often contain 20 or more parts NOs per 10 5. One 

(No. 615, Table 3) contains as much as 221 parts NOs per 
this works out on the percentage basis, at only 6·6 per cent. 

Another sample (No. 613) contains 153 parts per 10 5 (9.6 per 
N0 3)· 

Even the highly concentrated brine from the Matsap salt pan, 
Province, describei:! by Rogers (47) contains only 10 per cent. 

in terms of total solids. 
Most of the waters in the very 8Tid Mandated Territory of South 

Africa have an exceedingly high nitrate content. It is obvious 
the exceedingly high nitrate content of the Old granite waters 

to above is not due to pollution but to the rapid nitrification 
goes on in very arid regions, as in the case of the Arizona 
. The high nitrate may also be due in part to electrical storms. 

The author has come across only one case of a spring water 
appreci,lble nitrates (526, Table 20), but the majority of 

wells or borehole waters show small amounts of nitrates. 
of 1-2 parts N0 3 perro 5 arc quite common in town boreholes 

waters, this fact appears to point to pollution as being the main 
of the appreciable nitrate content, particularly as it is the 

of public analysts in the Union, that the nitrate content 
and borehole waters in the younger towns of the Union, show 

"'r,o",,' re> increase with age. 
However, it is not possible to be dogmatic, for apart from the 

regarding the Old granite waters in the arid North-West 
the author has come across a few cases where boreholes in 

regions showed a fairly high nitrate content, but no nitrites 
but little chloride was present, and furthermore, no contamination 

possible. 
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When, however, the nitrate content is excessively high 
percentage of Cl. is abnormally high for the particular 
horizon under investigation, then it is reasonably certain that 
has taken place. Thus a geo-chemical survey of the 
may prove of value of settling the problems of pollution. 

Apart from the questions of pollution by 
bacteriological condition of the water resulting 
authorities, on physiological ground.s, consider that a water 
over about I part N0 3 is not potable even if 
Furthermore, an appreciable nitrate content in boiler feed 
unde,irablesince there is the possibility of decomposition of the 
under certain conditions (i.e. in "dry areas" of boiler 

SULPHATES. 

Clarke (43, pp. 189-I90) and Lindgren (35, pp. 49-52) 
as " sulphate waters" all waters in which SO 4 is the principal 
ion, and the analyses cited show sulphates in amount from 
cent. to 76 per cent. SO 4 in terms of tot<u salts. 

Excluding acid mine waters in which sulphuric acid or 
are generally present in considerable amounts as a result 
oxidation of pyritic ore5, there are no waters in the Union l'()lrr,o~n' 
to this class. In the Union high sulphate waters are 
associated with very high chloride, but the SO 4 seldom exc;eet.s 
cent. SO 4' This association of Cl. and SO 4 mggests a 
with oceanic waters or cyclic salts from the >'ea in which, as 
stated, the relation between the ions is Cl. > S04 > 
Na > Mg > Ca. 

Lindgren (35, p. 28) states that in desert regions the 
between the constituents of the ground waters is SO > C03 

In the very arid regions of the North-West Cape Prrminr'p 

the rainfall is about 5" per annum, the highly mineralised 
waters contain a large amount of sulphates. In a few of 
exceeds Cl. (Table 3). However, this relation is not ".,or1Pnll 

the average Cl. exceeds S04' The average S04 content in 
total salts is 19 per cent. while the Cl. is 30 per cent. 
(No. 613) namely a borehole water from the Upington district, 
409 parts S04 (or 26 per cent. S04)' while another contains 
504 or 42 per cent. S04' the highest percentage yet ,'p,'nr'r!pr! 

Union. 
The Dwyka waters of the Cape Province and Pondoland 

Bokkeveld waters also contain a fair amount of sulphate 
per cent. 504) but Cl. always exceeds SO 4' 

Both the Ecca series and lower Beaufort beds in the Cape 
yield waters with a S04 content of over 10 per cent., 
Malmesbury, VVitteberg and Cretaceous waters and water 
coastal formations also contain appreciable sulphates, but 
case Cl. exceeds SO 4' 

Apart from these, none of the ''iaters from the other 
yields waters with consistently high sulphate values, that 
5 per cent. S04' . 

From the author's analytical tables and the Water 
be noticed that high sulphate waters are exceedingly 
Northern Natal, Northern Free State and in the 
for salt pans in the Dwyka Tillite in the Western Transvaal, 
highly saline granitic waters on the North-Eastern 

VelY occasior 
may yield high 5 

(For example sam: 
the SO 4 ranges fre 

. cent. to 5 per cen 
(as CaC0 3), so that 
waters. 

The high sull 
climate for the re 
salts is only mode 
in these isolated c 
doleryte dyke, fo 
or it may be due 

Many high 51 

as "Medicinal Spr 
reduction of some 

As will be sh 
a matter of greai 
that so few of thE 
silica content. '0 
common in the 1. 

Clarke (43, J 
especially in gey, 
cites analyses of 
cent. SiOz in ter 
volcanoes or geys 
unknown. 

It has alread' 
arising in the Oc 
with a high alka 
content, ranging 
SiOz in terms of 
Content very oce; 

The arenace 
Waterberg sand, 

~~H Cd~;e of SiC 



rom, some 
'. containing 
[cally pure. 
d water, is 
the nitrate< 
ubes). 

-52) classify 
pal negative 
from 52 per 

or sulphates 
,suIt of the 
Jrre3ponding 
early always 
ceeds 10 per 
relationship 

1S previou,;ly 
> C03 and 

the relation 
COs> Cl. 
lVince, where 
i Old granite 
of these S04 
neral and on 
t in terms of 

One sample 
:rict, contains 
.ins 221 parts 
~orded in the 

lland and the 
late (over 13 

::ape Province 
It., while the 
r from Recent 
but in every 

ler formations 
that is, over 

r l\1,ap, it 
y rare in the 
rlsvaal (except 
svaal, and the 
.1svaal border). 

167 
Very occasionally waters in the Eccas series in these regions 

yield high sulphate waters unaccompanied by high chloride. 
example samples 394, 380 and 96 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(HC03)2 and l\1gHCO s over 55 per cent. 

vd", '--' " , so that those waters could be described as sulpiJo·carbonate 

The high sulphate content cannot be due to the aridity of the 
for the region is very well watered and the concentration of 

is only moderately high. It is suggested that the high sulphate 
isolated cases may be due to the proximity of a pyritiferous 
dyke, for dolerite dykes arc 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 2S gas due to the 

uctlO' ,n of some of the sulphate by decaying organic matter. 

SILICA. 

will be shown the quantity of silica in a boiler feed, water is 
,~ttpl' 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 

the Union. 

(43, pp. 195-197) shows that in volcanic waters, and 
in geyser waters, Si02 may reach 50 parts per 105. He 

analyses of geyser water in which Si02 varies from 16-51 per 
Si02 in terms of total salts. There are of course, no active 

or geysers in the Union and hence waters of this type are 

has already been shown that the alkaline soda carbonate waters 
in the Old granite and the Red granite rocks (both rocks 

a high alkali felspar content), show the highest average silica 
, ranging on average from about 13 per cent. to 20 per cent. 

in terms of total solids, though in absolute amount the SiOz 
very occasionally exceeds 5 parts Si02 per 10 5. 

arenaceous formations like the Pretoria quartzites and 
prfwrfY sandstone8 yield pure waters with a relatively high 
~HI_d~,C of Si02 (16 per cent. to 20 per cent, Si02) but in absolute 

the Si02 content is generally well under 2'0 parts Si02 per 10 5. 

waters with the most consistent silica content are those 
in the basic rocks of the Bushveld Igneous Complex. Not. 

is the average percentage of Si02 very high (16 per cent. Si02) 

of these waters have a silica content of 5-8 parts Si02 per 
is higher than any other waters, excluding the few Dwyka 

in Pondoland alreiLdy discus8ed. 

already mentioned the waters of the highly mineralised chloride
group invariably contain very little silica (less than 3 per 

Si02) • 

temporary hard (carbonate) group of waters, of which the 
waters are the be,t example, 8 re extremely con, istent in 

content which how('ver, is moderately low (with the exception 
l\1g(HCOah waters from the basic zone or the Complex) . 
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A fact which is brought to light by this survey, i, that, 
the waters with the highest percentage of SiOz are the eoda 
group, it doee not ne('e~,arily follow a high coda alkalinity is 
accompanied by high c'ilica contenL For example the 
waters from the upper Beaufort and Stormberg 
contain much silica (from 6-8 per cent. SiOz). 

According to various authorities, waters rich in organic 
are supposed to carry much silica, but as shown on page 91, 
coloured water8 from the Table mountain series in the Cape 
carry very little silica (4-7 per cenL SiOz)' 

The chemistry of silicic acid in aqueous solution is still 
controver:;ial subject, and there is considerable doubt as to 
the silicon is present as sodium silicate or as silicic acid. 

Apparently the prevailing theory among analysts in 
. is that the silicon is present as sodium silicate, but from the 
experiences, this does not appear always to be the case. 

Thresh and Beale (48) claim that 99 per cent. of the 
natural waters is molecularly dispersed, but Stumfer's (49) m,,'p"T' 

on the problem as to whether the silica exists as a crystalloid 
contradicts this. He found that a comparison of silica COllCE'n 
indicated by gravimetric methods (giving colloidal plus 
silica) and colorimetric tests (crystalloidal silica only) 
up to a silica concentration of o' 5 parts per 100,000, all 
was present in the crystalloidal state, that is moleeularly 
Beyond o· 5 parts, the gravimetric test gave higher results, 
an increasing amount of colloidal silica. Harman's (50) 'n",pOT 

also support this view. 

Headden (5 r) regards silic" "spartly present in the 
allmline silicates. Clarke (43, p. 195) however, states ;-

" In natural waters silica is actually present in 
state and not in acid ions (SiOz). On evaporation 
the silicate may form but only when there is a ae:nCl 
other "cid groups. Such a deficiency is i'lldica1te(j, 
pronounced alkalinity in any highly siliceous water 

In support of this view we may take the case of the 
waters from the basic rocks of the Complex. As alC)re:mentjl()l 
absolute amount of silicon is higher than in any other wa 
from 5-7 parts SiOz per 10 5. No soda alkalinity is present. 
more, if ,,11 the silicon be calculated as Na 2Si0 3, the sum 
constituents exceeds the total solids found by actual deterrl 
(In these waters it is not difficult to work out a hypthetical 
of ions since only Mg(HC0 3) z, Ca(HC0 3)z, SiOz and" very ~lH''''''J 
of chloride is present). Furthermore, "s mentioned on pal~"'.· 
silica present in the surface magnesite deposits in these 
the form of opaline silica, having been deposited from 
a colloidal gel. 

However, in the case of the soda rich granitic wa.tel:S 
"ppear, from the total oolids determinations, that part at 
silicon is combined as alkaline silicates. 

The chief difficulty in settling this problem is that as 
on page 8, there is no aSCl]rate method for the 
sodium. 
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FLUORIDES. 

There is a certain amount of literature regarding endemic dental 
.,A,-nei (" mottled enamel ") in the Union of South Africa, cau,ed by 

continual ingestion of toxic amounts of fluorine from the water 
for cooking and drinking, during the period of maximum dental 

. curing calcification). Nothing however, has hitherto 
L)l1',lleU regarding the distribution of fluorides in the under
waters of the Union from the geo-chemical aspect, though 

the work of Ockerse (9, 10 and 78), Steyn (53), Staz (54) van der 
(69), and others, certain districts are known to be " mottled 

"area~. The data collected by the author should therefore 
informative. 

There appears to be very little in the overseas literature regarding 
distribution of fluorides in ground water. Lindgren (35, p. 69) 

"Fluorine is present in traces in many waters, both 
superficial and deep, but it appears in larger quantities in waters 
of the sodium carbonate type. " 

It would appear from the author's investigation that this also 
.ppJlles to the Union_ 

Unfortunately determinations of fluoride are rarely made, even 
more complete water analyses. According to Gautier and Clausmann 

the fluoride content of spring waters varies from o' 3 to 6 parts 
million, being highest in waters issuing from area, of eruptive 
This also applies to the ground waters in the Union, for, as 
on page 43. all the waters i"'suing from the alkali volcanic 

of the Pilansberg contain appreciable fluorides. 

Lindgren (35, p. 54) and Clarke (43, pp. 193-1 94) cite only two 
of waters containing fluorides, namely the Ojo Caliente spring, 

New Mexico, and the Sprudel, Carlsbad, Bohemia, both sodium 
l~h.n11.'lt' waters. The fluoride in the former water amounts to 5 parts 

per million (or o' 19 per cent. F. in terms of total salts). In the 
spring water there are 1·6 parts F. per million (or o' 03 per 

F.). 
According to De Gouvenian (52) and Carles (56) the fluoride 

of the famous Vichy water varies from 7-18 parts F. per 

Sea water, according to Gautier and Clausmann (55) contains 
parts F. per million. The author tested a sample of sea water 

Durban Bay and obtained a figure of 0·8 parts F. per 10
5

• 

A potable water is usually condemned by Public Health Authorities 
its fluoride content exceeds I part F. per million. In view of this 

it is interesting to note the high fluoride content of the celebrated 
and Carlsbad waters. 

It should also be pointed out that recent investigations overseas 
pointed to the nece,sity of having a small fluorine content in 

"".weti water supplies, and in some water-works in the United States, 
is added to the treated water in amount not exceeding I part 
per million, as an insurance against dental caries. 
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The highest fluorine value for any natural water in the 
is that of highly concentrated soda liquor in the Pretoria salt 
A composite sample taken from 27 boreholes in the pan was 
by the author and found to contain 358 partoiF. per million 
per cent. F. in terms of total salts). The pH. of this brine 
already mentioned 10·6. Ockerse and Meyer (78) cite an 
a sample of the brine which shows 340 parts F. per million (0' 
cent. F.). If we exclude this highly concentrated brine the 
amount of fluorine yet recorded in the Union is that in the 
in Ledig, Pilansberg (sample 553, Table 5). As aforementioned, 
water is highly alkaline with a pH. of 9.8 and a fluoride corlteJCl~ 
35'0 parts F. per million (3.6 per cent. F. in terms of total salts) 
a record for a borehole water anywhere in the world." 

The author's investigations have brought to light the 
facts concerning the distribution of fluoride waters in the 

(1) It is only the Red granite water and waters issuing 
Pilansberg alkali rocks that consistently contain 
over a part F. per million). With hardly an PY"PT,t 

these waters contain fluorides in appreciable arrlOUnt. 
Fluvrides in appreciable amounts 3re sometimes 

the Old granite waters, particularly tho~e in the Nnrth 

Cape, but generally speaking this i" not a consistent 
of Old granite waters, while the amounts present are 
of the same order as those in the Red granite and 
waters. The highest fluoride content in an Old 
water recorded by the author iE that for the Sabie R"'<1O'<I 

spring (No. 405, Table I), namely 9'0 parts F. per 
(3' 5 per cent. F.J. 

The probable ,ource of the fluorine in these rock: ha: 
discussed previously. 

In connection with the association of fluoride waters 
granitic rocks, it is intersting to note that the waters 
Colorado springs, where "mottled cnamel" was 
ob"erved and described, come in contact with 
Mc Kay and Black, 67). In India the area aff,,,ct,ec 

endemic' fluor03is i, underlain by granite or gneiss' 

(2) Although waters with a consistent and appreciable 
content are, generally speaking, confined to alkaline 
issuing from granitic rocks and the Pilansberg alkali 
there are however isolated ca~es of waters which 
an appreciable quantity of fluoride, arising in 
other than granite or gneiss. The most important eX"l1~. 
are the following :-

Kalkheuvel borehole water, Pretoria district, 
parts F. per million (2 per cent. F.), and a soda all''''''' 

of about 53 per cent. (as Na2C0 3) (Ockerse 
The formation is probably the Ecca series. 

Borehole waters in Shannon and Dewetsdorp, 
Free State. 

* Since the above was written a strongly alkaline spring water (pH. 
Doornhoek 134. PiJansberg, District Rustenburg, was found to contain 67 
F. per 106 (6'39 per cent. F. of total salts). 56 pcr cent. of the total salts 
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 I' 4 and 
2'2 per cent. F.). Both waters have a high soda alkalinity 
over 27 per cent. as Na2C0 3). 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, 801.;0 contain an appreciable quantity 
of fluorine. 

(3) From data tabulated by the author in previous sections it 
will be observed that, except for the Old granite waters 
in the North-West Cape Province, only those waters which 
contain Na ZC0 3 01' NaHC0 3 contain an appreciable quantity 
of fluorine (that is excess of I part F. per million). The 
converse is however not necessarily true. For 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 7 it was shown that in these soda carbonate waters, 
fluorine was present as N aF and not as CaF 2, since there is a large 

of NazC0 3 or NaHC03, and no permanent hardness. 

This is a most important point. Various workers have observed 
the attainment of gross symptoms of fluorine intoxication is 

pllll"'"Y associated with the chemical nature of the fluorine com
and it has been established that 20 times as much CaF 2 is 
to produce the same degree of severity of symptoms as is 

.""U"cu 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 

to the Old granite waters in Natal. One probable reason is 
as aforementioned, the Old granite in coastal Natal does not 

rise to the soda carbonate type of water but to a slightly saline 
; furthermore, owing to the high rainfall considerable leaching 
place, with the result that none of the Natal waters are highly 

Ull'C'd,'J·:~t'J.. The problem of 1 he removal of fluorides from drinking 
is discussed under " domestic supplies". 

POTASSIUM. 

Attention has previously been drawn to the paucity of potas,;ium 
in the ground weLters of the Union, even in the case of those 

from rocks like the Red granite which contain more K 20 than 
In the highly mineralised Old granite waters of the North 

Cape and North-Eact Transvaal the potassium content seldom 
A""CC", I part K. per ro 5 while the percentage of K. in terms of the 

salts seldom exceeds 0'4 per cent. The highest potassium 
found in these granitic waters was that of a borehole water 

Alldays in the North-Eadem Transvaal, with 2·6 parts K. per 
2'2 per cent. K. in terms of total salts.) In the Old granite 

Na20 generally slightly exceeds K 20. 
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In the spring or borehole waters from other 
potassium content seldom exceeds o· 5 parts K. per 10 5. A few 
medicinal springs contain more than the above amount of "ULd"~l 
For example, the Lilani spring in Natal contains 2'3 parts 
10 5 or 5.8 per cent. K. in terms of salts, while the Caledon 
contains 2'·1 parts K. per 10 5 or 12'3 per cent. K. which 
one of the highest percentages of K. recorded in the Union. 
this" Thermal spring" issues from the Table Mountain series, 
already pointed out, the Table Mountain series is 
felspathic in the Cape Province, hence it would be very UH.lJ"l.! 

account for the potassium content. It is possible therefore 
water has it origin in some deep-seated pre-Cape rock mass, 
the Cape granite. This theory is supported by the fact 
temperature of the water is 1200 F. The complete analysis of 
two medicinal springs is given in Geological Survey Memoir 

Even the highly concentrated brines in the salt pans in n.1H.1I).' 

and Bloemhof district contain only a small quantity of 
salts and this applies also to the brine of the Matsap " Nitrate 
in which the potassium content is only 1'4 per cent. K. The pOltas: 
content of the brine in the Kimberley-Bloemhof salt pans 
usually determined and therefore the following complete 
carried out by the author many years ago may be of interest 
show the relation between sodium and potassium. Two of the 
have already been given in connection with the Dwyka 
but are reproduced here. The Dwyka tillite in the pan 
Christiana district is very thin and there are exposures of Vpnt'pro 

lava with large porphyritic felspar crystals. This may 
the different type of brine in this latter pan and for its much 

content :-

NaCl .................... . 
KCI. .................... . 
(K) ..................... .. 
MgSO, ................... . 
Na,SO, .................. . 
CaSO, ................... . 
NaHC03••••••••·•·•••··• • 
Na,C03 ••••• ••••••.• " ••.• 

Moi,,;;ture .. '" ............. I 

Brine in 
Britten Pan 

Borehole No. 1. 
% on Dry Salts. 

77'5 0 

3'24 
(I . 6) 

12'00 

7' 10 

Nil 
Nil 

0'20 

Brine in 
Britten Pan 

Borehole No. 2. 

% on Dry Salts. 

76 '5 2 

6'08 
(3' 2) 
9'76 
5. 60 
0'48 
Nil 
Nil 

o· 

The brine in the soda caldera, Salt Pan, Pretoria district, 
standing its great concentn'ltion contains only II' 9 parts K. 
or only o· 09 per cent. K. in terms of tot,ll salts: now this 
previously shown in primarily derived by concentration .fr~,nY' 
granite ground waters, and in the Red granite KzO sometimes 
Na20. 

To turn now to the reason for the paucity of 
in the ground waters and concentrated brines in the Union. 

Analyses of fresh and weathered granite indicate that 
NazO are removed in more or less the same proportions from 
rock during the process of weathering, but it is a well 
fact that polass2'um and sodium compounds pass unequally into 
in the ground 'IJ'ater. This is on account of the fact that 
tend to retain potash by "adsorpti,'l1 ". 
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The investigation of Crawley and Duncan (71) have shown that 
of certain clayey soils only 6" deep will adsorb 98 per cent. of 

potassium salts from solution, but will let practically all the Na 
through. 

It is therefore not surprising that even the granitic waters in the 
contain only very small quantities of potassium salts. 

Dickenson (89, p, 43) in a discussion of the saline.ground waters 
the Moonaree Station, S, Australia, is puzzled apparently by the 

that, though the ground waters of this region are situated in a 
r.rr)hvTv with a K 20 content of over 5 per cent., they contain very 

He makes the following statement :-

"If the saline 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 pota5sium 
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 
adsorb the bulk of the potassium, so that the position would 

to be analogous to that of the granitic waters of the Union 
Africa. 

SODIUM CARPONATE. 

Reference has already been made to the abundance of soda 
te waters in the Union and it has been shown that, in most 

them, NaHC0 3 rather than Na2C0 3 is present. 
It has also been stated that soda carbonate waters are to be 

in granitic and other igneous rocks like the Stormberg 
which contain a fair amount of fresh soda felspars, On the other 
the consistent and appreciable Na2C0 3 or NaHC0 3 content of 

rising in the upper Beaufort and Stormberg sandstones is at 
sight rather surprising in view of the fact that the febpar in 
thic sandstones being usually of detrital origin, is normally far 
fresh, since the febpar grains have had a good deal of their 
or K 20 content removed during transportation. It was sugge3ted 

that in view of the probable aeolian origin of these sand
felspar in the sands tones may be comparatively fresh, as 

'u"'nlrl be in granitic rocks and would therefore tend to give a rise 
soda alkaline waters. Lindgren (35, p. 53) states that Na2COa 

are not common in sedimentary rocks and suggests that alkaline 
tes in these waters are probably derived from a reaction 

tw'oen Na2S04 and CaC03 or between NaCl. and CaC03 • However, 
explanation could not apply to the aforementioned waters since 
, and sulphates are generally very low indeed. 

aforementioned the waters with the highest (average) soda 
are those arising in the upper Beaufort and Stormberg 

The maximum percentage found was that of a borehole at 
in the upper Beaufort beds with 60 per cent. (as Na2C0 3), 

the highest absolute figure so far recorded (excluding the" brine" 
'the soda caldera at Salt Pan) was that of a borehole in the Old 

at Allday~, Northern Transvaal, with 43' 5 parts (as Na2CO S) 

10 5 (35'5 per cent.). 
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Kenny (77, p, ISO) furnishes several complete analyses 
characteristics of soda carbonate waters (Jurassic age) in the 
Australian Artesian Basin. The percentage of Na 2C0 3 (or N 
vary from 8 to 80 per cent., the majority being over So p 
The highest ab30lute amount is 137 parts Na.C03 per ros. 

H is interesting to note that sodium carbonate or 
waters are very rare in Canada (Leverin 87). 

As will be,shown that the absolute amount of Na2C0 3 or N 
present in ground waters is a matter of some importance if the 
is to be used for irrigation or for human consumption. 

IRON. 

The iron content of ground waters in the Union 
coune acid mine waters) is generally very low. Even the 
"Chalybeate Springs" do not contain much iron. 

It has been previously stated that certain waters, 
some of the waters issuing from the Table Mountain series, ma.",,"., 
and Cape granite formations in the Cape Peninsula and 
granite along the Natal coast, show a tendency to deposit iron 
on standing, though perfectly clear when freshly drawn. 

Dealing with waters issuing from the Table Mountain 
was pointed out that this does not necessarily indicate a 
content and further, it had been observed that this 
appears to be conf1l1ed to slightly acid waters with a pH. of 7 or 
The probable reasons for this were discussed. 

The i1'on content of the majority of waters is well tinder o· 
Fe per 10 5, It is interesting to note the iron content of the" 
medicinal springs ", the analyses of which are shown in 
Survey Memoir 32 (70);-

Zwartkops, c.P .......... ,., , . , ' , . 
Toverwater Poort, C,P,""" , , .. , 
Balmoral., .. , , , " ' .. ,.,' " , , , .. . 
Caledon, c.P .... ,',., " , .... , ... , 
Inungi, Monnt Currie.,., ........ . 

MANGANESE. 

Parts Fe 
per ra 5• 

1'3 
0'3 
4. 8 
1'4 
S'3 

Manganese does not appear to be present in any waters 
in traces, 

The concentration of manganese in the 
Mountain series was discussed previously. 

XXV.-UTILISATION OF UNDERG-B-OUND WATER 
TECHNOLOGICAL, OTHER PURPOSES AND 

METHODS FOR IMPROVEMENT OF THE WA 
The utilisation of the S main types of water will be 

together with the corrective chemical treatments necessary to 
those waters suitable for various technological purposes. 

It h8s been shown that the underground water SU1~p:lle:;> 
Union fell under S main groups, as summarised in Table 27, 

(A) Highly Mineralised Chloride-Sulphate Wfl.T.B1'., • .", 

solids > rao part" per 105, Cl. > 27 per cent., 
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(E) Slightly Saline Chloride Coastal Waters.-Total solids> 30 
< 50 parts per 10 5, Cl. > 27 per cent., S04 > 3 per cent. 

(C) Tempora1'y Hard (Carbonate) Waters.-Total solids < 80 
parts per 10 5

• Total Hardness (as CaC0 3) > 70 per cent. 
Temporary Hardness> 67 per cent, (as CaC0 3), Per
manent Hardness < 7 per cent. (as CaC0 3), Cl. < 7 per 
cent. pH. > 7.6 per cent. 

(D) Alkaline Soda Carbonate Waters.-Total solids < roo parts 
per 10 5• Na2C03 or NaHC0 3 > 15 per cent. (as Na 2C0 3). 

Si02 sometimes > 12 per cent. Total Hardness> 30 per 
cent. (as CaC0 3). Permanent Hardness nil. 

(E) P~tre Waters.-Total solids < 15 parts per 10 5• pH. 
generally less than 7' o. 

It is proposed to take each of these water groups in turn and 
their adaptability for each of the following purposes :-

(I) Domestic Supply (General and Potable). 
(2) Agriculture (Irrigation and Watering of Livestock) . 
(3) Technological:-

. (a) Power Production. 
(b) Industrial use. 

DOMESTIC SUPPLY. 

It is assumed that the waters under study are uncontaminated 
sewerage and bacteriologically pure. Each of the groups will be 
. in turn. 

(i) Group A,-Highly Mineralised Chloride-Sulphate Waters. 
It is difficult to lay down a hard and fast rule regarding the 
of "alinity for potable waters. Obviously much depends on the 

of ions, e.g. whether magnesium and sodium sulphates 
salts), nitrates and fluorides, are present in excess/ Other 

have also to be considered, e.g. humidity and temperature of 
atmosphere. The higher the temperature and lower the humidity, 
greater will be the quantity of water drunk. 
Investigations are being carried out at Onderstepoort Veterinary 

Laboratory (Steyn and Reinach, 79) regarding the effect on 
beings and stock of the continued inge;;tion of highly saline 

, Steyn and Reinach do not set a definite limit to the degree 
salinity of drinking water, but appear to agree (79, p. 220) with 

authorities in England and the U.S.A. that the extreme limit 
salinity of drinking water for human consumption should be 57 

total salts per lOG ('057 per cent. salt~), much depending on the 
of ions. 

ap'pears to the author, however, that this limit is far too low. 
i''''"'l)lleU, it would mean that a very large number of borehole waters 

Union. would be condemned as being too brack. Certainly all 
waters in this Gronp A would be condemned. 
However, all authorities are not agreed on this point, and much 

limits have been suggested, even when a large proportion of 
salts are the sulphates and chlorides of sodium and magnesium. 
author therefore suggests that a salinity of 150 parts total solids 
lOG be regarded as the upper limit of salinity for human con-
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Taking this figure of 150 parts per 10" as the maximum, 
be observed that many of the waters in this Group are 
too saline for human consumption, particularly some of the 
rising in the Cretaceous and Bokkeveld formations, and in 
granite of the North-West Cape and North-East Transvaal. 
many of the Old granite waters of the North-We~t 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 
ingested over a long period Steyn and Reinach, (79). There 
economic treatment, short of distillation which will render these 
waters fit for human consumption. 

In spite of this fact, such waters, supplemented by a 
quantity of rain water, form the sole drinking water supply of 
number of farmers and small town inhabitants of the Union. 

It is true that human beings develop a certain degree of 
to such waters. Newcomers to these districts are of course, lill.lll"',",l 

affected. Steyn and Reinach (79, p. 220) point out however 
after apparent tolerance has developed, men and animals 
a long period, exhibit the more chronic effects from 
highly mineralised waters; for example, retarded growth, st1:ll1tec 
decrease in productivity and depo.3ition of urinary calculi. 

Most of the waters of this group are far too hard for 
domestic use, and since they generally contain in addition, 
amounts of magnesium' chloride, are also particularly "",'rf\"," 
may cause rusting of pipes and hot water installations, as well 
Some of the less saline waters in this group could be 
putting them through a Base Exchange (Zeolite) softening 
it will be found that in the case of a good many of these 
cost of maintenance makes softening uneconomic. 

It has been previously mentioned that many of the 
villages in the Southern Cape Province, located on formatinn~' 
rise to highly saline waters, are fortunately able to obtain 
supplies from pure mountain streams arising in the Table 
series. However, this does not apply to many centres in the 
and in the North-Western Cape, which are dependent 
highly mineralised waters for domestic supply. 

(ii) Group B.-Slightly Saline Chloride Coastal Waters. 
These waters generally have a total solid content of 

parts per 10 S, and fluorides are absent or present in mere 
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 

composed almost entirely of Ca(HC0 3h and Mg(HC03)2 all 
in this group can be regarded as potable. For general UVlllvF 

some of the waters are not altogether suitable if untreated, 
only are they very hard, but the hardness is practically all 
leading to deposition of scale in hot water systems, or 
lines, due to the decomposition of the unstable 
Mg(HC0 3)2 with rise in temperature. However, most of LHC,"~', 
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 
(Na 2C0 3 or NaHC0 3) will tend to render the gastro-intestinal 
abnormally alkaline, thus leading to serious digestive and other 

and even to the causation of urinary calculi. It has 
been shown that Na2C0 3 is more harmful than NaHC03. However, 

· amounts of NaHC0 3 or NaC0 3 in this group of waters seldom 
24 parts per IQ5, and it is not considered likely that this 
of alkali will affect the suitability of the water for human 

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 

· rI.lULLL Health Authorities, i.e. more than I part F. per million, 
the continued ingestion of such water will give rise to severe 

of the teeth in children and perhaps to even more serious 
disease. Steyn, for example (53, p. 59) suggests that the 

V<t1'CHC.C 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. 

(78, pp. 6-I3) states that fluorides stimulates osteoblasts, 
dw:mg o:Ste-ph'lt' growths and calcification of muscles and describes 

at in the Pretoria district. 
· It has been pointed out that a very small amount of fluorine 

H",,'u5 water appears to be beneficial rather than otherwise. 
There is really no satisfactory treatment for the reJl10val of 

from drinking water, though several methods have been 
Klein, Adler and Lindsay (72) propose the use of tri-ca1cium 

1-'"".,,, and state that 1·8 grams of F. are removed per kilogram 
l-".d.l"lUlU phosphate. 
Van der Merwe (69 and 73) suggests the use of commercial super
f,,,,,.cc instead of CaAPO')2 as a defluorinizing agent and states 

I kilogram of superpho.,phate can remove 9-IO grams of F. 
This treatment apparently does result in a reduction in 

amount of fluorides, but as aforementioned, no treatment 
proved entirely satisfactory. 
The so,lution of the problem may lie in the recent discovery and 

of " organic zeolite" treatment (i.e. complete removal 
cations and anions by filtration through beds of synthetic resin,) . 

process is, however, as yet, not fully developed. It is discussed 

For general domestic use all the waters in this group are quite 
;fa,:to'ry, though cases have been observed of corrosion of pipe 

conveying NaHC0 3 waters, the corrosion being due to liberation 
excess CO2 even in the cold. 

(v) Group E.-Pure Waters. 
waters are all potable, but since they lack calcium they 

benefit from the addition of small amounts of lime. 
For general domestic use all the waters in this group, with the 

mt:lon of the dark coloured spring waters from the Table Mountain 
are very suitable. 
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As previously shown, the coffee coloured mountain "n,'me 
from the Table Mountain series is distinctly acid, pH. 
ow as 4' 5 being common. An ernormous amount of damage 

cau:;ed 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 CUILlCC:rlltoU. 

However the acidity of water from the Table Mountain 
easily be corrected by the addition of a small quantity of 
being taken to avoid excess of lime, which otherwise !WISHC 

scale in the pipe line. An even more efficient chemical to 
rusting of pipe lines is sodium hexametaph03phate 
pure waters only about o' 5 to 2 parts of this salt per W!H"Jll 

water is necessary for tbis purpose. Sodium silicate in 
is also used to protect pipe lines against corrosion by 
and does not affect the potability of the water in any 
organic colouring matter in the water can only be 
coagulation with AI2(SO)2 and alkali. 

AGRICULTURE, IRRIGATION AND WATERING OF LIVE 

From the point of view of irrigation, the injurious 
may be pre.;ent in water are, in order of toxicity-

Na2CO S CaClz 
MgClz NazSO. 
NaCI MgS04 

For watering livestock, Na2S04 and MgS0 4 in excess 
and NaCl in large excess, are to be avoided. 

(i) Group A.-Highly Mineralised Chloride-Sulphate W 
There appear, to be a divergence of opinion among 

authorities regarding limits of salts permissible in irriga,tlOn 
Much of course depends upon the nature of the soil, i.e. 
soil is light, sandy and well drained or of a heavy clayey 
nature, as well as the nature of the salts. 

The Bureau of Soils, D.S.A. (74) states that it is Un!3a!, 
a water having a concentration greater than about 250-300 
10 5 for irrigating land. Perkins (75) states that, 
highly charged with saline matter have sometimes been 
well drained soils, a combined total of 143 parts per 105 

chlorides of any type, together with the carbonates and 
sodium and magnesium, may be regarded as excessive. 

In view of the foregoing statements, it will be ob:,ery 
many of the waters in this group, more particularly the 
and Cretaceous waters and the granitic waters from the 
Cape, are quite unsuitable for irrigation uilless the soils are 
well drained. 

As in the case of human beings, the efiect of ,aline 
livestock depends on the quantity of water drunk daily, 
tration of salts in the water, and the nature and relative 
of 8alts present in rhe water. 

Certain species of animals are, however, more 
others to saline waters. Steyn and Reinach (79, pp. 1Q<)-:2:o.! 
out that the o.rder of susceptibility to saline water 
poultry and pigs, horses, cattle, sheep. 
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Sheep can tolerate far more saline water than any other domestIc 
Stock generally can tolerate far more saline water than human 
but there is disagreement among authorities as to the safe 

of ~alinity. Certain authorities suggest 1,500 parts per 105 

per cent.) as the upper limit. 
Steyn and Reinach (79, pp. 190-197) consider that concentration 

much lower than 1,000 parts per !O5 are harmful to livestock 
partake of it daily and over long periods. They mention several 

from the Kenhardt district . 
If we take 600 parts solids per 10 5 as the upper bnit, it will be 

that some of the waters in this group, particularly those 
the North-West Cape, are unsuitable for watering stock. The 

could, however, be used. 
As regards the fluorides that often occur in the saline waters of 

. Old granite in the North-West Cape, Steyn (53, p. 17) points out 
from all available information cattle and sheep are far less 

~qnHJ1,"' than human beings to fluorine, and that their drinking 
have to contain 4-6 parts F. per million before their teeth 

Therefore, provided that the3egranitic waten of the 
est Cape do not exceed the maximum limit in salinity, they 

be used for watering livestock, since fluorines are generally under 
per million. 

(ii) Group B.-Slightly Saline Chloride Coastal Waters. 
The concentration of injurious salts in the waters of this group 
so low that the waters are very suitable for irrigation and the 

of live,tock. 
(iii) Group C.-Temporary Hard (Carbonate) Waters. 

There are no injurious salts present in these waters, so that they 
be used with impunity for watering livestock and for irrigation. 

(iv) Group D.-Alkaline Soda Carbonate IVaters. 
Since N8 2S0 4 i, pre,ent in these waters only in exceedingly small 

, the only injurious compound is "black alkali" (Na 2CO S or 
3) which is highly injurious to vegetation when present in 
ble amount. 

Perk ins (76) states that few crops can tolerate 100 parts Na 2CO S 

aHCO s which is highly injurious to vegetation when present in 
. ble amount. 

Hilgard (75) states that few crops can tolerate 100 parts Na2COS 

5 in any type of soil while on heavy soils smaller amounts are 

Simpson (57, p. 145) states that upwards of 37 parts per 10 5 of 
are injurious to plant life. 
lUUL~ll in some waters of this group in the Union the percentage 

a 2C0 3 or NaHCOs is extremely high (more particularly in the 
Beaufort waters) the absolute amounts of alkali are generally 
35 parts per 10 5 (as Na2CO S)' so that the majority of the waters 
group could be used for irrigation provided the soil is not too 

prevalence of soda carbonate waters in the Union no doubt 
for the fact that so many of our soils are defiocculated, for apart 

injurious action on plant life, Na CO J has deflocculating action 
clay present in soils, with the possible formation of a hard 

beneath the surface of the soil which cannot be penetrated by 
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The waters of this group are suitable for watering 
though the high fluoride waters in the Red granite and 
rocks may have some effect on teeth of cattle, since the fluorine 
IS sometimes over 5 ports F. per 10 5. 

(v) Group E.-Pure Water Grou1). 
The waters belonging to thi~ group are all suitable 

of livestock and irrigation purposes. 

POWER PRODUCTION. 

Waters in connection with the power industry may be 
under the following heads :--.. 

(1) Cooling waters for the water jackets of oil engines, 
cooling systems of turbo-alternator plant. 

(2) "Make-up" for boiler feed water in steam 
water used for evaporators in boiler plant. 

(3) Water for steam locomotives. 

Cooling Waters. 
It is asmmed that the water used is redrculated and 

does not pass once only through the cooling sy:'tem. 
At the present time the majority of power plant" in the 

towns consist of oil engines. 
Water is used for cooling the cylinders. Though 

appreciable rise in temperature of the cooling water in 
the maximum temperature under normal operating C-Vjl1U.L<lCW 

not exceed 1800 F. 
A certain amount of concentration of the water takes 

the spray ponds into which the cooling water passes, but 
concentration is never excessive under normal conditions 
" make up" seldom exceeds 10 per cent. 

There is even less rise in temperature in the cooling 
the condensing system of turbo-generator steam plant, the 
temperature under normal operating conditions being in 
bourhood of IIOO F. The rate at which concentration takes 
spray ponds or cooling towers through which the water mtss,"" 

course, dependent on temperature, humidity and . 
but is small compared with the rate of concentration 
place in steam boilers. The" make up" to the (ooling 
not generally exceed 10 per cent. 

Therefore in the cooling water systems of both oil en!~in; 
steam plant, the concentration factor is small compared 
boiler waters, while the temperature of the cooling water 
well below boiling point. 

In spite of this fact, scale problems are common in 
of plant. Scale in the water jacketc of oil engines can be 
matter since it often results in a cracked cylinder head. 

In steam condensers the heaviest deposition occurs at 
of highest heat exchange, i.e. the upper banks of tubes in 
pa,s. The effect of an accumulation of scale in the first 
condenser is to reduce the rate of transfer between c-v.l1U.V"''c~ 
cooling water, this increases the rate of deposition of 
result is a lowering of vacuum and condenser efficiency, 
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The author carried out the following investigation into the 
of the scale formed in the cooling water sy~tem of both oil 
and steam plant in the Union. Samples of scale found on 
heads of oil engines and in the condenser tubes of steam 
analysed. Samples of the raw water used for cooling were also 
the results being expressed as a percentage of total salts 
that comparison could be made with the scales. The 
shown in Table 28 and are velY ."triking. 

None of the waters used for cooling purposes were treate:d.i! 
way. As will be observed from Table 28, several different 
waters were used. 
Case r.-Graa.ff Reinet, C.P. 

The water used was of a very h,ud, somewhat saline type 
CaO: MgO ratio of I: 0'74. The scale in the cooling system 
of 78. 5 per cent. CaCOs with only 5' 4 per cent. MgC03, the 
consisting of rust from corrosion of the metal. (CaO: MgO 
the scale is I: 0 '06.) 
Case 2.-Brandfort, O.F.S. (condenser tubes). 

(For complete analysis of water see 235, Table 22). 
This borehole water wa, of the soda carbonate type; the 

was therefore all temporary. NazSO 4 was appreciable. The 
ratio was I : I' 3. The scale comisted of 89 per cent. CaC03 
6'3 MgCOs with but a trace of sulphate. (CaO: MgO in 
is I; 0'06.) 
Case 3.--Ladybrand, O.F.S. (condenser tubes). 

(For complete analysis of water see No. 35, Table 24). 
This borehole water was also of the soda carbonate 

sulphates were absent. CaO: MgO I : 0 . 22. The scale <';UJ.101: 

95 per cent. CaC0 3 with only 4 per cent. MgC0 3• (CaO: MgO 

Case 4.-Lichtenburg, Transvaal (oil engine). 
(For complete analysis of water see No. 36, Table 10). 
This spring water was of the carbonate type C and 

mainly of Mg(HCOs)2 and Ca(HC0 3lz. Ratio CaO: MgO 
CaS0 4 was present in ~mall amount. The scale consisted 
per cent. CaC0 3 and 4-' 3 per cent. MgCOs, (CaO: MgO in 
1:0'04·) 
Case 5.---Winburg, O.F.S. (oil engine). 

(For complete analysis of water see No. 54-6, Table 
This water was of a very hard type, with an aP1Pre.cia.bl€ 

content (i.e. Permanent Hardness present). CaO; 
The scale consisted of 86· 0 per cent. CaCOs with only 5' 
while CaS0 4 was only a trace. (Ratio CaO : MgO in the scale 

Two facts emerge from this investigation :-
(I) Whatever the nature of the water, scale, if tM'nwrl' 

consists almost entirely of Cae0 3 with but a 
amount of MgCOs. Calcium sulphate, calcium 
other compounds often present in boiler scales, 
absent or in traces only. 

(2) There is always a partial, sometimes almost 
elimination of magnesium. This being due to 
not only is Mg(HCOs)2 slightly more stable than 
but MgCOs is more soluble than CaC0 3, so 
deposition does not occur to the same extent. 
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It is known that the stability of the bicarbonates can be broken 
by mechanical agitation and a rise in temperature, resulting 
loss of some CO2, and both factors operate in cooling water 

follows therefore that the waters in which the proportion of 
'.\~~~~sh and l'vIg(HCOsh are high, i.e. high temporary hardness 
mrnnle the Dolomite waters), are more prone to give rise to scale 

systems than waters in which the temporary hardness is 
hardnes8 is mainly permanent (i.e. due to the nitrates, 

N"~"V and sulphate, of calcium and magne~ium.) 
It is proposed to consider the suiiclbility of each group of waters 

cooling waters in the light of these facts. 
(i) Group A.-Highly Mineralised Chloride-sulphate Waters. 

In these the temporary hardness is low as compared with the 
hardnes8, and in view of this fact they are generally 

"d]."1'6, quite O'uitable for use in the condensing system" of steam 
and thi~ applies to a les:: extent to uce as cooling water in oil 
jackets, provided, of course, that undue concentmtions is 

However, in some of the more mineralised waters of thi~ group 
the granitic waters of the North-West Cape and North-Eastern 

, the concentration of temporary hardne~s compounds 
2 and IvIg(HCO a)2, though very low in comparison with the 

hardness salts, may be found to be sufiiciently high to 
to scale troubles in oil engines. 
In the case of these waters base exchange (zeolite) treatment of 

" make up "water of the cooling systems is generally uneconomical 
of the high concentration of Ca and lVIg salts other than 

'Tu'''S)2 and Ca(HCOah 

(ii) Group B.-Slightly Saline Chloride Waters. 
concentration of alJ salts in these waters is very low as 

:,.",M,·Pr! with the previous group. Furthermore, the permanent 
compounds are relatively high as compared with the tem

hardness forming compound~ [Ca(HCOS)2 and Mg(HCOS)2]' It 
therefore that these waters are suitable without treatment for 

cooling systems of both types of power plant. 

(iii) Group C.-Temporary Hard (Carbonate) Waters. 
Though the concentrations of these waters are generally not very 

(except for the dolomitic waters in the Kaap Plateau) the 
iSOJlVeCl compounds consist almost entirely of Ca(HCOS)2 and 
(BCe), 2' Hence these waters, if untreated, will invariably give 

to serious scale troubles in the cooling water systems of both 
of power plants. However, these carbonate waters are parti

suited for base exchange (zeolite) treatment. It is true that 
(HCO a)2 and l'vIg(HCO a)2 are converted by this process into 
a thus resulting in a highly alkaline water, but this does not 
at all in cooling water sytems, however undesirable it might 

boiler feed water" make up ". Therefore base exchange treatment 
other form of treatment is absolutely essential before they 

be used for cooling purposes. 
Sodium hexametaphosphate (calgon) treatment of the" make up " 

po,sibly be substituted for ba~e exchange treatment, but in 
cases the initial concentration. of Ca(HCO a)2 and lVIg(HCOa)2 is 

high. This will be discussed hereafter. 
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(iv) Group D.··-AlhaLille Soda Cm'bonate Waters. 

Since these are similar to the waters of the preceding 
except that there is an excess of Na 2C0 3 or NaHC03 , the same 
apply as regards suitability for cooling. The 
Ca(HC03). and Mg(HC(\lz are, however, very much less than 
carbonate waters and treatment may not always be necessary 
exchange treatment of the "make up" to the cooling W~lt~N 
be .used, but treatment with sodium hexametaphosphate will 
to be simpler and require no capital outlay for treatment 

In a paper in 1938, the author (80, p. 87) suggested the 
sodium hexametaphosphate for treating circulating waters 
den sing systems of steam plant by virtue of the fact that 
[or more correctly Na.(Na 4Pa0 1S)] has the unique property of 
up calcium and magnesium in solution in a soluble couplex 
to fairly high concentrations, provided the boiling point is not 

This Na(P03)a treatment of cooling waters has since been 
and expanded into the so called" Threshold Treatment", viz. : 
and Rice (8r) and Rice and Partridge (82) in I939. 

The addition of only a very small dose of sodium !lCO.M'UCO·'.

plmte (1-5 parts per million) to the cooling water will prevent 
tation of CaC0 3 even on the threshold of crystallisation, 
term "Thre~hold Treatment". 

It should be pointed out here Hut the Threshold TrE~atrll-! 
entirely distinct in principle from the treatment of boiler feed 
with Na(P0 3) 6' (Calgon). 

The Threshold Treatment of cooling waters can be 
even the highly alkaline waters such a, are found in this group 
the initial Ca(HC0 3h and Mg(HC0 3)2 content is not too high. 

The concentration of temporary hardness compounds 
circulating water in this treatment should not exceed 30 
CaC0 3) per 10" and must be controlled by systematic blow 

For some years the author has been recommending the 
of N a(PO J 6 to certain types of cooling waters in this ,-,uu"" 
the results np to date, have been satidactory but more 
with condenser circulating water. Incidentally it may be 
this Threshold Treatment is not satisfactory 01' economical in 
of the highly mineralised waters of Croup A on account of the 
concentration of calcium and magnesium. 

(v) Group E.-Pttre Waters. 

These waters in view of the exceedingly low 
salt~ are suitable, without treatment, for the circulating 
condenser systems of ste8m plant. 

Even the spring waters from the Table Mountain cpr·,p~ ; 

have a low pH. due, as already stated, mainly to organic 
acids, should not corrode the brass condenser tubing, and· 
certainly not lead to any scale. 

This water would however tend to rust the cast iron or 
cylinders ih the water jal kets of oil engines. The slight "nUl" 

be corrected with lime,care being talwn to prevent an excess 
which would result in scalE". 
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Feed Water. , 

During recent year~ the tendency has been to instal evaporator 
to provide for steam lossep in turbo-alternator plants rather 

to utilise treated surface or borehole water as " make up " water 
feed. 

Nevertheless, as far as the Union is concerned, in large numbers 
tor plants, treated surface or borehole water is still 

as "make up" water. 
We are not concerned here with surface water, whiCh usually 

a preliminary clarification treatment with aluminium sulphate 
mixture of· aluminium sulphate and sodium aluminate [Bond 

63-64J· 
i~ assumed here that the borehole or spring water is free from 

)enlded matter. 
Changes in modem boiler design have all been in the direction of 

higher temperatures, higher ratings and larger units, 
the problems of scale, corrosion and priming are becoming 

important and consequently our standards regarding 
water supplies for make up purposes have been radically 

during the past fifteen years. 
It is beyond the scope of this treatise to go fully into the highly 

CH""~<;U. subject of boiler feed water treatment and conditioning, 
it is proposed to take each group of waters in turn, discuss their 

for boiler feed make up purposes and suggest possible 
rec:th'e chemical treatment. 

(i) Group A.-Highly Mineralised Chloride-Sulphate Waters. 
These waters are potentially corrosive as well as ,cale-forming, 

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 
even in these cases where the make up is as low as 3-5 per 

this chloride will concentrate in the boilers and result in 
'1>O'"""P primary and other troubles. 

The concentration of chlorides in the boiler can be controlled to 
. extent, by " blow down", but naturally there is an economic 

to the amount of blow down. 
In the ca,e of many of the waters in this group, the initial chloride 

lcentI'ation is far too high, and the only remedy is to instal evaporator 
in order to provide distilled water as make up for boiler feed. 
of the highly saline waters in this group would soon scale-up 

'n()r~t'()r plant, but scale in evaporator plant. is not as serious as 
plant, and is more easily removed, and in any case the water 

be treated before being evaporated. 
Some of the less saline waters in this group are used as boiler 
make up in many of the smaller Karroo towns, but even after 

llVJ,Gl.Le and expensive chemical treatment the results are far from 
stactc)rv. In any ca8e the chloride content nece,sitates an enormous 

blow down. . 
The appropriate chemical treatment for these less saline waters 

••. preliminary softening with lime and soda ash followed by filtration 
then conditioning with 8mall amounts of phosphates or phos

'La.HH"'.'" in order to remove all the residual hardnefs left after the 
"-~UUd. softening. The phosphate to be used should depend on the 

alkalinities. The following are commonly used: trisodium 
t~.fJ'llGl.te, sodium hexametaphosphate or sodium tetraphosphate. 
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In the case of " dosed feed" systems the water is SOlnetmle 
conditioned with sodium sulphite to remove re<idual oxygen 
supply the sodium sulphate concentration deemed 
certain alkalinities. as an inhibitor against so called" caustic 
ment ". The" conditioning" of treated feed water with 
and sodium sulphite has been discussed by the author in three 
publications Bond, (80, 84 and 86). 

The" base exchange" or zeolite treatment might be used 
preliminary treatment of these waters instead of the ll'mE~-SC)a3 
ment, since in. these waters the permanent hardness is g-enlera 
greater than the bicarbonate water, but this base exchange 
though yielding zero hard water, does not result in a 
total solids, and leaves the water with a high concentration 

At thi, point it may be stated that the author is ICV!;1l1' 
the recent sensational developments in the" exchange" L''''''LU' 

water. 
The development of synthetic redns which exhibit 

absorbent properties has opened up a new field of diJiJWJd.LW 

promised unique uses in the purification of water. 
is possible to start off with the most saline of the waters in 
and by means of a hydrogen zeolite process to end up with 
virtually distilled water, but in actual practice the pn)ce:cs,' 
results in the total elimination of both cations and anions, is 
for certain waters under existing conditions in the Union. 
badc exchange or zeolite treatment Ca and Mg were "h'JHa." 

an equivalent amount of Na. In the recent development 
present in the waters are replaced by hydrogen. Briefly 
may be summarised thus :-

(x) Ca(HC03)2 + H2Z = 2H2C03 + Ca "I 
Mg Mg rZ 
N~ Na2J 

(2) Ca(SO 4) + H 2Z = H 2SO 1 + Ca "I (H2Z is the 
Mg Mg r Z ion excmUlt5i 
Na2 Na2 j material). 

(3) Ca Cl2 + H 2Z . 2HC. + Ca "I 
Mg MgrZ 
Na2 Naj 

The exchange material is regenerated with H 2S0 4• The 
is the removal of free acids, by passing through beds of acid 
material, thus leaving what is virtually distilled water. 
latter stage of the process which still has to be worked 
factorily. 

CO2 produced, as in equation (r) can be removed very 
degasifier, hence the process would be particularly suitable for 
waters. This fact will be discussed later. 

The main objection to this process, at the present LW"V, 

to be the high initial cost of the equipment and the 
deterioration of the organic substances employed. This 
would apply more particularly to the treatment of the ~""llU". 
water found in the Union. 

In conclusion it is repeated that the only satis:Eactory: 
dealing with this group Ot waters is by the installation of 
plant. 
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(ii) Group B.-Slightly Saline Chloride Waters. 

These waters are potentially corrosive since they generally contain 
~gne,;1Um chloride. The salts in these waters do not usually exceed 

parts per 105, but chlorides are relatively high in relation to other 
so that these waters are not suitable for high pressure boiler 
with their high steaming rates, for the concentration of chloride 
soon become appreciable, necessitating very frequent blow-down 

when the make up is only 3 per cent. After appropriate treatment 
waters could be used as "make up" for boilers operating up 

250 10. per sq. ins. provided the make up does not exceed 5 per cent. 
hardness is greater than the permanent hardness and 

uently these waters are not altogether suited for base exchange 

The appropriate treatment would be a preliminary softening with 
and soda followed by conditioning of the filtered water with small 

ts of phosphate, sodium sulphite, and so on. 

(iii) Group C.-Temporary Hard (Carbonate) Waters. 

These waters contain only Ca(HCOS)2 and Mg(HCO s) 2 and are 
potentially scale forming. The hardness, being temporary, is 

removed, and since chlorides are negligible these waters are 
suitable for boiler feed make up. The appropriate treatment is 

,- ,,---,- softening with lime and a little soda followed by condi-
phosphate. In this case the alkalinity, after lime 

is generally high, so that the acid sodium hexameta
would be preferable to the tri- or di-sodium phosphate. 

the preliminary cold lime-soda softening does not reduce the 
.rdne,;s much below 5 parts CaC03 per lO5, it is advisable to add a 

amount of sodium aluminate along with the lime and soda. 
results in a much lower residual hardness, a more rapid 

of floc, part removal of silica, and prevents the "after 
" of MgCOs' As the author has pointed out in previous 

Bond, (80, p. 75, and 84, pp. 3-4) it is necessary that 
aglles!UID compounds be present in appreciable quantities in the raw 

for sodium aluminate to be effective. 
The waters from the basic zones of the Bushveld Igneous Complex 
peculier difficulties, inasmuch· as the water contains practically 
Mg(HC0 3h with a very high silica content. These waters can 

wP'<Tpr, be satisfactorily softened and the silica largely eliminated 
the addition of larger amounts of sodium aluminate in the 

softening than are normally used. 
A base exchange softening is often erroneously applied to these 

This may result in a zero hard water, but the Mg(HCOS)2 
Ca(HC0 3)2 are merely exchanged for an equivalent amount of 

,u,-,v. and the total soluble salts are not reduced. In the boiler 
is decomposed into NaOH and the corrosive CO2 gas. 

alkalinity are to be avoided in boiler water. Of course, base 
;Ualrtge treatment could be combined with an after treatment with 

convert the NaHC0 3 into Na2S0 4 but this is not altogether 
'lsfac1:or,y since the total salt content in the water is not reduced 

way. A very effective treatment would be by means of the 
lr(),ypn zeolite referred to previomly. This will be discussed under 

soda carbonate waters. 
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(iv) Group D.-Alkaline Soda 
These waters contain a certain amount of 

Mg(HCOS)2 and are therefore potentially scale-forming. The 
difficulty is in regard to the high soda and eilica content of 
waters. 

It is essential to reduce the NaHC0 3 or Na2C0 3 content 
are decomposed in the boiler into NaOH and CO2, The Na.VHCC 
concentrates and leads to foaming. Since" antifoam " 
containing castor oil or other oils, are not suitable for use in 
medium pressure boiler plant, it follows that excessible 
would be required to control foaming. 

The CO2 evolved will contaminate the steam, corrode sU~)erll~ 
and aggravate corrosion of turbine blades. It reappears dl~;soJIV 
the condensate, rendering it corrosive. Apart from foaming, 
also the problem of the so called caustic embrittlement in 
steam boiler drums. This embrittlement is supposed to be 
by maintaining a certain ratio of Na 2SO. to NaOH, but the 
has expressed his doubts, in previous publications Bond (84, 
85, pp. 75-76, and 80, pp. 76-77) as to the effectiveness 
remedy. 

At one time the usual method with soda carbonate waters 
treatment with CaSO. followed by lime treatment. This 
simple but far from efficacious, owing to the insolubility of 
The CaS0 4 wa" added in an attempt to convert Na 2C0 3 and 
into CaC03 • The author has suggested the following 
these waters. Lime plus ~oda aluminate, treatment to 
the temporary hardness and silica, filtration, and then co:nd:l~ 
with phosphoric acid to reduce the alkalinity (H2S0 4 could 
but a certain amount of CaS04 will be formed). This 
acid treatment is effective, as it results in a water of 
zero hardness and with a considerably reduced alkalinity. 
also prevent the formation of a silica scale. It is, however, 
with some of the more highly alkaline waters in thi8 group. 

It must be emphasised, however, that, in the above 
one is merely replacing Na 2COg or NaHC0 3 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 proces~ 
to in a previous page appears to be the ideal treatment 
alkaline waters for, as shown in equation (r), all the cations are 
and the net result is a water containing little else than 
CO 2 is easily removed in a degasifier, and all that would 
necessary is to add a small amount of N a 3PO 4 to the water 
the pH. However, as far as the author is aware, this pn)ce:8S, 
yet been applied in the Union. 

(v) Group E.-Pure Waters. 
With the exception of epring waters from the Table 

series, these waters only require the addition of a small 
alkali to elevate the pH. of the water to inhibit corrosion. 
with sodium filicate is not recommended when the water 
boiler feed purposes, if the water contains calcium. 
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the case of the dark coloured acid waters from the Table 

Ul1LQ..H series in the Cape Province, it is desirable to add a very small 
of lime to neutralise the acidity and precipitate the organic 
followed by filtration and then a conditioning with a minute 
of phosphate to eliminate the residual hardness due to any 

of lime. . 
The relatively high chloride content of the waters ariving in the 

Mountain series necessitates far more blow. down than would 
case with other waters of this group. 

Feed Water for Locomotive Boilers. 
Suitability of the various types for use as locomotive feed water 
now be discnssed. 
Locomotive boilers have to work under. very different conditions 

those existing in the ~tationary steam plant in power stations. 
To begin with no return condensate is available, the whole of the 

having to be obtained from natural resources. 
In addition treated water from many different sources, different 

in composition, often gets mixed in a locomotive boiler. 
in comparison with the feed water in a closed feed 

of a modern stationary steam boiler plant, the water is far more 
The pressures, are however, much lower. 

The water capacity of the large locomotive boilers used in this 
is about 3,000 gallons, and in a round trip of 400-500 miles, 

will evaporate about 30,000 gallons. Thus the salts will have 
concentrated ten times. It may be pointed out that a very 
higher concentration of solids is allowed in a locomotive boiler 

in a stationary boiler, for concentrations up to I,OOO parts per 
can be permitted under certain circumstances in the former boilers, 

300 parts would be regarded as excessive in stationary boiler 
of 250 ID. pressure or over. 

Owing to this concentration factor, priming and foaming are more 
problems in locomotive feed water practive than in stationary 

steam plant. 
The quantity of water blown off under operating conditions will 

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 

The treatment given to locomotive feed water does not differ 
""'.LW,UY from modern practive in power stations, and it i8 therefore 

necesO'ary to go into thi, question in detail. I t is sufficient to 
that there should be a preliminary softening with lime soda and 

sodium aluminate followed by filtration, or a base exchange 
!telaer may be used if the permanent hardnes~ is much greater 

the temporary hardness. 
A zero-hard boiler water is aimed at in the higher pressure boilers 

stationary boiler plant, but a boiler water hardnes, of 2-3 parts 
3 per 105 is usually deemed satisfactory in locomotive practice. 

Phosphate-tannin boiler compounds are added in small quantities 
the softened feed water, as internal conditioners. It is preferable 

the phosphate should be the hexametaphosphate or the tetra
since the use of di- and tri-sodium phosphate may lead 

deposition of phosphatic sludge in the injectors and feed pipes. 
,1'",tro or metaphosphate be used, then deposition ·of the soft phos- . 

sludge is delayed until the high alkalinity and temperature 
"'U""JH~ of the boiler are reached. 
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'Minute quantities ,of " antifoam " compounds such as 
are often added to inhibit foaming, but naturally there are 
to their use. 

Both the pure water Group E and the slightly saline w~Jp.l·,1 
B are very mitable, after appropriate treatment, for loccmoti 
feed. 

The temporary hard waters Group C, are suitable for 
boiler feed if efficiently treated, but it is essential that the 
with lime, soda and sodium aluminate be satisfactory, 
trouble will occur in the injectors which heat up the feed 
about 150 0 F. In the injectors lo,s of CO2 take~ place resulting 
deposition of CaC03 (and to a much lesser extent, of MgC0 3) 

may lead to scaling up of the injector cones, thus causing 
trouble and delay. The cilica which, as hac been shown, is 
in appreciable amount in the magnesium bicarbonate waters 
basic zones of the Igneous Complex will came 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(HC03)2 and 
present can be eliminated by efficient lime-soda-sodium 
treatment but the high Na2C0 3 or NaHC03 content, as 
usually high silica content, constitute a problem. The 
NaHC0 3 are converted in the boiler into NaOH and this 
concentrate and cause excessive foaming, apart from the 
caustic embrittlement. Furthermore, highly alkaline wa 
to corrode the copper stays and other copper parts of the 
of locomotive boilers. The addition of an anti-foam C01UpOUJ 

very frequent blowing down will inhibit foaming to a "p'rt~in 
but naturally there is a limit to these palliative measures. 
phosphates will inhibit scale to a certain extent. 
with gypsum (CaS0 4) will bring down the soda aUmli.nit:y, 
has already been stated, this process is not very el1.lG<tG"'JU.,:' 

Some of the waters of the highly mineralised . 
Group A are far too saline for use as locomotive feed water 
use will lead to excessive priming. Some of the less . 
could be used after lime-soda or zeolite softening, 
addition of a suitable "phosphate-tannin" conditioner and 
foam compound. It is difficult to generalise with 
concentration of total solids at which . may be 
take place in a locomotive boiler, for is delJerlO~ 
number of factors, namely, the design of the 10corrLOtive 
load factor, the gradient of the line, the presence or 
suspended matter, the nature and concentration of the salts 
water, and the presence or absence of an "anti-foam" 
At concentrations of above 300 parts per I0 5, particularly 
alkaline water (and all softened water will be alkaline) 
foaming may take place, but by the use of an anti-foam 
a concentration ofa3 much as 700 parts may be reached 
. priming or foaming occurs. 

Generally speaking, the use of a borehole water 
parts total solids is uneconomical, for even when an anl:1-11 
pound is present the boiler solids have to be kept down 
parts per I0 5 with the result that the amount of blow 
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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 

INDUSTRIAL USES. 

There is hardly any industry or prospective industry in the Union 
the quality of the water is not of paramount importance. 

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 
CaCOa 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 is extremely deleterious for wool washing. It has 
been stated that water from the Table Mountain series and 
other waters in Groups Band 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. 

(ii) 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 shonld not be too saline or 
too hard. 

(iii) Yeast Manufacture. 
There do not appear to be many limitation" 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 in,oluble calcium and magnesium 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 Band E Group would 
be very satisfactory. 

(v) Textile Industry. 
In the cleaning process, the detergent will combine with 

calcium and precipitate insoluble soaps that will adhere to the 
fibre of the fabric. 

In the dyeing procesO', as pure -a water as possible should 
be used since the presence of calcium and magnesium salts 
cause unevennes" of colour deposition. Iron causes rust stains 
and is thus particularly deleterious. The pure water Group E 
is suitable provided iron be allowed to settle out before use, 
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but the org<J.nic· colouring matter in waters issuing 
Table Mountainferies would render them unsuitable 
decolourised. • The waters of Groups C and D would 
to be softened to eliminate as far as possible ca:lcillnl 
magnesium bicarbonates which would otherwise pnoclpit:a; 
the fibres. 
(vi) Brewing Industry. 

The quality of the water used for brewing is 
as affecting the product. A very pure water is not 
as suitable. The water should contain a moderate 
CaS0 4, with a small amount of NaCl. Saline waters anq 
containing appreciable bicarbonates of calcium and ""',15'" 
such as Groups C and D, are undesirable, as are also 
contain even small amounts of iron. The pure water 
could be adjusted, if necessary, with CaS0 4, etc., but 
matter should be ab~ent, hence dark coloured waters 
Table Mountain serieo are unsuitable. Group B waters 
be suitable. 
(vii) Tannhtg Industry. 

Tannin precipitates calcium, magnesium 
leaching vats, resulting in the loss of tannin. In 
forms dark coloured precipitates with tannin, thus 
to discoloured leather. Waters containing sodium 
and bicarbonate, cause precipitation of lime in the" 
process and are to be avoided; likewise those containing 
matter; such as the waters in the Table Mountain 
Therefore Group E waters, with the exception of 
of the Table Mountain series are very suitable. Group 
would first have to be softened to remove the . 
calcium and magnesium, but Group D contain too 
alkalinity and are to be avoided. 

The slightly sq,line Group B would be quite 
(viii) Paper and Pulp Industry. 

Paper manufacture requires a fairly pure water. 
Manganese, iron and organic colouring matters 

absent, hence the dark coloured spring waters ari!,in!~, 
Table Mountain series are not suitable as they wcmlU 
" rust stain" the paper. The other waters in Group 
be satisfactory provided the small amount of iron be 
to settle out·before use. Some of the waters in Group 
be satisfactory, but waters of the Group C and D 
first have to be softened. Naturally highly saline wa1ter$ 
have to be avoided. 
(ix) Cotton Wool Manufacture. 

If the water contains appreciable calcium and 
bicarbonates the insoluble carbonates would deposit 
cotton fibres during the " kiering process" and these 
are very difficult to remove by subsequent washing. 
Group C and D waters would first have to be softened. 
Band E would be, in most cases, satisfactory 
untreated. 
(x) Water and Concrete. 

Water used for concrete mixing should conform 
standards. 
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Firstly, the water should be non-acidic, but this refers to 
mineral acids,. i.e. acid mine waters. Hence the slightly acid 
but otherwise pure waters from the Table 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 high concentration 
of organic matter, since it has been shown from the work of 
Grfm (92, p. 498) and others that concentration of I per cerit . 
or over (based on weight of mix) almost completely inhibit 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 ,I5, the organic content 
of these waters seldom exceeds 3 parts per I0 5 ('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 objectionable quantities of certain 
salts, although no fixed limits are set. 

It is known from the investigations of Dorsch (9I), Grlin 
(92), lea and Desch (90, p. 190-19I) and others that the chloride's 
of (alcium and magnesium, and the carbonates and bicarbonates 

. of sodium in appreciable amount (I per cent. or over) lead 
,either to a retardation or acceleration of set. Abrams (93) 
hasohown that the use of sulphate water in concrete mix 
produces little ill effect until a concentration of I per cent. 
SO 4 is reached, when a IO per cent. reduction in strength of 
the concrete reoults. 

However, the (oncentration of these mIts in bore-hole Or 
spring waters in the Unicn, with the pOfsible exception 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 storage 
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 this have occurred recently 
in the Union. 

It, has also been found that continued exposure to water 
containing more than lOO parts per I05 of the sulphates of 
calcium, 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 

has been made of the underground water supplies of the 
of South Africa. 
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It has been shown that each geological formation 

• characteristic salts to the percolating waters. Certain 
give rise to waters having very striking chemkal chanLct,eri:,ti( 

A chemical classification has been made of the various 
'. ground water encountered in the Union, and it has been shc)wi 
these waters fall naturally within five groups, though there is a 
amount of overlapping. 

A water map has been compiled to illustrate the distril)ut 
these various types of ground waters in the Union of South 

The utilisation of these types for various purposes 
fully discussed,but more particularly with regard to Utll!S~LtH>n; 
power industry. 

The corrective chemical treatment necessary to render 
these types of water suitable for various technological uses 
been discussed. 

The concentration of certain elements in the natural 
the Union, and any significance attaching thereto, has 
discussed and comparisons have been made with underground 
of other countries. 

It has also been shown that though it is exceedingly 
and dangerous to generalise on the relation between the cornp( 
of ground water and the geological hi8tory of the formation 
it arises, nevertheless a study of the composition of the 
occasionally throw light on certain problems connected with 
of a particular formation, e.g. whether it was laid down in 
or in fesh water. 

. The, relation between underground water and surface 
(calcareous tufa) deposits have also been discussed and r.ArtalllI 

tions drawn regarding the origin of these deposits. 
The origin of the salts in the concentrated soda 

soda caldera near Pretoria and in the brine in the 
has been discussed and it has been shown that theoe 
differ b8,8ically from the usual ground waters of the gec)loEm 
mations in which they occur. 

The effect of climatic conditions on the 
underground water is discussed and it has been shown 
climatological factors play a very important part, the ten.dell~ 
exaggerate their importance. 

In conclusion, the fact must be emphasised that a 
portion of the Union of South Africa is without supplies 
water. while perennial streams are few. Hence a chemical 
the underground water supplies of the Union appears to be 
of no little importance. 

Investigations are being carried out by the Union De,pafl 
Public Health into the incidence of dental fluorosis and 
while at Onderstepoort Veterinary Research Laboratory in 
are being made regarding the effect of the continued ingestion 
saline and hard waters on livestock. It is hoped that this 
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 author 
barely able to touch on the essentials of the subject, and ""U"'J. 

remain to be 801ved. 
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