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l. 

INTRODUCTION. 

Thia account is of work started under Dr.A.L. 

du To1t 1n the Irrigation Department during the years 

1921-1925 who published a 111mmary ot results obtained up to 

that, time 1n the Transactions ot the Minutes ot P-rooeedings 

of the South Atr1can Society of Civil Engineers 1n 1928. 

On returning trom a period of 5 years spent 1n South West 

Atrioa where attention was also given to underground water 

problems 1t waa tound that a mass of data had accumulated 

and this bas continued to accumulate. 

This work has been tabulated and analysed up to 

the latter part, ot 1935 and ao 1t 1s possible to presen\ 

the results obtained trom 20,000 boreholes sunk by the 

Union Irrigation Departmen~s Boring Branoh, 1,500 boreholes 

sunk by the Old Cape Government and several thousand 

results communicated by private drilling contractors. With 

this mass of information it has been possible to study the 

various aspects of this problem 1n greated detail than has 

been done before, and many new tacts have emerged as the 

result. 

During the course ot the time spent wit,h the 

Irrigation Department and later the Geological. Survey many 

of the sites of the boreholes have been visited and the 

rook formations through wh1oh they extend determined, from 

others samples have been received and determined 1n the 

Geological survey. It is realised that the data from 

boreholes not visited may contain inaccuracies, but it is 

believed that the information given is essentially reliable 

and the generalizations regarding the water-bearing 

properties and the prospects of the different formations 

are sound. 

The/ ••• 
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The analysis and tabulations of the results have 

all been done by the writer and most ot the card indexing 

as well. Latterly assistance with the clerical work was 

obtained trom the Native Attairs Department and from the 

Librarian of the Geological SurYey. 

Thanks are due to Dr.A.L.du Toit for advice and 

criticism and Mr.A.D.Lewis, Director ot Irrigation tor 

permission to use the boring records. 

RESULTS. 

The results dating as they do from 1900-1935 

are representative ot both dry and rainy seasons. It is 

known that the water levels rise after rains and tall after 

droughts ad the following figures will show. (F1ga.2,3 & 4.) 

These results are representative ot both conditions. 

In oarlier drilling operations advantage was 

taken ot the more advantageously placed situations and thus 

it would be expected that the earlier results would be muoh 

better, but it has been found that generally there is 

practically no idt:ferenoe e.g. the Crystalline Rocks in the 

Pietersburg District. 

1909 - a:921 
1921 - 1925 
1925 - 1930 

Average yield per borehole 

20,700 gallons per diem. 
20,800 " " " 
20,100 " " " 

This is the same for other formations 1n other parts as well 

though differences are sometimes somewhat greater. 

GENERAL. 

The geological structure undoubtedly plays a 

major part in controlling the occurrence ot the underground 

water. Folding and faulting together with upl1tt and 

erosion have brought to the surface the large area ot the 

Crystalline Rooks. Large displacements which have 

ooour~ed along maJor faults have restricted the oiroulation 

ot unde1'ground water in the neighbouring areas, as e.g. the 

la-rge/ ••• 
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large faults 1n the Dolomite and Pretoria Series. 

Solution channels in the Dolomite are controlled 

partly by the structure and partly by other f'aotors. These 

channels permit a fairly widespread oirculation but faulting 

and tolding frequently oonf'1ne them to limited areas. Most 

of these channels 11e below the level of' the maJor streams 

and their tributaries. In most inst~noes the channels 

permit the o1rou.lat1on of underground water 1n 1nterstream 

areas. 

The structure in the areas underlain by the Karroo 

series appears favourable tor a widespread circulation (e.g. 

the Great Karroo and the Springbok Flats) and 1n places as 

in the Auob and Nossob Areas, South West Africa suoh a 

circulation exists; but the character of the sediments is 

not equally favourable. The rapid change 1n character ot 

the sediments along the strike and dip whe1~e sandstones are 

replaced by impervious smlea and the presence ot shales and 

sha.ly sandstones are not favow~able tor a widespread 

o1rculat1on or underground water. The presence of well 

developed Joints and bedding planes is very favourable but 

the innumerable intrusions ot intrusive dolerite and the low 

porosity of the sandstones again upset the rapidity and 

continuity or flow. 

The structure of' the Pretoria beds, a series of 

dipping quartzites and shales with intrusive diabases is 

highly favourable to a widespread circulation. 

Not only do the major elements of the geological 

structure influence the underground water but minor features 

are equally, or possibly even more important. These minor 

features exert a great influence locally upon the occurrence 

of the water. Most failures to obtain adequate supplies 

of water are due to locating the site 1n a structurally 

Wlfavourable place. 

t:he/ •.• 
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The numerous igneous intrusions into the sedimentar, 

rocks play a great part 1n affecting the circulation of 

underground water 1n the intruded rocks, springs often occur 

in the vicinity of these intrusions. The ohiet examples are 

the intrusive dolerites 1n the Karroo Series, the intrusive 

diabase sills in the Pretoria series, the dykes and quartz 

veins in the Dolomite and the crystalline rocks. In 

dissected areas underlain by schist or gneiss boreholes 

should be located so as to take advantage of the accumulation 

and circulation of the underground water as shown 1n Fig.5. 

Fig.5. 

A has a small catchment area, and water that seeps into the 

ground moves down the planes of sohistos1ty. B has a larger 

catchment because water 1s available from the schistosity 

planes intersected and supply is augmented by water moving 

down the Joint planes. This principle is applicable 1n 

many of the areas underlain by the crystalline rooks. 

Thus as oan be seen and as is mentioned often 

furt..her on the minor structures play a very large part 1n 

underground water conservation. 

ARTESIAN CONDITIONS. 

The term artesian is used here not to denote any 

borehole 1n whioh the water rises above the water-table or 

looal underground water levef~, but boreholes in which the 

hydrostatic pressure is sufficient to raise the water level 

above the surface of the ground. 
The;r:e/ t e I 

(l) O.E.Meinzer - outline of ground-water hydrology with 

definitions. u.s.G.s.w.s.P. 494. 

 
 
 



 Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

JO 

30 

A , .... 
'v"'-'<-" --,~, 

''\,..,-- --· 
'---- ... 

e ---- - - - - - -
D 

E 

' ' ~-
/: 
' ' 

__. --
......_ ___ _ 

-- --- - -- - ------
', --~ .... -.,,.-- ,,,,-- -__ ...., - - - - - - -- - - - -- - -

;:'-1 --~--__ -_-__ ...... _,_----_--_,.-_-_--____ -_-___ -r-~-r---r-----r--..-----------~~---.----.---
fu{~. Q.J Sfft bet- flL A:e /o.1t J,(,. J,,t:~,~ ~tel Jf..y ;:~ /~ rL7 i;r ~:{- A~ J~e_ /;_ Jd. Ii J 3 1134 

IJ J !>-

 
 
 



 Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

~ 

r . ;. 
s-o· 

W .. 1iv ,o· -r..u. 

'70' 

f/() 

10' 

' 100 
I 

,res- °" 

, , , 
')( 

·~ ., 

l\ 
I \ 

I \ 
\ 

I J..O 

 
 
 



 Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

4b 

i 3o 
I 

~ 

40" 41>' 

Jo" ,o· 

7d 

/,rt,' 

' 1/0 

w,l'tn 
\ 

1a,,-t 
\ 

' ' 
' f?a,~f .. ll ' 

\ I 
\ I 
\ 
\ I 
\ I 

" 

\ 
I 
\ 

I 
I / 

V 

1110 

\ 
\ 

\ 

,• I M 
ii,,1: r /fa.sure s 

r--x )( 
I \ ' ' \ ' I ' ' ' y I 

' ' I 
' ' I 

' ' 
I 

)t 

l?fJ- lfJ.D lfl~-

r;1 .f+ 

 
 
 



 Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

5. 

There are no large artesian basins or slope 

structures 1n the formations dealt with here. Ar1ies1an 

areas of small extent are to be found in the Karroo Series 
(2) 

in G1beon District Sou~h West Africa in the Dolomite 

Series in the Springs and Barkly West Districts and in the 
(3) 

Crystalline Rocks 1n Namaqualand. A few odd flowing 

boreholes are due to relatively looal structures. 

The Great, Karroo and the Sp~ingbok Flats areas 

both possess the requisite structure but ao~ording to du To1t 

111 the oase ot the latter "The intake area on the north may 

be insufficient, the beds themselves are not conspicuous tor 

permeability• while there are certain concealed ridges, 

which might interrupt the movement ot water along the bottom 

of the basin. SUoh a barrier was struck in the 1546 toot 

borehole on the farm Diepsloot, while practically all the 

other deep borings, trom 500' to over 800' have given only 

limited pumping supplies. 

There is even less reason tor supposing that the 

Great Karroo constitutes an artes1an area. The porosity ot 

the sandstones 1~ l~w, while the formation is intersected by 

a maze of dolerite intrusions, which would act as barriers 

to the underground circulation. 
(4) 

In the Gibeon District South West Africa, a 

fairly uniform dip ot the pervious Eoca sandstone has pro­

duoed flowing boreholes, which occur along the Auob and 

Nossop Rivers. 

reported. 

In the Dolomite area a few flowing boreholes a.re 

These evidentl3 penetrate solution chann0:~ that 

contain/ ••• 

(2) H.F.Frommurze - Flowing boreholes 1n the Gibeon Rehoboth 
and Gobabie D1sts. S.W.A. (T.G.S.S.A.) 

(3) Merensky H. Artesian Water 1n Namaqualand. Joh. S.A.M. 
Eng. Jl.1928. No.1898 pp.627-628. 

(4) A.L.du Toit. Geology of S.Atric~. 
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contain water under suft1o1ent head to make them overflow. 

Unless the channel is closed at or near the lower end there 

ls not likely to be sufficient head to produce a fl.owing 

borehole. 

Fig, 6. 

On the farm CJoedgedaoht 38, District Springs, Transvaal, a 

borehole sunk by the African and European Investment Com_nany 

struck water at 450' in broken dolomite which rose to the 

surface and nowed at the rate of a,ooo gallons per hour; 

at 1800 1 the borehole pierced an igneous dyke. (Fig.6.) 

The borehole at the Hotel 1n Delmas 1n the same 

district about 5 m1lea away flows at the rate of 100 gallons 

per hour under evidently similar conditions. At Boetsap 1n 

the Barltly West District, Cape Province, a borehote over-

flowed under similar conditions. The Dolomite forming 

high ground to the west and a shale band formed the 

impervious layer. 

An unusual oocurrence ot artesian water 1n the 

area underlain by the Crystalline rooks in Namaqua1and has 
(x) 

been described by H.Merensky. 

J. 

Fig.7. After Merensky. 

Merensky points out the novelty ot this ooourrence where 

Jointed and laminated gneiss forms the aquifer and quartzite 

(2) the impervious bed. Boreholes in this area have 

yielded up to 6,000 gallons per hour, the water being under 

high/ ••• 

(x) H.Mereneky. Artesian Water in Namaqualand. Joh.S.A.M. 
Eng. Jl.1928.No.1898 pp.627-628. 
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high pressure. 

He states further that he has been able to locate 

five similar synclines and has found that not only the 

troughs but alao the limbs of the structures are capable of 

yielding considerable supplies. 

A turt;her possible area ot artesian water is the 
(2) 

western extension oft.he SUnday River Valley where 

Stormberg lavas and tutfa lying 1n a basin with 1mperv1oua 

Stormberg clays and marls below may provide water under 

pressure. The quality of this water is very doubttul as mo1 

ot the ground water 1n the locality 1a brack. 

( 2) H.F. Frommurze. Chapter on Underground water in the 
Explanation to Sheet 150 Sundays River. 
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a. 

THE WATER aEARIMo PROPESlls or 
CRYSTALLINE ROOKS. 

INTRODUCTION. 

These rocks have been extensively bored into tor 

water because boring has been the only means of supplying 

water to large areas and so making these tracts available 

tor settlement. This 1s especially so 1n the case ot the 

drilling done by the Government, as very large areas 1n the 

Northern and Western Transvaal and in Namaqualand and 

Bushmanland wh1oh are being opened up and settled under the 

Land Settlement Policy are underlain by the Crystalline 

Rooks. 

In 1925 lo% of the boreholes sunk by the Govern­

ment since the date of Union penetrate the ancient granites 
(x I) 

and gneisses. To-day this figure has risen to twelve 

percent. 

Most ot this drilling activity 1n these rocks has 

taken place in the Northern Transvaal (see Fig.8) followed 

by the Weatem Transvaal and Bechuanaland, while the North­

Western Cape has only a tew boreholes in oompariaon with 

its dimensions. 

TOPOGRAPHY. 
(xa) 

Du Toit divides the whole area ot Crystalline 

Rooks up as follows: -

"(a) Barren ranges and rook floored valleys with curved 

surfaces scaling ott under 1nsolat1on (as 1n the arid central 

belt of Namaqualand); (b) bare ex:toiat1ng hills rising 

from a plain ot deep red sand that is mostly underlain by 

the/ ••• 

(x I) Du To1t Borehole Water Supplies 1n South Africa Trans. 
and Mins. ot Proo. S.A.Soo.C.E. 

(x 2) Du Toit Loo o1t. 
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the more gneissic and triable types (Bushmanland); (o) 

bush-clad undulations and flats with reddish soil and bare 

knobs or tors (Pietersburg); (d) rolling country with 

coarse pale soil concealing the decomposed rock and showing 

few outcrops (Western Transvaal); (e) red sandy, buah­

oovered plains with the fresh rook close to surface 1n 

places (Eastern Lowveld); and (f) bushy plains with great 

thickness of superficial deposits concealing the solid rock 

as 1n Northern Rustenburg, Mateking, and Vryburg". 

WATER SUPPLIES, 

The quantity of water available from the under­

ground supplies 1n these rocks is dependent upon their 

behavior under weathering, which 1n 1ts turn depends upon, 

firstly, rainfall and, secondly, topography. 

illustrated by the following table:-

DIS'l'lllC! OB SU tfltiz DEPm j.VllWJI mLD Pm 
m JWJIIR)TZI I• GALT.OHS 

lWD'ALL ... P.18 DUI( 
Vea RJvudorp 5" 121• 14&'> 

Kenharclt 5" 93" 92'i0 

•~ualand & 5-IO" 91' lal?O 
Bueh■enJand 

Vryt,m,g 15" 94' 16800 
Mafeldng a:>" 98 1 18730 
Northan Rus~en'bul-g Z>" 11?1 18500 

Wea\ern hllD.ffaal 
Scbreba Renea-
Christiana 18" 571 19000 

Liohhnburg a>" 40' 28K> 

Vc••rad.o~erkado~ 
Wolaaranaa 23" 331 265«) 

Pretoria,.Johannesburg 35tt ,1• 24900 

Horth.em hanSYaal 
15" Water'berg BJ' I0400 

PotgieterffUS\ a:>" 79• 164~ 

Zou.tpmaberg 23" Tl' 19?00 

Pietersbvg 30" 85' a,400 

Letal>a 33" 70' 352)() 

Barbel'ton 35" 8)' 4:.1100 

This 1s 

~ 
O"I 

r.uuma. 
44 

58 

47.3 

30 
38 
59 

a; 

7.5 

as 
22 

55 

3) 

23 

a, 

34 

:I) 
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It is seen that the yield and the depths tor each 

area react to the increase 1n the rainfall; this result 

being modified by excessive weathering 1n the rock, when the 

yields drop. The same happens if the position of the site 

1s tar from a drainage line when the percentage of failures 

increases. 

In conclusion it may be stated that 1t 1s almost 

impossible to toretell the suooese of a borehole 1n the 

crystalline rocks. The chances of success a.re 7 1n 10, but 

this varies 1n the different areas according to the 

topography ot the ground and the rainfall. 

The water 1e to be sought tor 1n (I) Joints. 
(x4) 

decomposed. areas i.e. it deoompos1t1on has not gone too 

far so as to seal the passages within the rook (3) 1n and 

against diabase dykes and sills, quartz and pegmat1te veins, 

crush zones,etc. 

The magnitude ot the supplies obtained a.re 

surprisingly good averaging 7500 -· -·-- 28000 gallons per 

day at average depths f'rom 60 - 200 1 which oouqares tavour­
(xI) 

abl7 with results obtained 1n the United States of America 
(x2) 

( 13000-28000 at dept.ha of from 30 to 300 • ) , 1n ICenya 

where an average of 24,400 gallons per day was obtained at 

154', and 1n southern Rhodesia 2000 - ao,ooo gallons per 
(x3) 

day. 

(xI) 

(x2) 

(x3) 

(x4) 

Distribution/ ••• 

Ell1s.E.E. Oocurrenoe ot water 1n crystalline rocks 
u.s.G.s.w.s.P.160. 
Sikes H.L. Underground water resources of Kenya 
Colony. Kenya Colony and Protectorate. 
Dixey A praot1cal handbook ot water supply. 

Sandford I. s. Sources of water 1n the H-W Sudan 
p.412 Geographical Journal London, Vol.LXXXV No.5 
May 1935. 
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DISTRIBUTIOH OF THE CRYSTALLINE ROOKS. 

(l) In the Transvaal 
(a) Northern and Eastern Transvaal. Comprising 

P1etersburg, Zout,pansberg, Waterberg, Rustenburg, 

Letaba, and Barberton. 

(b) South Westem Transvaal, Bloemhot, Christiana, 

Wolmaranstad, Klerksdorp, Liohtenburg and 

Ventersdorp. 

(o) Johannesburg - Pretoria mass. 

(2) In the Cape Prov1noe 

(a) Mateking and Vryburg. 

(b) Kenhard.t, Pr1eska• Van Rhynsdorp, Bushmanland, 

Namaqualand. 

(xl) & (X2) 
(la)The Cr;ys:t,ay.line ;cooks 1n the Northern and Eastern Tranavyl. 

The granitic and gne1sso1d oomples oocupies 

practically the whole ot the low-lying portions ot the 

surfaoe of the country stretching northwards t1'0m the ranges 

south ot Pietersburg to the Limpopo and beyond. Eastwards 

it ia continuous with the area underlain by granites, 

gneisses, and schists which extend from P1etersburg beyond 

the Murchison Range along the lower courses of the Sela~1, 

Letaba, and Olifants Rivers. 

The country north ot Pietersburg, however, differs 

from that to the east and especially from that about the 

Murchison Range in the comparatively small development of tht 

more basio types ot Schist. The rooks of the northern 

portion ot this area include many massive types in which a 

gne1ss1c structure 1s only feebly developed and which appear 

to have been derived entirely from rocks of igneous origin. 

An enormous variety of rocks is to be found 1n 

(xl) Traverse of Zoutpansberg G.s. Tvl. Rept. 1906. 
(x2) A.L.Hall - Handbuoh der Regionalen Geologie Band VlI -

7a - Union ot S.A. 
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this a:r,;ea; massive granites, gne1sa1o granite and true 

gneiss ooour, the variation being due to d1tterential 

movement during consolidation. Basio Schists, Marbles, and 

Qttartzitee belonging to the older rocks invaded by the 

granite, ooarse masses, dykes and oills of pegmat1te; 

younger basic intrusion, doler1tes and gabbros; and various 

rooks formed by assimilation of older formation• by the 

granite all play thei111 part in the general complex. 

Weathering 1s extensive, both ohemioal and mechanical, and 

large areas ot porous deoomposed rook are produced wh1oh 

extend downwards to more than titty feet where the rainfall 

is heavy as along the Drakensberg Escarpment. 

In the Low Oountey mechanical weathering pre­

dominates with production of typical rounded forms; this is 

also seen in P1etersburg a1atriot. 

Country underlain by the Crystalline Rocks 1s 

generally fairly well bushed - and covered with red and 

white sandy soil on the flats. 

UNDERGROUND WATER SUPPLIES 

Operations tor boring tor water have been carried 

out extensively in this northern and north-eastern area and 

up to the time ot writing the results trom 800 boreholes 
(x3) 

have been reviewed. The results are as follows: 

District. / •.. 

(x3) A.L. Du Toit - Borehole Water supplies 1n the Union 
ot S.A. Trana. Mins. Proes. S.At. Soo.C.E. 1928. 
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DIS!BIC! ~A!lBB!BG roTGmERSBtJm ZOTJ'l'P BSBG.. PI!T!RSBG. L'EDB& IW1BIRIO• 

Jo •. of holes a> 75 332 283 77 19 

.lT.,cle-_pth 1n ft •. 188 136 150 146 150 164 

J.y. aep,h at whioh 
water 1a s\ruok. 122' 981 I08' IOO' 1001 I03' 

AT• d.epth to which W&tez' 
rbH(reet lnel). 8) ?9 75 64 10 8) 

J.y. daily qwm.ii 17 in. 
gallons. 10400 16430 23500 19-100 253)() 42100 

Per cent of tailUJ."•• 65 30 24.4 25 34 30 

Per oen\ of boles 

■triking ---- at d.et>"ha ereater t!Jan 300' .. 0.1 -
Per cent of boles c1.e3er 
\bu. 300' sulking • er 
al,oye 300' 6 2.4 - 5 

Per oent ot holes 4eepa 
IO 3 than :!>0 1 blank. 3 2.1 3 -

Ammal av.ra1nfall ill 
inc!Jea. 15 3.) 23 :I) 33 35 

A consideration of these interesting results show a 

rising yield with the increase in rainfall prooeeding trom west to 

east reaching a maximum 1n the Zoutpansberg District. Thence 

proceeding southwards and eastwards there is a pr~nounced tall 1n 

the Pietersberg area though the ra1ntall 1s increasing, indicating 

the fact that this rainfall has not such easy access to the countr 

rook, probably due to the thicker covering ot soil and the extreme 

effects of weathering, the result being to close the crevices and 

pores with a.rgillaceous and oolloidal material hindering in-
(1) 

filtration. This point 1s further stressed when the results 

obtained in the crystallines 1n the Barberton District are 

oonsidered where the rainfall 1s from 26 to 40". Here although 
been 

phenomenal results have/obtained at selected spots, the effect 

ot the extreme chemical weathering 1s very obvious. 

Thirty per cent (30'J,) ot the boreholes are failures and 

in the log of each is reported "decomposed rock, running sand, 

running mud" etc., indicating that the texture and cohesion ot 

the/ ••• 

(l) Borehole Water SUppl1es in S.A. by Du Toit and the Journal 
of the Hyderabad Geol. su.rv.Vol.2 pt.2.w.s.P. No.l Capt. 
Leonard Munn.O.B.E. 
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the rook has been destroyed by decomposition. 

The high percentage ot failures from the Letaba 1• 

due to the above causea with the addition ot large areas of 

oloae gra1nedmh1sta, which have been found to give poor 
(l) 

results when drilled into, especially eo when the dr1111ng 

takes p]aoe away from the main surface drainage lines, 

differing 1n th11 respect trom the area round Bandoller Kop 

Northern Transvaal, and the Genesa bloolt ln the Vryburg 
(1) 

d.1str1ot. Thia taot 1a particularly noticeable along 

the Jluroh1aon Range where, when the drilling takes place 

away from the course of the Selat1 River or its tr1butarles, 

results are poor and failures increase. 

A further noticeable feature is that although the 

mean level of the water when struck ditters by 22 1 1n the 

d.1tterent areaa, the mean rest level differs by only 20•, 

Drilling to depth.a exceeding 300 1 1n this seot1on ot the 

or.,atall1ne rooks would appear to be ot no value. Failures 

are high but include all holes not giving more than 1000 

gallons per 84 hours, also those which were abandoned owing 

to various technical d1ft1oult1es met wit.h by the driller. 

On separating as tar as possible the results olltai 

ed trom the different t,ypes ot rook the following are 

obtained:-
(l) §C!JlSTS. 

P1etereburg. ZoutRan@bers,. Lete1ba 
Av.total depth of 
borehole 1n tt. 173 143 160 

Av.depth at which water 
was atruolt 1n tt. 116 119 110 

Av.depth to which water 
r1aes 1n ft.rest level 83 80 81 

Av.daily yield 1n galls. 12000 12200 20000 

Percentage of failures 11 11 36 

,ai oa1t~11n1L11 

(l) Borehole Water SUppliee 1n S.A.by Du To1t and the 
Journal of the Hyderabad Geol.Surv.Vol.2 pt.a.w.s.P. 
No.l. Capt.Leonard Munn. o.B.E. 
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(2) QRYSTALLINE LIMESTONES. 

Pietersburg zoutpansberg Letaba 
Av.total depth ot 
borehole 1n tt. 104 145 

Av.depih at which water 
is atruok 1n :tt. 58 124 

Av.depth to which water 
rises 1n ft.rest level 38 97 

Av.daily yield 1n galls. 35600 18950 

(3) BASIC INTRUSIONS (DIABASES, GABBROS,ETC.) 

Av.total depth ot 
borehole 1n :rt. 150 144 125 

Av.depth at which water 
is struck 1n ft. 110 107 71 

Av.depth at wh1oh water 
rises 1n tt.rest level 71 73 49 

Av.daily yield 1n galls. 23150 26090 35000 

Percentage ot failures as 18 27 

The points brought out by the above tabulation are 

the comparatively poor results obtained 1n the aohists, and the 

high yields tram the basio rocks. The limestones vary greatly 

1n their results 1n the two d1str1ots quoted which may be due 

to the chemical weathering which has had a bad etfeot on the 

water-carrying properties ot the granites, but makes the 

limestone better aquifers by enlarging more rap1d1y the 

so1u,1on cavities and channels. 

The conclus1ons arrived at trom a study ot these 

results, and alao of the probability ourves attached (see 

F1ga.8.a,b,c,eto.) are: 

(1) That if boring sights are sc1ent1t1caliy seleoted 

there 1a a tair chance ot getting water until a depth ot 180 1 

is exceeded; below this depth the possibility 1s remote and 

drilling becomes speculative. 

(2) One 1n every tour boreholes is likely to be a 

'ta1lure 1ncreaa1ng to one 1n every three 1n Letaba and 

Potg1etersrust/ •• 
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Potgietersrust., and one in every two 1n the Waterberg. This 

1s due to a variety of causes, drilling on unlikely sites, 

not continuing operations to a requisite depth, various 

accidents during the course ot drilling making it more 

eoonom1cal to move the site, extreme oond1t1ons of weathering1 

and the presenoe ot untissured blocks which consequently 

contain no water. 

(3) Schists should be avoided where possible and the 

basic intrusions be taken advantage ot, a.a the latter act 

(a) as underground dam.a to the water 1n the poroue zones and 

Joints, (b) oauae subsequent minor Jointing and fissuring 

1n the surrounding rook, (c) are more Jointed, fissured, or 

decomposed than the surrounding rook and thus carry the 

water themselves. The same applies to quartz reefs, aplite 

and pegms.t1te dykes,eto. 

(4) The fut111ty of drilling below a depth ot 300 1 1n 

the hope of getting a supply or water is made very obvious 

by t,he figure of o.&f, of holae which strike water below that 

depth. The rest of the holes deeper than 300' either strllte 

water above that depth or are total blanks. 

(5) Apart from the surface deoompos1t1on which gives 

rise to basins and zones of porous rook the water is 

,!lSSOOiated ohietly with tha Joints which the probability OIIPl4 

seenis to 1n~lloate are about 20 to 40 1 apart,, and are 

weathered and porous fl•om 5 to 101 on either side. The hard 
(x) 

fresh rook does not carry water. 

Summary/ •••• 

(x) X.S.Sandtord Sources ot Water 1n the N.W.Sudan Geog. 
Journal Vol.XXXXV 5.t's8y 1935. 

C. W. Grabham. Water SUppl1es 1n the Anglo-Egyptian Sudan 
Khartown p-.ol-./~ ~ 
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sm.w.RT OJ' H>BllfG KEStlLIS. 

PIETmSBURG CRTST.tJ..Lim. 

Q,Ujl!Jff II cw.t.OD PII DUK 

total lo. 
l • IO- a:,. 30- 40- a,. 8).. 10- «>- 90-

ept 
of bore-

l000 ICXXX> 3:>000 30000 40000 50000 80000 10000 b>OO 90000 I00000 boles m:feet froa which 
information 
wu olill.ned. 

0-f:iO 29 2 1 6 2 3 a 4 a 1 
51-IOO 86 3 29 26 7 6 4 4 2 2 4 
IOI-150 48 l 22 12 3 2 1 l s 1 
151-200 25 2 12 4 1 2 l 2 1 
3)1-250 12 9 l 1 l 
351-:llO 2 l l 

!OT.AL$ a:>2 8 80 48 14 14 9 11 4 8 6 

ZOU!PAISBERG CRYST.W.DES 

0-50 37 2 6 3 5 l 6 3 9 3 
51-IOO 89 a 26 19 19 s 2 2 4 8 l 
IOI-lSl 11 l 38 a, 6 3 3 • 3 1 
151-.a:x, 44 21 13 4 2 2 2 
3)1-250 12 9 2 i 

ro!ALS 2!:0 3 94 60 33 16 I 13 7 23 5 

CRYSTALLINE ROCKS IN THE NORTHERN RUSTENBURG DISTRICT. 

DISTRIBUTION 

The area underlain by these rooks 1n this district 

lies to the north of the Witfontein Rand and 1s bounded by the 

Marico and Crocodile Rivers. 

The formation consists of ooarae grey and pink 

granite and b1ot1te gneiss. Veins ot quartz and pegmatites 

are of frequent occurrence, and there are also dyke-like 

intrusions ot diabase. 

Exposures are rare. The country is flat with gentle 

slopes towards the rivers. Extensive deposits of deep sandy 

red and brown soils are interrupted occasionally by belts of 

grey or black clayey aoila (black turf). A little 1oultlip• 

and some surface limestone is to be seen associated with the 

turf./ •••• 
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turf. These belts usually follow the lines ot drainage, 

and the limestone haa undoubtedly been derived from the 

dolomite of the W1ttonte1n Rand to the South, having been 

brought down 1n solution 1n times ot nood from that quarter 

A few miles to the South-west of the Crocodile River and 

running roughly parallel to it is a more undulating belt of 

country along which exposures of granite and gneiss are 

fairly common, especially about the locality known as 

W1tpoortje on the road from Holfonte1n to Oolles Dritt. 

The Calnareous Tufa is often found beneath the 

soil covering and in places attains a great thickness. 

Especially so is this along the Holtontein and the Khaman-

1anes &loots where it occurs in rather marked zones. The 

average thickness ot the limestone as calculated from the 

measurements made 1n 60 boreholes is 56'. It ls remarkable 

that this considerable overburden of a porous and absorbent 

nature does not seem to have any effect on the water supplie, 

obtained and with the exception of one case, B.H.No.3547 

does not carry any water itself, part,ioularly as it haa 

been noticed that large floods trom the south are rapidly 
(x) 

absorbed on these plaina nor does the absence ot this 

covering occur where there a.re failures because 1n the oase 

of 31 holes which failed to str1lte water the average depth 

ot the tufa was 48 1 • 

The rock is often found decomposed to considerable 

depths, as much as 1951 having been reported, while a tu.rthel 

feature of this rook is its broken nature which according to 

borehole logs persists to depths of 140'-150'. In one case 

a slx inch vein of decomposed material carrying water was 

report~d at a depth ot 216' from the surtace. 

Observation/ ••• 

(x) Du. To1t.A.L. Borehole water supplies 1n the Union ot 
south Africa. 

 
 
 



 Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

19. 

Observation 1n the field has shown that this de­

composed and Jointed granite carries most ot the larger 

supplies of water, and 1n this way it is similar to the 

crystallines furt,her north and east. A point ot difference 

however is that the schistoae and foliated varieties ot rook 

are apparently 1n no way superior to the compact granites 

1n their water bearing capacities, which is different to the 

occurrences N ands. In the same way the basic intrusions 

prove to be· poor water carriers here as they are in the 

Pretoria-Johannesburg area and differ trom those of the 

northern area where they are superior to the invaded rock. 

The Jointed nature ot the rook on the other hand 

has its disadvantages as the Joints tend to deflect the dril: 

trom the vertical and many ot the failures are due to this 

cause, as the boreholes have to be abandoned before reaching 

the depth necessary to obtain water. In other cases oav1t1ea 

developed along Joints absorbed water to such an extent. that, 

drilling had to be abandoned. 

UNDERGRQUND WATER SUPPLIES. 

The averages calculated for the 234 boreholes sunk 

1n this area up to date are set out below:-

Number ot holes 234 
Average total depth or borehole 1n feet. J .. 88 
Average depth at which water was struak 160 

" " to " • rises 117 
AY-e-rage ··daily ·footage 

" • yield 1n gallons 18,500 
Percentage of failures 50 
Percentage ot holes drilled deeper thanl\ 

300 1 

" H " M " • Nil 
whioh strike water below 300' 
which strike water above 300 1 2.5 
which are totally blank Nil 

Two tacts emerge from this analysis 

(a) The waters are very deep here and 

Diabase on17. 
37 

203 
170 
124 

(b) The failures are higher than 1n any other part ot 
the Union; 

but in spite ot these adverse features, the yield per 

suooesstul/ •••• 
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suocesstul borehole is distinctly good. 

SUMMARY OF BORING. 

NOR'l'HERN RUSTENBURG CRYSTALLINES. 

0pant1t11n gallon• PR 4J•m. 

Tobl lo, 1- IO- a,. 30- 40- 50- 80- ,o. Er.>-
Dep~ ot borttbol•• IOOO 10000 axxx> 30000 40000 50000 b>OO 70000 ax,oo ~ 

fro• whloh in fee'b 
Wonuion 
... obtained.. 

u-50 
51-IOO 21 3 8 4 1 l 2 1 
IOI-150 30 5 8 9 3 2 2 1 
151-a>o 48 4 a, 14 3 4 2 1 2 
an-aso 15 l ' 1 1 2 
351-300 3 2 l 

ff>f.US 11? 12 4:2 35 8 7 4 5 3 1 

In connection with the high number of failures it 

should be pointed out, however, that 30% ot these were 

abandoned for various reasons before they were deep enough. 

In this formation it the rook does not get, too hard, no hole 

should be abandoned before a depth or 250 1 1s reached except 

tor reasons ot economy. A further 20% ot the failures 

struok water but less than halt a gallon a minute. 

That there are localities practically without 

underground water 1n this are~ seems to be the case, tor on 

the ad.Joining farms Smithfield, Worcester, and Swellendam. a 

~otal of 10 boreholes tailed to give a practical supply 

of water. Others with similar unfortunate records are 

Merino Walk, Middelveld, Zuurverdiend, ;.r,:oorland 449, Modder­

pan 792, Tai,t,entaal Pan (Portion ot), portion ot Hartebeest­

ltu11; Loggerinde Hoek and portion ot Tyldindal 61. It 

would appear that here as in Mateking the results from the 

crystallines are always better along the "l&l,Stes" than on 
Py, 

the bults differing from the findings 1n the area around 
(xl) 

Bandolier Kop and the Genesa Block. 

(:xl) Du To1t A.L. Borehole Water Supplies in the Union ot 
South Atrica.Trans.ot Mins.of Proc.ot S.Atrioa.Soo. 
C.E.1928. 
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(lb) The cr;rstall+ne Rooi,11n t-be western Transya,aJ.. 
DIS'rRIBUTION., 

Comprioing tr..ree large exposures (a) '1n the 

Ventersdorp-Klork.adorp and Wolmaranstad Distriote; (b) in 

t,he Lichtenburg District and (c) 1n the Schweizer Reneke and 

Christiana Districts, the rooks are exposed by tolding and 

denudation or denudation alone or the overlying Venteradorp 
(x2) 

and Witwatersrand Series. 

'!'he outcrops, which are not oommon, usually occur 

as low banks along streams or 1n valley bottoms such as in 

the case ot (a) the 5ohoonspru1t Valley; (b) the Hartz 

Valley and (o) the Jagdspru1t Valley. The oountry underlain 

by these rocks is generally low and slightly undulating and 

extensive deposits ot sandy soil, alluvium and vle1 deposits 

1n the nature of grey clays and blaok turf effectively 

oonceal most of the solid rock. 

LITHOLOGICAL. 

The rook is often highly decomposed at the 

S'Urtace and sometimes down to a considerable depth. 
(X2) 
Specimens have shown that most of the rook is a 

medium grained grey rarely pink muscovite granite, schists 

are not common and are very seldom to be found as outcrops. 

Dia.bases aro also rare. 

The position of the rock on the lower ground, its 

degree of decompos1tion s..nd the fair rainfall have com­

bined to make this rock a ta1r underground water carrier 

as an examination ot the results obtained by boring will 

show. 

UNDERGROUND WATER SUPPLIES. 

In the first area comprising portions ot the 

Ventersdorp-/ ••• 

(x2) Molengraaf. Geology ot Portion of the Klerksdoro 
Dist. T.G.s.s.A. 1905. w 
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Ventersdorp-nerkadorp and Wolmara.nstad Districts the 

results of 67 boreholes have been examined and the averages 

are as follows:-

Average total d.epth 1n feet 
M depth which water was struok 
• depth to which water rises 
• daily quantity 1n gallons 

Percentage ot failure• 
{ll Total failures 
(8 Insufficient water 
(3 Not deep enough 

Percentage ot boreholes deeper than 300 • 

104 
66 
33 

85i560 
7.9 
8~ 
asi 
9~ 

Nil 

In the second area which 11es entirely within the 

Liohtenburg district the following results were obtained:-

Number or Boreholes 240 
Average total depth of boreholes 1n teet 118 
Average depth at vrhioh water was struck 85 
Average depth to which water risea 40 
Average daily yield 1n gallons 88,240 
Percentage of failures '1.5 

(l~ Total fa.ilures 72 
(2 Insuft1o1ent water below lOOOgpd. 28 
( 3 Holes not deep enough nil 

Percentage of boreholes deeper than 300 1 nil 

The third area comprises portions ot the Sohwe1z4'r 

Reneke and Christiana Districts. The rainfall here 1a lower 

and the average results oorrespond. 

Number ot boreholes 
Average total dep\h of borehole 
ATerage depth at which water is struck 
Average daily quantity obtained per borehole 
Average depth to whioh water rise• 
Percentage ot failures 

(li Tot.al failures 
( 2 Water bel. ow 1000 gpd. 
(3 Holes not deep enough 

Peroent,age of boreholes deeper tlan 300 1 

105 
118 

90 
19,000 

5'1 
2~ = 10 

nil 

SU!!iMARY./ ••••• 
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SUMMARY OF BORING RESULTS. 

LICHTENBURG CRYSTALLINES 

Quantities 1n gallons per dig. 

Toal lo of 
bonhol .. 
:baa whloh 1000 1- 10- a>- 30- 40- 10- 80- '10- 80-
lntoraa,1.oa 10000 ax,oo 3X>OO 4C>OOO 60000 eoooo ?0000 80000 bXX) 
wuolaWDM 

49 16 10 ' 4 8 l a 2 
la> a 31 24 24 8 1, 4 9 ' 41 1 7 13 12 3 3 1 3 
lJ 1 4 4 l l 1 -----

m 4 57 S> '" 16 26 I 1 13 6 

SCHWEIZER RENEKE - mmISTIANA - BLOF..MHOF CRYSTALLINES. 

-
!oW Bo.of 
iohbolea 

:O.,th fnawhlc 1000 1- 10- a>- 30- 40- 80-
.,_ 

70- 80-
Wondloa l0000 a>ooo 30000 40000 60000 ax>oo ?0000 80000 90000 
... oo'81ud. ___ ., __ .... 

0-50 11 IS a 1 a 2 3 
51-100 62 l as 10 10 6 3 1 2 
101-150 33 1 14 6 l 3 
161-a>o 3 a 
Z>BLS 104 a '9 17 12 ' 9 

As seen the reduction in rainfall is followed by 

a reduction 1n yield and a greater depth to the supply. 

(lo) tr1tgr11-Johannesbyrg "QastaJ:l1ne Rook•"• 
The name "Old Granite", given to the rook which 

forms the greater part of this area, arose trom the neoess1tJ 

or distinguishing these bodies trom the later granitic 

intrusions forming part of the great Plutonio Comple•e• ot 

the Bushveld and Palabora where the granitic rook.a are known 

as the "Younger• or "Red Granite". 

The latter rooks are also developed in the South 

and South Westem Cape. 

~'he Old Granite, together with associated schists 

forming the group which we ha.ve called the Crystalline Rocks, 

is the oldest tormat1on·1n this area, and torma the fioor 

upon/ ••• 
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upon which the oldest sedimentary formations have been laid 

down. It may be regarded as the central rock mass of the 

area both physically and geologically - representing a 

denuded granite dome from whioh the sedimentary formations 

dip away on every side. 

DISTRIBUTION. 

Situated between the towns ot Johannesburg and 

Pretoria, immediately north of the former, it forms an 

extensive tract ot comparatively low-lying undulating country 

consisting ot alternating •bults" and "vleis". It 

terminates abruptly to the south against the well defined 

escarpment formed by the Witwatersrand System and to the 

north by the low ill-defined rise formed by the Black Reef 

Series. 

The shape of the exposure is roughly elliptical 

measuring about 28 miles by 20 m1lea giving an area ot 

approximately 300 sq.miles over which the g~enite is exposed. 

The surface is covered by grass, but bushes only 

grow 1n narrow strips along stream courses, basic dykes, 

crush zones and along sheltered northern aspects. 

Situated as it is on the northern slopes ot the 

main watershed of the Transvaal, the drainage system con­

sists ot a number of small streams flowing 1n a general 

northerly direction together constituting the head-waters 

of the Crocodile and its tributary the Jukske1 River. 

LITHOLOGICAL: 

By far the larger portion ot the area 1s oooupied 

by granite, the predominating type of which is a coarse 

pinkish-grey rook with a few flakes ot white mica, and a 

little b1ot1te and hornblende. Modifications of this type 

are frequent, usually less acid 1n character and ooourr1ng 

1n well marked bands 1n the more acid rook. These 

d1or1tes/ ••• 
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d1or1tes are more common in the marginal portion• ot the 

area. 

Highly foliated varieties are also met with es-

pecially along conapicuoualy developed lines ot crush whioh 

traverse the area. SOhistose rooks are common along the 

line ot Junction with the quartz1tes at the base ot the 

Witwatersrand System. These variations have an important 

bearing on the water-carrying capacity ot thia group. Tough 

acid rocks ident1t1ed as quartz telsites are found to the 

north of Krugersdorp near Mulders Dr1tt, and small areas to 

the nort,h and east ot Krugersdorp and West of Zuurfontein 

are characterised by a series ot basio rooks consisting 

mainly of am:ph1bol1tes and Serpentines. 

In addition the granite 1s tra.Tereed by numerous 

intrusive dykes and irregular bodies of rook generally 

ola1eed as diabase, which also out the Witwatersrand system. 

They ahow no signs ot foliation and crushing, but at the 

oontaot the granite 1a often softened and crushed. 

In close proximity to the central mass, yet 

separated by younger rocks and the R1ettonte1n tault ot 

some magnitude 1a a long narrow strip of granite. 

It outcrops intermittently from Elandatonte1n No.11 

a few miles East ot Johannesburg, in an easterly d.1rect1on 

as tar as the farm Vlalt:tontein No.,. 

North ot the above locality and east ot t,he central 

mass, the granite again appears at the surface on the tarms 

Tweetonte1n No.16 and Zestontein No.170. It occupies an 

ell1!)t1cal area tour miles long and one mile broad, partially 

oov~red by thin Coal Measures. Surrowided by Black Reef 

Series dipping to the east and west it has apparently been 

exposed along an antiolinal told with a north and south axis 

which is connected with an extensive system ot tault1ng 

extending/ ••• 
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extending into the neighbourhood ot Pretoria. 

UNDERGROUND WATER SUPPLIES. 

A total ot 188 boreholes have been sunk in these 

rooks up to the present, and the results g1ve the following 

averages: 

(l) For the sranite on,J,;l 

Average total depth 1n teet 130 
Average depth at which water was struck in teet 94 
Average depth to which water rises in test 47 
Average daily quantity 1n gallons 15,000 
Percentage of ta1lurea 35i 

• ot ,holes deeper than 300 1 ~ 
Exoeptlonal supplies 1.e. greater tlJaD. 100,000 0.7% 

gpd. 

In the case of the failures 50% were total 

tailures and 201, had 1nsutt1o1ent water,1n the case ot thel"¼I 

fu holes were not bored deep enough. Ot the holes over 300' 

none obtained water from below that depth. 

(9) Average fQP. the ~..PMJ~ ___ ip.tlrusions and the schists, 

Numbe.r of holes 
Average total depth 1n teftt 

" depth at which water was etruok 
1n feet. 

" " to wh1oh water rises inn. 
• daily quantity 1n gallons 

Percent ot failures 

Dig.au Schists. 

10 
133 

90 
45 

8,500 
30% 

34 
132 

94 
39 

36,000 
nil 

The schists give exceptionally good results, 

followed by the granites the diabase qield1ng the leaat ot 

the three, which is different to the results obtained in the 

districts of Pietersburg, Zoutpanaberg and Letaba where the 

schists ha.Te the smallest ';}ield and the diabase& the highest 

doubtless due to lithological and topographical ditferenoes. 

The position of the schists in this area at the 

base ot the Orange Grove escarpment receiving the run oft 

from the bard lower W1twatersi-and Series is such that the 

replenishment of the underground water is large. This 

coupled with their porous nature gives conditions which are 

suitable/ ••• 
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suitable tor the development ot the large supplies. 

That the d1abases themselves give poor results 

here is obvious but experience 1n selecting sites 1n this 

area has shown that the presence ot a diabase dyke or sill 

is a feature to be taken advantage ot. 

That dry parts occur 1n this area has become 

obvious, where evidently due to the treah unchanged nature 

of the granite, its position on elevated ground, and the 

tightness ot the Joint■, subterranean oohd1t1ons are such 

that the collection and storage ot water underground 1s not 

favoured. The vicinity of the Halt-way House is an example 

ot this. 

In selecting a site the tirst thing to be looked 

tor here is an area ot sohiets; it these do not ooour then 

diabase dyke or sill or one ot the many crush zones might 

be utilized. Failing allthese, surface signs which point 

to the fact that weathering has taken place 1n the rook 

below should be sought. It is advisable to avoid the 

massive outcrops ot tresh hard rook wherever possible. 

(2a) Jg~t:m' Rock! 1n Bechuanala.nd (MatekJ.ng IIDd 

DIS'lRIBUTION: 

The area consists of a slightly undulating 

country ot monotonous aspect. On the south drainage 1a 

et:f'ected by the Dry Harts River, while on the north are the 

various tributaries ot the Molopo, namely the Moe1ta, 

Setlagoli and Maretsan1 R1Ters, and the Ramat,hlabana Spruit. 

To the west are the Mashow1ng and Kurwnan Rivers. 

In the east there 11 oomparati•ely little 

veSetat1on, most of the timber having been out down tor use 

1n the Iimberley mines or destroyed by bush-tires, but 

west of the railway the country is usually covered with 

large thorn trees, while the ground 1s thickly grassed. 

Over/ ••• 
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(x) 
over almost the whole of the division of Mateking, 

and weetward.8 through Geneea the basement rock is granite 

and gneiss, but exposures are hot frequent on aooount of the 

oonsiderable depth ot reddish-yellow sandy soil. At many 

plaoes depression• 1n the older rooks have been tilled by 

shales and boulder-clay of the Dwyka formation. Th1e 

la.ttet' ie seldom of eutfioient depth to oarry underground 

water. 

LITHOLOGICAi,,: 

The rock where exposed is usually a well foliated 

mueoov1te-gran1te or gneies, with the tol1at1on planes 

dipping at a high angle. The rock may be veined by 

pegmatites and aplitea or traversed by qua.rtz-reets both 

of which practice has shown to have an influence on the 

movements of underground. wat,er. 

Both granite and gneiss are more or leas de­

composed, and this altera.tion extends below the surface to 
a variable depth; the more micaoeous gne1ss1o varieties are 

usually altered to a greater degree than the compaot un­

toliated granites. The reason for this is the different 

rates ot expansion and contraction ot the constituent 

minerals by which planes ot weakness are developed 1n the 

rock. The very well-banded gne1sa~e, with regular layers 

ot quartz, felspar, mice. and hornblende, may have a high 

degree of f1se1b111ty imparted to them through thie prooeee, 

aided by mineral deoompoeition. This cond1t1on 1a favour­

able for the penetration and retention of rain water. 

In boring, so long as the granite encountered is 

deo"mposed as shown by oavities, fissuree, clouded. telepara, 

aottness,eto.,there is always a possibility ot obtaining 

water. In aome oases apparently solid rook has contained 
numerous/ •••• 

(x) du Toit.A.L. Underground water in South-East Beohuana­
land,Cape. T.Trans.S.A.Phil.Soo.1906. 
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numerous microscopic fissures and cavities and the borehole 

has yielded a considerable supply. The latter oond1t1on 

uaually exists along Joints. 

The more compact varieties ot granite will 1n 

most oases yield little or no water. In boring or sinking 

wells,aites should not be chosen where the granitic rock 

forms marked out,oropa; it possible preference should be 

given to sites situated where pans oocur on the formation. 

Here as elsewhere 1n the Union and indeed 1n 
(x) 

other parts of the world the granite and gneiss have 

proved most uncertain rooks 1n which to bore tor water and 

failure• must be expected.(see averages). 

The rainfall 1n this area averages about 22• per 

annum. The run-oft is veey low, hence praotioally the whole 

of the rainfall will have to be accounted tor by the process 

ot storage, evaporation and transpiration. 

UNDERGROUND WATER SUPPLIES. 

The average results obtained from 210 holes bored 

since Union and 25 holes which are pre-Unlon show aome 

interesting figures. 

It can be deduced tairly easily from the better 

results obtained previous to 1909 that only the most favour­

able sites were used first, and the tall 1n daily yield and 

increase in depth to the water which came later indicates 

that the expansion which took place forced people to 

utilise the less favourable sites. 

AVERAGES. 

Total number of boreholes 
Average Total depth 1n teet 

•" denth at which water was struck 
" to which water rises 

" daily yield 1n gallons 
• daily footage 

Percentage ot failures 1/3 ot which are not 
~ deep enough. 
/o over 300' 1n depth 

of which 20% are without water,60% obtained 
water before 300 1 was reached and 20% have 
water below 300'. 

210 
168 
125 

98 
18,730 

5-10 

(x)U.S.G.s. Water SUpply and Irrigation Paper No.160. p.19. 
Ooourrenoe ot water 1n crystalline rooks by E.E.Ellia. 
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In the more westerly ot the two Railway Grants 

1n th1s distr1ot the superficial deposits overlying the 

crystalline rooks were tound to attain considerable depths 

so that boring had to be continued to depths greater than 

usual before striking water. The aupertioial deposits 

were sand, limestone, Kalahari red clays and surface quart,­

zites or siloretes. 

The average results obtained from 60 boreholes 

sunk in this area ditter oonside:rably from those 1n the 

rest of the district and are thus presented separately viz. 

Total number ot·boreholes 
Average total depth 1n teet 

" depth at whioh water was struck 
• • to " 1 rises 
• daily yield 1n gallons 

Percentage ot failures 
Peroentage ot boreholes over 300 1 1n depth 
Average depth ot supert1c1al deposit in the 

auooesatul boreholes 
Average depth or supel'tioial deposit 1n the 

unsucoess:tul boreholes 

60 
360 
272 
220 

11,900 
56~ 
24i 

224 

270 

In V1-yburg 152 holes are recorded and the average& 

are aa tollowa: 

Average total depth 150 
• deDth at which water 1s struck 105 
" 1 to which water rises 94 
" quantity of water per day in gallon&l6,600 
" 'dail:, feet.age 

Percentage ot total failures 
" ot boreholes over 300 1 deep 
" • " striking water below 300 1 

Generally the tact emerges that apart, from some 

boreholes sunk 1n the Genesa Block 1n Vryburg, observation 

shows that it is advisable to take advantage ot the drainage 

lines or laagtes wherever possible, as in the Rustenburg 

area; particularly is this so 1n the northern portion ot 

this area. 

In the ?J.ateking Railway grant mentioned before, 

holes sunk on the bults were,with few exoept1ons, failures. 

Similar results were obtained 1n the northern section ot 

Vryburg, / ••• 
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Vryburg, but here even some ot the laagtee suoh as the 

Kagole and Makgaalo tailed to produce results 1n certain 

portions, evidently due to the physical condlt1on ot the 

underlying rook. 

(2b) 

( l) N,AMAQ,U.ALAND. 

The coastal belt or Sandveld: This country consists ot a 

low sandy shore followed inland by a wide expallse ot red 

white sand, whioh varies from several to in some places 

seventeen miles wide, through which the under-lying or:,atal•­

line rocks rarely come to the surtaoe. It is poorly 

waters~, but derives benefit trom the sea-mists. The 

latter supply sufficient moisture to keep a 4esert type ot 

vegetation, consisting of auphorbias, mesembryanthemums, 

aloes, acacias, and a few grasses, 1n good condition, so 

that a comparatively large population ot sheep farmers are 

able to derive sustenance tor their flocks. 

The rocks seen are mostly schists and sohistose 

granite seamed with quartz Te1ns and pegmatite dykes. 

The rainfall is low, about 5" per annum, ot which 

over 7~ falls during the winter months. In spite of these 

unfavourable oond1t1ona large supplies ot underground 

water are stored 1n this area as is evidenced by the 

waters obtained 1n shafts along the old narrow gauge rail­

way at Five Mile and Seventeen Mile Station, and also the 
several springs discharging along the coast and at Koek­
fontein and Soebatsfontein. 

(2) THE STRIP OF HILLY COUNTRY LYING BETWEEN THE ZA@VELD 
AND THE BUSHMANLAND PLAIN: 

The level of this portion stands at trom 1,000 

to 3,000 feet above the sea. The surtaoe 1s uneven, con­

sisting of deep valleys tilled with sandy soils lying 

between large and small hills ot granite often dome shaped. 

In/ ••• 
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In the valleys the major farming operations, wheat 

growing, of this part ot the District are carried on. 

Various granites generally 1n a fairly fresh and 

solid condition are the chief rooks exposed, basic intrusions 

are rare. This is the best watered part ot the District, 

the water issuing generally as small springs trom Joints and 

decomposed zones 1n the hard rook, without any regularity 

with regard to horizon. These Joints and zones are also 

made use of for tapping underground water with the drill. 

(3) BUSHMANLAND PLAINS. 

out ot this great flat the tops ot chains of hills 

emerge, formed ohiefiy ot h1ghly altered sediments and 

gneisses with an occaa1onal intrusive body ot granite. 

Between these proJect1ons are large deep valleys tilled with 

granite debris and sand often oonaolidated by carbonate ot 

lime into a soft rock. This recent formation has been proved 

to extend to a considerable depth 1n places: e.g. at Cloub1es 

Vlei 200 1 was encountered in a well, at No1eab1es 350 1 1s 

reported from a borehole, and 1n a well at Bloemhok 150 1 was 

pierced. 

At the botiom ot this loose material generally on 

the old Talley floor or 1n the decomposed rook tol"Ill1ng the 

vallt,y floor are streams of water which can be tapped at 

suitable spots by boreholes. 

The valleys gradually tall towards the Orange River 

where, as at Pella and H~nltries. large streams issue at the 

a~rfaoe, these being formed by tha Joining of the various 

underground waters. 

VAN RHYNSDORP. 
Here conditions are very similar to those 1n 

Namaqualand i.e. low rainfall, sand covering the coastal belt, 

desert vegetat1on,eto. 

The sandy coastal strip 1s followed inland by an 

area 1n which rugged hills of granite outcrop which gradually 

disappear/ ••• 
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disappear 1n a sand.y plain, thus oorresponding 1n a small 

scale to the three features of Namaqualand. 

The rock exposed 1s generally gne1ssose granite 

though occasional areas are seen 1n which the parallel 

structure is not marked. A large variety of both granite and 

gneiss 1s found. Both rocks crop out 1n great curved 

surfaces that are kept bare and tree trom vegetation by the 

splitting ott of slabs along cracks roughly parallel to the 

surface. This process also goes on 1n the rocks with a 

gneissose structure that 1s not highly developed and may be 

seen on any of the conspicuous kops or klips in the Hardeveld 

such as Krakal Kop, 011:tants Voet and Oskop allot which show 

the roughly conoentrio breaking up ot the coarse gneissose 

granite. 

The more gneissose the structure ot the rook the 

easier it weathers in this area, as seen by the fact that the 

hard granites generally torm the tops and slopes of the hills. 

KENHARDT: glD SOUTHERN GORDONL\. 

This area 1e practically an eastern oont1nuat1on ot 

Bushmanland consisting of vast sandy plains and sparse hilly 

outcrops ot rooks. The main drainage line, the Orange River 

and its tributaries, has out through the sand covering and 

exposed the rook which varies tremendously in kind and com­

position all sorts ot schists, gneisses, granites and in­

trusions apl1tes, pegmatites, and basic rooks are to be seen, 

but the general classification is SWaz1land System with 

intrusive Old Granite and Gneiss. 

UNDERGROUND WATER SUPPLIES: 

Compared with other areas underlain by these rocks 

in the nort.h and east of the Union the boreholes are very 

sparsely distributed over this vast tract ot country as owing 

to the poor nature of the vegetal covering the number ot 

inhabitants/ •••• 
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inhabitants oe..rried per square mile is vary low. 

In Van Rhynsclorp a total ot 40 boreholes 1n these 

rocks have been oona1dered of hwich 38% are total failures 

and 6% have insufficient water tor practical purposes. 

The average results areas follows:-

Average total depth 1n teet 215 
171 "" depth tto what1ahr 1ntfeetr1 1n feet 

" ow. c wa er ses (rest level) 121 
" daily quantity 1n gallo~s 

Daily footage 
Total failures 
Holes with water but 1nsutt1cient for use 
Holea w'-th depth greater than 300 1 

n " a " " • without water 
" o « " " " with water above 

ff tt " 
300 1 

" with water below 
300' 

"I 460 
21-20• 
38%)4A(/l._ 
si> .. ," 

20~ 
2.2 %} 

) 
6.7i~2~ 

11.1 i) 

The outstanding feature here is the comparatively exceptional 

depths at which the water can be found in this area as e.g. 

1n the boreholes Nos.P365, 9388, 11531 and 12068, the 

respeotive depths being 374 1 , 365', 338 1 and 360 1 , this 1s 

rare and can only be parallellad in the crystallines of the 

Northern portion of the Ma.taking District. Similar to the 

conditions found 1n the latter d1str1ot 1s the presence of 

200-300 1 of superficial deposits on top or the rook itself. 

Another peculiarity of the underground water is its 

saltness. This however it shares with the waters obtained troJ 

other formations which ooour under similar conditions of low 

rainfall on the Atlantia Coastal belt auoh as the Malmesbu17 

Beds both here and 1n the Mal.mesbury District also the younger 
(x) 

granite in the Malmesbury District. 
(w) 

The superficial deposits which conceal so muoh ot 

the older rooks 1n this area a.re known to oontain Caso4 and 

NaOL,etc. derived from their origin 9,.nd subsequent submergence 

under the sea, and it is possible that water percol•t1ng 

downwards from a meteoric origin at the eurtaoe to the site of 

underground storage above or 1n the hard fresh rock beneath, 

must/ ••• 
(x) Explanation Sheet l Cape Town. Chapter on Underground 

(H) D!i~~~~~~~l~i~~NH~5 Dept.of Agr1c - Olifants River SoilE 
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must dissolve some ot these salts. 

KENHARD'r:- Boring results. 

Average total depth of borehole in feet 
~ depth to water 
ff " to which water 1s struck 
" daily yield 
• daily footage 

Percentage of total fA.1lures 
" of holes with insufficient water to use 

Holes over 300' 

~he beet results are obtained from the small nreaa 

of SWaz1land schists, the harder and fresher granites and 

gneisses not proving so favourable and giving rise to pract1c-

ally all the failures. In one oase on the property Hedly 

Plains a hole 1n the hard gneiss proved a failure while w1th111 

a tew yards another penetrating soft schist gave a useful 

supply of water. 

NAMAQUALAND AND BUSHMANLAND:-

Number ot boreholes 
Average total depth of borehole 

1 depth at which water was struck 
" depth to which water rises 
" daily yield 

Percentage of total tai lures 
" " holes with 1nsuff1o1ent water to use 
" " holes not deep enough 
" " " deeper than 300 1 

" • " ~ ff " 

tt " 
" of boreholes with braok water 

Exceptional supplies 

without water 
striking water 
below 300' 
1=•,bove 300' 

149 
162 
122 

81 
21,545 

30) 
10.0)52'% 
12. oJ 
12.0) 

9 l3~ 
12) 
l~ 

0.6i 
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THE VENT1~gSDORP SYSTEM AJfD ITS 

WATER BEA.HING fROfERTIES. 

INTUQDUOTIQ,N. 

Consisting of several groups, for the most part 

of igenous rooks, the Ventersdorp system has a wide 

distribution (Fig.9) and is important as a water bearer. 

As generally represented there is a thick group 

of ancient basic lavas which rest unoonformably upon the 

older systems with or without a basal development of 

sandstone, quartzites and oonglomerates. In addition 

there a.re more limited areas of acid lavas, breocias and 

cherts which sometimes form ridges as on the western side 

of the Schoonspruit Valley, Ventersdorp dietriot, and are 

roost unsatisfactory to drill, though otherwise they are of 

little importance. 

The sedimentary r.ooks are lithologically very 

similar to the quartzites and this resemblance is found 

also 1n their water bearing properties. 

The greater part of the system however ie built 

up of the igenous rooks a..nd the bulk of the water drilling 

has taken place 1n these latter rooks. 

DISTRIBUTION 
The bluish green lavas, generally known as the 

Ventersdorp diabase or amygdaloidal covers a vast region 

from Greylingstad 1n the T11aneva.al south-westwards through 

Clu·istiana. and Kimberley down to the junction of the 

Orange and the Va.al. In the Heidelberg-Greylingsta.d area 

the lavas appear as low ridges which arise out of plains 

of ooa.J. measures a.nd build up the &uikerbosch Hand a.nd 

the Klipriviersberg south of Johannesburg. Reappearing 

again/ .•• 
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again in the neighbourhood of Ventersdorp and Klerksdorp 

they spread out over an extensive piece of country 

bounded on the South by the Va.al River, and on the north 

by Liohtenburg. 

The limit to the west is a.n imaginary line 

drawn from near Hamathlabama. Spruit in the Bechuanala.nd 

Protectorate to a point just west of Vryburg and thence 

following the Ha.rte Valley, the rocks making an irregular 

belt through Barkly West, Kimberley and Herbert. 

Within this area roughly 400 miles long and 

150 miles in greatest width there are a number of inliers 

of older granite and other formations (see Chapter on 

orystalline rocks for these), while there are also 

covering patches of the Karroo system, these become roore 

numerous to the South and East until the voloanio rooks 

disappear entirely beneath this mantle of younger strata. 

Of these detached a.reas at least two are known of fair 

dimensions, one north of the Dwa.rsberg in the W.'I'ranevaal 

and the other west of the D,ornberg 1n the Prieska 

District. 

TOPOGliAf:HY. 

J~oepting the hills mentioned above, and a few 

other low elevations, the volcanics give rise to undulating 

or flat country and over wide areas in the Sout}iTestern 

Transvaal and in Eastern Bechuanaland, there are few 

marked courses, pans are numerous and the run off is 

therefore low. 

Generally there is a steady falling off in the 

amowit of the average annual rainfall from east to west 

Heidelberg with 35" and Prieska. with 12" representing the 

extremes, whioh fact must be borne 1n mind when discussing 

the underground water of this generally uniform formation. 

Grassland with scattered thorn trees in the east passes 

into/ ... 
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into grass with Vaalbosoh (Tharohona.nthus camphoratus) 

in the west and mixed veld with Karroo bush in the extreme 

Sout-west. 

LiTHOLQGY. 

The lava.a are uniform in character consisting 

of blue-green fine grained types of andesites, or rooks 

of mo~e basic composition. They are rarely porphyritic 

with large pale yellowish orystn.ls of plagioolase felspar. 

The ferroma.gnesia.n minerals have been altered usually 

to fibrous hornblende or epidote. 

Some parts of the rock a.re compact and strong, 

other parts a.re markedly a.mygdaloida.l the cavities being 

filled with a.gate, quartz, oaloite or ohlorite. There 

are a.lso hard green volcanic agelomerates and breccias. 

Several thousand feet is the thickness whioh has been 

measured in different places and it is known that this mass 

of erupted matter is not due to one single outpouring, but 

ie built up of a succession of relatively thin separate 

flows which varr in their individual thickness and texture. 

Usually the central portion of each flow is 

more compact than either the top or bottom, amygd.a.loidal 

structure is commonly developed at the base, but more 

distinctly towards the summit of ea.oh flow layer, and 

frequently the rook in such positions is full cl elongated 

steam holes which contain agates and other secondary 

minerals. 

Consequently this rook, unlike the intrusive 

diabases in other series, is not one homogeneous mass but 

consists of layers of varying degrees of hardness which 

fact shows 1n the borehole records. Further there are 

the surfaces of broken continuity between one flow and 

the next, while the adjacent rook on either or both sides 

is frequently porous. These oharaoteristios naturally 

facilitate the percolation downwards and storage of 
rain/ ..• 
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rain-water, particularly so where the formation ha.s been 

tilted. 

The brecciae are generally harder than the lavas 

but break down under the agency of the weather in a similar 

manner. 

The acid lava.s are harder and uuch more resistant 

and 1n roost oases yield little or no water as in the case 

of the tough rhyolites a.nd quartz porphyries to be found 
,S 

in Hafeking District, between Geneta. and Vrybu.rg a.nd a.round 

Wolmaransstad. These varieties are best avoided if possible. 

The sediments which are, in places where they 

are conformable difficult to distinguish from those of the 

upper Witwatersrand beds consist of conglomerates, fP.lspathio 

sandstones, grits, qua.rtzites and more re.rely cherts a.nd 

limestones. North of Klerksdorp there a.re upper sediments, 

limestones and cherts chiefly, and elsewhere in the western 

Transvaal interbedded quartzitee have been noted in the 

lavas. 

Over a very large part of the areas concerned the 

lava. flows are nea.rly·,~lat but in certain belts they attain 

a dip of thirty degrees sometimes even more, as in the area 

south of the Witwatersrand a.nd in the north-western 

Hustenburg District. In the absence of sedimentary partings 

it may be difficult to make out the a.ngle of dip especially 

over flat country with few good outcrops. However it has 

been found possible by following resistant layers or bands 

with some defining peculiarity, to deter·uin~ the dip of 

the fornia.tion. This may prove of great importanoe in 

selecting sites for boring for wate~, because the direction 

and amount of dip influence the water supply nere just as :tn 

sedimentary rooks. 

It is generally found that on the higner or more 

elevated areas the diabase forms ridges or nea.rl;r continuous 

outcrops/ ... 
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outcrops of ba.re rook. It is des.ir:ible to avoid such areas 

1n selecting boring sites as it is found that the chances 

of success here a.re ~m1oh less. In flatter regions,however, 

there is generally a soil covering of a. red to brOffll colour 

and a clayey character, out of which project isolated 

smooth or pitted lumps of lava in a fresh and ha.rd condition. 

Some of these &Te not joined to the solid rook beneath, 

but are residual fresh cores developed by weathering and 

underlain by soft decomposed diabase. Drillers of-ten find 

these hard spheroid.al cores embedded in soft material 

during the progress of a borehole and this so-called 

boulder formation oauses great difficulty. Great variation 

has been fourt« in the depth to which decomposition has taken 

place and also the degree to which it has gone Comrnonly 

the oonta.ot planes between flows are attacked by the 

weathering and a.re changed into water-planes, while the 

softer minerals filling pores and a.mygdales in the more 

amygdaloidal varieties may be dissolved out by the oircule.ting 

waters leaving a spongy mass. 

The inviting looking vleis where it would seem 

impossible to fail in obtaining water in a borehole often 

prove great disappointments because the dark grey to black 

"turf" soil gives way to solid rock at a shallow depth. It 

is probable that this sticky overburden acts as a puddle 

blanket and hinders infiltration. 

In the regions of lower rainfall the calcium and 

magnesium carbonates formed during the decomposition of 

the eilioates in the lavas are not entirely removed in 

solution, but are precipitated 1n the pores and fissures 

of the weathered rook or in the subsoil above, forming sheets 

of porous white limestone, which often oonta.ins- boulders 

and fragments of diabase. For euoh a process to have 

operated/ ..• 
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operated the evaporation of the weak carbonate bearing 

solution must have been extensive, and this naturally 

assumes a shallow depth for the ground water. Consequently 

the presence of suoh deposits of oaloa.reous tufa on the 

diabase, particularly if in restricted areas or narrow bands 

often below the general level, may be taken as possible 

indications of shallow supplies beneath, as it has been 

noticed that springs 1n this formation often issue from soil 

or rubble highly impregnated with lime. 

The tufa sometimes attains a great thickness -

over IOO ft - and it would appear that these deposits had 

been formed to the detriment of the ground water for the 

yields of the boreholes which penetrate such abnormal 

quantities of tu.fa are decidedly low 1n many oases. 

Sometimes the lime is derived from extraneous 

sources as along the Kaap Plateau and ea.st of 1fafeking where 

lime charged waters from the higher dolomite have covered 

the diabase with calcareous tu.fa. 

THE Q,UAH.TZ POJjPHYRn~s AND AC&D LAVAS: 

These compact acid lavas are generally confined 

to the lower part of the System and have mostly been b.lried 

under the sediments or diabasio lavas, consequently they 

have a limited distribution wb!oh is fortunate as they are 

generally hard fine grained rooks which are practically 

waterless. 

The large area between Vryburg an.d Genesa has 

been searched for water and of the number of attempts made 

by the drill to find it 1n this hard and compact porphyry, 

most. were without success. 

Further areas of porphyry are near Modder River 

Station in the Kimberley District, Omdraa.i Vlei. The 

hardness of this rook has been responsible for the oonspiuuous 

llakwas s 1 / . . . 
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Makwassi Hills near Wolma.ransstad. 1n the Northern 

Hustenburg District there 1s a.n interrupted narrow belt 

of hard acid lavas and breccias along the northern edge of 

the Bushveld syncline :from Derdepoort on the Marico River 

to near Vliegepoort on the Crocodile River. 

TH,1\ VElfTEfl§.OORP SYSTEM 

(1) In the T;a:qsvaaJ.. 

(a) The South-Western corner. 

The area lying between the towns of Wolma.ransstad 

and Vryburg and extending northwards towards Lichtenrurg 

and Ma.faking is classed as high veld having an elevation 

of 4,000-5,000 feet above sea level. The country possesses 

a gently undulating character with belts of small trees 

and bush soattered throughout. With the exception of the 

Malcwassiberg east of Wolmaranssta.d there are no conspicuous 

hills. The general slope of the land is towards the south­

west and it is intersected by shallow valleys draining 

southwards into the Vaal River. 

The principal rivers a.re :- the Makwassi Spruit 
~ 

which passes through Wolma.ra.nsstad; the Banboes Spruit 

situated a few miles further west; the Harts River whioh 

rises in the neighbourhood of Liohtenburg and passes through 

Sohweizer-Reneke; and beyond the boundary of the Transvaal 

the Dry Harts which passes through Vryburg. Thus it is 

seen there is very little surface water apart from p8lls whioh 

are numerous and the area has depended on drilling for water 

for its development. 

outcrops of diabase are fairly numerous in this 

area; but there are considerable stretches covered by 

excellent soiljwhich is responsible for the good quality veld 

obtained here. The soil is ma.inly from the decomposition of 

the diabase. 
Boring/ ••• 
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Boring for water has been extensively carried out 

1n this area,a total of 2494 lx>reholes having been completed 

since the date of Union. 

The average figures for the whole area is as 

follows:-

Total number of boreholes •.• •.• .•. • •• 
Average total depth in feet •.. .•. • .• 
Average depth at which water is struck in feet .•. 

" st to " water rises( rest level) 
in feet •.. 

Average daily yield pumping inggallons 
Percentage of failures 

2494 
97 
67 

38 
20,500 

22 

Of the failures; 54% were total failures giving 

no water whatsoever though drilled down to below the average 

depth to the water; 19% were not deep enough generally 

abandoned by the owner of the farm or due to mechanical 

difficulties making it advisable to bore elsewhere; and 27% 

struck water which measured less than 1,000 gallons per 24 

hours. 

Among the successful holes are 15 having a 

capacity when pumped of giving I00,000 gallons per diem or 

roore. Flowing holes only average O. 2'/o however. Only O. 3% 

of the noles were drilled 300• or deeper and of these more 

than half obtained water above that depth. 

In general in this formation water is to be found 

at a oompa.ratively shallow depth and the drilling is fairly 

rapid and cheap. 

VEI'lTERSDOHP DISTRICT 

Seventy-two boreholes have been drilled in this 

formc~tion 1n this area and the averages a.re as follows:-

Average total depth of borehole in feet 
Average depth at which water was struck 
Average depth to which water rises rest 
Average daily yield in gallons 
Percentage of failures 

. . . ... . .. 
1n feet ..• 
level in feet 

Of I ..• 

IOI 
65 
46 

18,000 
12,?//o 
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Of the failures 33iwere total failures, 23'-p 

struck water of no praotioal value and 45% were not carried 

deep enough for various reasons. 

Only one borehole attained a greater depth than 

300 feet, but water wa.s struok above that depth. One borehole 

yielded I00,000 gallons per diem. 

Generally, however, in spite of the rainfall in 

this area the yield 1s below the average for this formation. 

:_t\h to 
ala 

Summary of reported yields 1n the Ventersdorp 

Volcanics of this area:-

fo\al lo. tielcl p• IA hom-1 ln pllona. of 'boi-e-
holes f:roa 
which m- Up'° 1- IO- a>- 3). 40- 50- tl>-1 .. ,. fonaiion IOOO 10.000 z.ooo 30,000 40,000 00.000 tll,000 100,000 ... 
obW-4. 

Up ta 60 17 3 8 4 3 
50-100 34 2 IO 11 8 2 1 
IOO-lSJ 9 7 1 1 
150-3:x> a 2 

ffl1?J.LS 82 2 aa 18 12 3 3 1 
,, , 

KLlfil(SOORP 

Klerksdorp is the district with the highest 

individual average quantity of water per diem, viz:-

Total number of boreholes from which information 

1 

1 

was obtained . . . . .. . . . 477 
Average total depth in feet rof borehole .... 
Average depth at whioh water was struck in feet 
Average depth to which water rises rest level in 

. . . ... 
feet 

95 
69 
39 

Average daily quantity of gallons . .• . .• . .. 22,200 
Percentage of failures 24 

" " boreholes deeper than 300 1 . . . 0.2 
" u flowing holes. . . • . • • • ... D.6 

Average annual rainfall . . . . .. . .. 20-25" 

Of the failures 64iwere total failures 17~ struck 

water of no practical value and 19 f(J were not drilled deep 

enough. 

The average daily yield is above the usual and the 

average depth below, otherwise results are fairly oonsistent 

with little that is exceptional. 

Sum!~Y/ ••• 
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SUMMAllY OJ' RESUL!S II !'BE KJ.EBJSTOtrf DIS'fRIC!. 

!2!.J?th of ..... 0-60 51-IOO IOI-150 151-a>o 3)1.25() ~ 

Total DUllber of 
bolea f:roa wbioh 13,t la> 33 8 1 358 
infonation wu 
obtaiaed. 

) 
!!!.. to 1000 l•J?• d.•) 3 3 1 1 8 

) 
1.m,000 ) 37 62 13 6 118 

) 
xo-m1.ooo ) 33 38 9 1 81 

) 
z-m1000 ) 23 35 3 81 

) . 
~.co, d 13 12 3 28 

40-60,000 ) IIO IO 11 2 23 

) ~ 
~~.ooo ) .& 6 3 8 

9">•?0t000 ~ ;c 3 1 4 

70-a, I ()(JO > l ' IO 1 17 
) "' 

,!":.00,000 
) 3 

3 3 6 ) ,.. 
) 

2 a 90-I001000 ) 

LICHTENBUI1G 

The greatest number of the boreholes a.re situated 

in this district, since it is the largest of those dealt 

with. 

The averages are as follows:-

Total uumber of boreholes from which information 
was obtained 

Average total depth of boreholes in feet. 
Average depth at which water was struck in feet. 

" " to which water rises rest level in feet. 
Average daily quantity in gallons 
Percentage of failures 

" of boreholes deeper than 300 feet. 
" of flowing holes 

Average Annual rainfall 

828 
98 
70 
37 

21,500 
17 
.1 
.5 

20ft 

Of the failures 64'7~ were total failures 30% gave 

insufficient water to be used and 67~ were not deep enough. 

The above adheres closely to the general average of 

the whole southwestern area. 

In the deep hole water was struck at 68' 
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SUMMAllT OF BISUL!S. 

Obtaf.Aed. la the Liohtenbu.rg Diauiot • 
. 

~th to 
........ in. 1 .. ,. 0-50 51-JOO IOI-150 161-a>o a>l-350 

!lJtoIOOO) 8 6 6 
) 

1-10.000 ) 10 132 39 4 
) 

IO-a:>1000 ) 59 98 a, J 
) 

Z-301000 ) G 43 12 4 
) Qumtt.'7 

30-401000 ) 18 a> a 
) la 

40-501000 ) 22 18 • ) plleae 
so-m1000 ) 17 6 1 

) ])ft 
8'• 70 I 000 ) 3 3 1 

) u •. 
10-00.000 ) 7 16 1 

) 
a>-9:>1000 ) 8 3 

) 
00-100. 000 ) 3 

) 
I00-IIO 1000) 1 3 

) 
110-12>,ooo) 1 

Total DUIIOer of 
borebolH fl-oa wbloh 251 86 IO 

Wonaa~iOA la obt&ine4, 

SCffiVEIZEH HENE!(i. 

Total number of boreholes from which information 
was obtained. 

Average total depth of boreholes 1n feet. 
H depth at which water 1s struck in feet. 
tt depth to 11'hioh water rises {rest level) 1n feet 
" daily yield 1n gallons per 24 hours 

Percentage of failures 
r• 11 deep holes 

Average annual rainfall 

T()fALS, 

17 

346 

179 

IOO 

38 

44 

33 

7 

23 

8 

2 

3 

l 

890 

284 
106 
66 
50 

16,400 
30 
.7 

l7tt 

The failures which are high in comparison with the 

general average are divided into 50~ of total failures, 31~ 

in which a supply of water too small to use was obtained, and 

19% which were not carried deep enough: 

In the deep holes 50% were total failures and 50% 

obtained water above 300 feet. 

There were 5 boreholes which yielded I00,000 

gallons per diem and over. 
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SUMM&RY 07 B.ISUL!S 01 BORIIG JOB WABR II !Bl 

S::H1Etn'R RCHKE DISflUCT. 

~\hton.ter 0-50 51-IOO IOI-150 
-1 •• i. 

!oial JIUU• of boi-ebol•• 
lros wliioli lr.foru.Eio.11 
wu obtained.. 48 110 3) 

YE to 11000 ) 6 ' 2 

1-10.000 
) 
) 15 42 17 
) 

13 31 IO-a>• (XX) ) Ylel4 1 

~.ooo 
) 
) 6 18 3 

30-401000 
) 

a 7 ) 

40-!0aOOO 
) 

1 5 1 ) 3'••· 
~-«>.ooo 

) 
) 
) pmpbg. 

«>-10.000 ) 

70-&11000 
) 
) l 
) 

l a>-111000 ) 
) 

3 3 90-I0010CO ) 

WO Ll..!AHANSS TAD • 

151-Z,O 

8 

l 

' 
3 

Total number of boreholes from which information 
was obtained. 

Average total depth of boreholes in t~et. 
" depth at which water wae: struck in feet. 

a>l-350 

2 

1 

1 

" depth to which water rises rnst level in feet. 
Average daily quantity in gallons. 
Percentage of failures. 

" n deep holes, i.e. deeper than 300 feet. 
Average 1..nnutl ;:a.1n!all. 

!OfJ.LS. 

198 

13 

79 

56 

26 

9 

7 

3 

l 

6 

494 
86 
54 
30 

17,600 
25 

4 
22.7 1 

The failures here divide up into 53~ total failures, 

40% with insufficient water to use and 7% which were not 

deep enough. In the cr..se of the deep ooreholue 505t struck 

water a.ta greater depth than 300 feet and 50% at a. shallower 

depth. 

Summary/ ••• 
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St,~y or RISUL!S - IOLMaltAISSTAl) D!l!BICt. 

~thtowuer 
in feet. o-so 51-100 IOI-150 151-3JO 

Total n11Dhar of 
'&ireliote, lioii which 
izatormation ... 1~ la? 31 
ob•a.t.gcl. 

!!E io leOOO ) 6 9 
) 

1-101000 ) 50 &) 33 
) Yield.a 

ro-a;.ooo ) 26 as 6 
) per 

a,-301vJO ) 19 9 
) 24 hour• 

X>-toaOOO ) .8 11 1 
) in 

40-50.000 ) 9 ? l 
) gallo:Aa 

50-Qi,OOO ) a 2 
) 

Sl-?01000 ) 
) 

70-al. {l")() ) 3 1 
) 

80-90.000 ) 3 3 
) 

~mo,ooo ) 

BIDIMl>F AID CBRIS!'IAIA.a• 

To•al number of borebolH flto■ which intonation wu takau 

Anrag• "otal depth of borehole• lA feet 
A.Te!'age depth at which water wu siruok lA fNt 

ATerage clep'11 to whloh WMer :rite■ rest leftl la fMt 

" dall.7 qU11UUt7 in gallou pe 24 laour• 
Perc•MS• of fallun11 

" " cleep :bole• (o•n 300 fee\) 

!Tera,• ammal rainfall 

3 

1 

1 

1 

a>l-250 

InnaUgaUng ~ fallurea lt ia fO\'llld that 391,' are total fallUN•• 

1'Q!jJ:,S 

15 

133 

58 

29 

18 

17 

5 

4 

5 

338 

IOO 
?0 

43 

21,Sk)() 

26.~ 

•• 
17.1 Su 

~ 

ha.ve iuu.tfioi•t water for pnotioal UN ad. 33 ~ hoe notl been oanied. d.Mp caough.. 

SUi,IWlY or RESULH, BU>DB)F .DD CHRISTIA.11. 
41&J.m ~ 1'IIUlmDI. 10!'.ALS 

!2!2th ~ watel' la fed 0-60 50 .. 100 100-150 1!50-3)() a.)0..2&) 260-roQ 

YI? to 1,000 ) 2 3 3 7 

1-I01 (')(X) ) 33 59 19 5 116 

10-a),()(X) 
) 18 40 4 3 64 ) Tielcla 

a>-30,(X)() ) 9 22 5 38 

30-40.000 ) f• 6 11 l? 
40-601000 ) 8 11 3 22 

60-8>.CXX> 
) 24 houn 3 1 2 12 ) 

Sl-"101 ()('() ) 1a 2 l 3 

10-a:>,ooo ) 3 5 8 

00-90,ooo 
) Wl.ou 3 3 6 
) 

!k)..1001000 ) 4 2 8 

roo-1101000 ) 1 1 
TOTALS 92 163 36 1 298 
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GENERAL:- (1) It is well known that the whole of the 

area under discussion is covered by innumerable small 

outliers of Karroo series,a fact demonstrated by the bore­

hole records where varying thicknesses of sandstone,shales 

and conglomerates a.re frequently reported as lying above the 

diabase. The presence of these sedimentary strata do not 

appear to have any influence on the water bearing capacity 

of the diabase in any way, however, as large and small 

supplies are obtained from the diabase, eto., beneath 

this covering with equal degree of variability as from the 

boreholes in which diabase only is reported. 

(2) A further point of interest is the fact 

that the rainfall is reflected to a certain extent 1n the 

underground water, e.g. 

Klerksdorp Annual Average l~infa.11 25.2" Average daily yieJ.d 
per bcrehole 22,200 Oa.lJ 

Lichtenblrg do. 23.7" do. 21,500 
Wolmarnnsstad do. 22.7" do. 17,600 
Schweizer Reneke do. 17" do. 16,400 
Ventersdorp do. 25" do. 18,000 
Bloemhof & 

Christiana do. 17.1" do. 21,900 

These last two districts however do not follow 

this rule and it is probably due to the faot that in the 

case of the former district the situation of the rock forming 

higher ground with the river valleys cutting through to 

older rocks beneat);>. has the effect of draining the under­

ground supplies to a certain extent. In the latter 

districts the presence of the Va.al river must have a 

beneficial effect on the underground storage as it would act 

as a zone of replenishment to the rock. 

Analysing the results still further it is found 

that the earlier holes generally give better averages than 

the latter(x), and that there is a drop in the quantity per 

diem per borehole, rut many factors play a pa.rt in this, 

x See also du '1'oit Borehole Water SUpp ies in the Union 
of South Africa. Trans.of S.A.Soo.of Civil Engineers,1928 

II 

I! 

" 
tt 

" 
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such as the extension of drilling operations into less 

favourable areas, and years of rainfall above the average, 

etc. It will be noticed that in the case of the Wolma.ra.na­

sta.d, Bloemhof and Christiana Districts there bas actually 

been a rise 1n the last period calculated which would show 

definitely that the underground supplies are not 

diminishing. It is thought that improved methods of boring 

have made it possible to get more water from each hole, 

the fact that boring machines go deeper is really no help 

because the increase in the average depths of holes is very 

slight. 

SEE TABLE l. 

( b) THli; AltEA AlJ)Ulm JOHA?m·ESBU,Jg. 

The volcanic flows have an aggregate thickness of 

several thousand feet and oooupy a considerable extent of 

the surface near Johannesburg, resting immediately upon 

the uppermost beds of the ~itwatersrand system and dipping 

beneath the Dolomite of the Klip Hiver Valley. The outcrop 

extends from LuipardAvlei in the West to Finaalspan 1n the 

1~ast and includes the rough ground known as the Klip--Rivers­

Berg. 

Another occurrence of this rook, small in size 

but important, begins in the east at Kernpton Park and extends 

westwards through Bezuidenhout Valley and beneath Park 

Station to Bra.a.mfontein. This latter is decomposed to great 

depths in places, especially the western section, and many 

of the large Johannesburg buildings derive their supplies 

from boreholes in this rook, yields of up to 4,000 gallons 

per hour having been obtained at an average depth of 

200-300 feet. 

The general averages are as follows:-

No./ •.• 
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tiBtZ I. .ADUAt A.n?taJ JIDI IBIWS D fJII mmtsmtlP DIAB•SI JOR Cli.>JBIS>•. 

DIS!RJm DAB 1904-1919 DAR 193>-1926 D.l1l 1928-193) 

lo.of Depth Qam\1\J" la r..t.1- So.of Dap\h Qaatl '7 la Pall- ao.ot Deptll Qamtit., hll-
bolH la, .. , pllou po .... br>lN ln feet. pllou,. ,.. .. holN. la, .. , lapll.a .... 

31 hours 3' ..... pe3'bra. 

llabNlo~ 155 94 26.010 tll 96 a:>.450 112 91 118,310 

Lloh'-'-a 478 94 22,«>o 1~ llS 1M 21,100 - 101 llO 15,CX> -
Venteradorp a, 83 21,1'0 - 3) 98 17,840 • 22 121 14,&xl ~ 

Bloellhof It 
Cbrlatbna 170 102 22.900 ~ 86 93 18.500 3'~ 11 110 21,000 31~ ·~ 189 84 21.000 ~ 66 90 11,000 - 131 90 15,b> .,,,. 
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No .of Boreholes . . • 21 
Average total depth of borehole in feet . • • • . • 150 
Average depth at which water is struck in feet ... 82 

•
1 u 1!o u " rises( rest level) in feet 38 

Average daily yield in gallons per diem pumping ... 16,400 
Percentage of failures . • . • . • . • • . . . • . • Sy~ 

" " boreholes deeper than 300 feet ... si 

The failures are total failures and the deep holes 

struck water before 300' was reached. 

THE;'HEIDELBERG AflEA:-

West of Heidelberg the Voloa.nics also cover quite 

a large region forming the chain of hills known as the ZUiker­

boschrand along the Zuikerboaohra.nd River, above its confluence 

with the Blesbokapruit. The lavas measured from the Eleburg 

series on Driefontein Uo.28 to the commencement of the 

sedimentary series of the Venteradorp System near Fortuna 

Station have a thickness of about 5,000 feet and dip at 

angles from IOO to 40o. 

Averages:-

Number of holes 
Average total depth of borehole in feet 
Average depth at which water is struck 

tt n to " " rises rest 
Average daily yield pumping in gallons 
Percentage of failures 

20. 
I05 
67 

level 31 
15,400 

15% 

( o) IN THE NORTHERU TRA.l'ISVAAL, RUSTENBURG & MARIOO DIS TRIO! 

These boreholes are situated in the North West of 

the Transvaal where the Ventersdorp sediments and Volcanics 

extend between the old Granite and the Black Reef Series, 

though over broad belts much or all of the strata may be 

hidden by deep soil, so that without detailed examination of 

every core or tailing from ea.oh hole, 1 t is sometimes 

doubtful as to the exact nature of the formation pierced. 

The annual aver8f3 rainfall is from Z5 11 - 30n and it falls 

during the summer month chiefly in the form of thunder 

storms with heavy precipitation and large run-off. 

The series OQnsists of a lower division of quartzite& 
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quartzitic sandstones, grits and conglomerates which are 

fairly thick and dip to the southwest at various angles 

from 12 - 40° • The upper division consists of voloanios,, 

basic 1n the lower portion and acid above. 

Records of 56 boreholes have been obtained and the 

averages calculated as follows:-

(1) Fo;,: the sedimen.tau group :- 24 bQ11holt•· 

Average total depth 1n feet . . . . .. 
*' depth at wldoh water is struck in feet ... 
" " to " " rises in feet(reet level) 

Average daily yield pumping in gallons 
Percentage of failures ..• . .. . . . ... 

" " holes deeper than 300 feat •.• ... 

176 
130 

91 
22,IOO 

7 
Nil 

Of the failures 40p did not attain a depth sufficient to 

e%haust the chances of striking water. 

(2) Fot the YQloan!o gipup:- §2 )X)rehom. 

Average total depth in feet . • • • • . • .. 
0 denth at which water is struck .. 1n feet ..• 
n ,.- to O " rises(rest level) in feet 
" daily yield pu.mping in gallons 

Percentage of failures 
u n deep holes 

159 
116 

79 
13,900 

soi 
3% 

Subdividing the failures 13% a.re of insufficient depth,. 31% 

strike water which is of no practical use and sei are totally 

dry. 

The deep holes derive their water from a depth lees 

than 300 feet. 

The contrast between the two groups is illuminating, 

The porous jointed group of quartzites, shales, grits and 

conglomerates proving a better aquifer than the lava. flows 

with their weathered contacts between successive sheets under 

similar conditions of topography and rainfall. 

2. THE VEUTEHSDORP SYSTEM iN THI~ NORTHERN CAPpg 
PROVINCE. 

This area. of which the Vryburg and Ma.faking 

districts comprise the greater pa.rt, forms the geographical 

and geological continuation of the South Western Transvaal, 
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and from Taungs and Fourteen streams the now contracted 

belt of Venteredorp rooks extends.down the Va.al Harts Valley 

with minor exposures just within the boWldary of the Orange 

Free State through the districts of Barkly West, Kimberley, 

to Prieska. The system is divided into two main groups, 

the Zoetlief series at the base and the Pniel series over­

lying unoonformably. The former occupies a very restricted 

area. 

The nor1.1al blue a.>1ygda.lc idal lavas are often 

interbedd.ed with ci:iarso 1Jreoc ta.a ttJld :flne-grained tuff s, as 

in the Hope Town and Herbert U1at:r1cte, wl1ere a band of 

coarse volcanic breccia, 50-IOO feet thick with many 

fragments of a mo:re acid variety o:r lava tha.n the usual 

diabase covers a wide ai·ea and lies immediately above the 

quartzites of the lower part of the series. 

The largest a:rea occupied by the Pniel lavas, though 

in parts thinly covered by later formations, is that of the 

Va.al-Harts Valleys. West of Vryburg they are met .with at 

Ta.koon, where they foru a narrow belt consisting of a. thin 

layer of lavas lying between the Blaok Reef and the Granite; 

they thicken eastwards by the coming in of more lava.a and 

sometimes flagstones. For some thirty miles north west of 

Vryburg they rest upon the Zoetlief quartz-porphyries and 

overlap them at either end. The ~niel beds stretch 

continuously from Ta.koon to tl1e •rransva.al border near 

Vryburg, a distance of nearly eighty n1iles. 

Horth of Vryburg the belt is 37 miles wide a.nd it 

rests on the 0rysta.llir1es. Al though in the basin of the Molopo 

south of 1\f.a.retsani the older rooks are exposed, between 

Setla.g'Oli and Hosita an outlier of the lavas, together with 

the other rocks forming the system, has been preserved in a 

synclinal fold. 

Pniel beds, consisting of both lavas and breocia~ 
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again occupy a large tract of country from Maretsa.n:1. to 

beyond Mafeking while the town itself is built on a massive 

coarse conglomerate at the base of the formation. 

Immediately south of Vryburg_ the Transvaal system 

and the Dwyka cover the voloanio rocks for some distance, 

but the latter appear on the Transvaal border and extend 

without a break in a South-south-west direction to beyond 

Barkly West. South of Barkly West they are covered over in 

wide areas by the Dwyka, which still partly fills the Pre­

Karroo valley now being re-excavated by the Harts a.nd Vaal 

Rivers. The whole series in this area is bent into a very 

low anticline, trending South-south-west, at Ki~berley it 

reaches a thickness of nearly 1,580 feet, including some 700 

feet of quartzite at the base. 

The rocks a.re exposed now and then along the same 

strike as far as south of Maritz Da.m, and evidently lie at 

sha.llow depth under the greater part of Herbert and Hopetown 

Districts. 

The series has been nru.oh fault-sheared in Prieska, 

especially near the ju.notion with the granite so much so 

that in places the lavas have been converted into slaty 

phyllites in which the amygdales forms eyes. 

In the Mafeking and Vryburg districts 240 boreholes 

have been drilled in this formation. The averages are as 

follows:-
Mafeking 'h7'urg 
Di■trict Dlablct 

iru.ber of 'borehole• . . . . . . . .. ... . . . ... 48 195 
ATeHp to\al depth of borehole ln feet ••• ••• . .. • •• 140 I00 .. depth aia which wa~er waa nruok 1n fee, ... . .. 95 10 

" .. \o which water rhea reat lenl 1n feel ... 85 50 
ff d.ail:, yield rumping in gallou . . . ... 23,600 18,400 

Fercedage of failures . . . . . . . . . . .. . . . ... 29 23.6 

" " deep hole• . . . . .. . . . . .. . . . ... lil. Ill. 

Rainfall . . . . . . . .. . . . . . . ... 22" 12" 
Anal7■ia of failures (1) Totally dry .bolea . . . . . . ... 43'1 3~ 

(2) HolH not de~ Clough . . . ... 71/o 37" 
(3) Borehole• strike water of no 

practical Talue ••• . . . . .. 50" 28'~ 
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SUMMARY or RESULTS ODTAIIED Di TliE VRTBtllG DIST. 
MfllX pp.A-Uwa.lUIW 8WWh. 

ffif.ALS. 
~th \o 
water in feet. 0-50 51-100 IOI-150 151-ax> 3)0.25(') 

!!I - 1000 a 5 1 8 

1-m1000 Yield 18 40 14 4 1 7? 

10-a:>1000 per 8 19 4 2 33 

3:>-301000 24 8 3 4 16 

30-40,000 
hrs 

6 8 2 15 

40.50.000 3 1 l 5 

so-eo,ooo pumping 
l 1 

60-10,000 1n 1 l 

70-801000 gallons 6 1 6 

!IX>I.A.LS 49 78 37 6 l 161 

The lower s:v-erage yield per borehole in Vryburg can 

be partially explained in the light of the lower rainfall 1n 

that area. A further explanation lies in the fact that 

observations show that where the lavas have been recently 

stripped of a ocveri11g of Lower Karroo the yields are generally 

poor, as at Vryburg Railway Station, Hayfield, Kalabas Kop 

and Thornhill, etc. 

In the majority of these boreholes a covering of 

calcareous tufa is reported. This varies from a few feet to 

as mu.oh as over IOO feet. It would appear that this mantle 

generally has a beneficial effect on the amount of water 

available, but when very thick it would a!)pear to be the 

opposite. 

COHOLUSIOJt~:-

The formation as a whole is an excellent under­

ground water carrier, as the yields are fairly consistent, 

the depth to the water generally not great and. the failures 

comparatively low. 

To improve the peroentnge of ~~ccese fresh rook 

and highly decomposed rook should be avoided as well ae areas 

where/ .•• 
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where the tufa covering is ve~, deeu. ,_ .- ,..., 

The a.mount of rainfall affects the yields in this 

formation 1-'1 the same way ae it do~a those in the Crystalline 

rocke and the Dolo~ite, but only up to a certain point. If 

dennmposition has gone too far the r.aovement of waters under­

grnund is impeded and the i."lfiltra.t1on into the hole suffers; 

in ·this res-;,eot the lavas are similar to the Crystallines. 

On the other hand if the rook ts very fresh the waters also 

can.not rnove. ln quantity however nuoh the r3,infa.ll, &1.d low 

yields resu.l t. 

Deep lx>ring has not :9roved of any value in this 

formation as n~re than half the successful holes carried 

deeper than 300 feet have obtained their supplies at depthS 

shallower than that. 
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UNDERGRQUND WATER BEARING PROPER'l'IES 

OF THE DOLOMITm. 

INTRODUCTION. 

As almost all the large rivers ot the Transvaal 
(l) 

have their sources in this series, much has been written 

about the underground storage of water 1n this formation and 

a lot of investigation and guaging has been done tor the 

purpose of utilizing the many large springs tor 1rr1gat1on. 

Most ot this deeJ.s with the springs and their outputs, 

however, the pu...~ose here is to deal with the general 

underground water conditions and the likelihood ot suooess 

that the attempts to exploit them by dr1111ng,etc., will 

meet with. 

Dolomite 1s a sedimentary rook composed ot carbon­

ates ot lime and magnesia, with subsidiary amounts ot 

manganese and iron either as carbonates or oxides and a 

little silica. The proportion of the two principle 

carbonates varies greatly. 

This hard blue to grey rook has a texture some­

what similar to limestone, though 1n a oharacteristio 

curYed and rhombohedral cleavage 1t differs slightly. It 

is reputed to have a higher porosity than calcareous 

limestone, but determinations carried out on South African 
(2) 

samples show porosities varying from O.<>°fe - o.~. 
The dissolving action of meteoric waters, which 

generally contain co2 1n solution, on limestone and dolomite 

1s well known. Generally a11 the Caco2 is carried away in 

101ut1on/ ••• 
(1) 

(2) 

,s 
A.L.Hall, Geology of the Hennops River AJu\~Rep.1904. 
Humphrey.Geology or the Klip River Ann.Rep~l9Q9.Geology 
ot tJle S.W.Portion of the Marioo D1st.Ann.Rep·;l908. 

\ 

A.L.du To1t.Explanat1on to Sheet 52,Johannesburg Under-
ground waters in the Dolomite also Geology of S.Afrioa. 
E.T.Mellor. Geology of the Central portion of the 
Potchefstroom Dist.Ann.Rept.for 1907. 
Rapt.of the Kl1p River Investigation Committee,Pta.1910. 
Interoolonial Irrigation Rept.1905.Pta. 
W.Wybergh. The Building Stones of the Union ot S.Atrioa 
Memoir 29.Geologioal Survey. ' 
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solution while the MgC03 iron-oxide, silica, and the 

hydrated oxide of manganese (Wad) contained 1n the dolomite, 

together with the silica of the chert bands, the olay of the 

interbedded shales and the de~ompos1t1on products of dykes 

intersecting it)remain behind. 

A portion ot these weathering products tills dry 

fissures 1n the dolomite, but mostly they torm a layer ot 

red soil and chert fragments which cover the bare rock. 

This layer varies in thickness trom a tew inches to several 

teet, when it is absent the rock lies exposed with a 

characteristic wrinkled and turrowed surface which gave rise 

to the name ot 10litants Klip". 

The porosity ot the dolomite (mentioned before) 

is not sufficient to explain the large quantities ot water 

stored 1n this rook so the network ot tine cracks and 

fissures intersecting the rock has to be considered as well. 

These cracks and fissures which decrease in depth allow 

rain water, full of dissolved carbonic ao1d gas derived 

from the atmosphere, to percolate 1nto the rook mass and 

dissolve lime from the dolomite. This reaction goes on 

continuously and indefinitely as witnessed by the lime­

content ot dolomite waters. 

Once the fissures are large enough, surface water 

can flow in them as is seen during storms,etc., when large 

flows disappear into this rock. Instances have been 

recorded where rivers have been engulfed and continued their 

oourae subterraneously, and the whole nature of a stream 
(x) 

can be changed when it flows over this rook. The chemical 

action is now aided in its erosive powers by the mechanical 

action of sand and stones. Fissures change to galleriee 

and caves are formed. The undermining action is :rurt,her 

aided/ ...• 
(x) Explanation to sheet 53. Ventersdorp: Dolomite and 

Underground water, by H.F.Frommurze. 
H. Hanger: Underground erosion 1n the Dolomite. S.At. 
Geographical Journal,,1922. 
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aided by the collapse of the upper layers. 

These underground courses tollow the most 

tortuous paths and are impossible to trace trom the surface. 

Their existence, however, 1s well known and many can be 

inspected. on account ot this phenomena this formation is 
J:->vv-~-"~ 

the only one where the law recognises that underground 

water may travel 1n 1known and defined channels". An 

inspection ot any series of caves will show the irregularity 

of the subterranean course. The tlow ot the stream may be 

interrupted by cascades and rapids, caused by intrusive 

dykes or masses of tallen rook debris. A dyke or tall ot 

rock often closes the channel altogether and the stream will 

then find another outlet, the old spring would then be said 

to have dried up. This coupled with the unceasing downward 

trend of the chemical and mechanical erosion is an ever 

present danger 1n the dolomite and should be thought ot 

when towns depend tor their water supplies on springs 

issuing from this series. 

Often the roofs of the caves tall in and these 

large subsidences are known as "sink-holes" or "wonder gats" 

many or whioh are to be found 1n the Transvaal, often dry, 

but sometimes they still contain large supplies of water. 

(l) 
DISTRIBUTION: 

In the Transvaal and Orange River Province the 

Dolomite follows oontormably upon the Black Reef Series, 

sometimes with a sharp boundary, sometimes by means of 

passage beds. It encircles the Bushveld Region making an 

outcrop trom 4 to 12 miles wide, though broadening extensive• 

ly 1n Marioo and Liohtenburg and carrying many pana. It 

is obscured by Waterberg Beds 1n the neighbourhood of 

11:111rm,a1, , , 
(1) Handbuoh der Reg.Geol. The Union ot S.At. A.L. Hall. 

The Dolomite Series. 
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Nylstroom and by an extensive covering of Karroo Strata 

between Delmas and Carolina, the limit ot the basin being 
(2) 

indicated by deep borings in Bethal District. 

Between Randtonte1n and Ventersdorp the central 

region is all but separated from the large auxiliary basin 
(3: 

ot the Potchetstroom district by a narrow sagging anticline 

of Black Reet Quartzites, and the Dolomite splits into two, 

one arm going 1n a south-westerly direction down the Mooi 

River and across the Vaal t,o Vierfontein, while the other 

follows the Klip River to Vereeniging with a subsidiary 

basin between Germiston and Heidelberg. 

The southern side ot the Potohetstroom basin has 

been twisted up 1n the doming of' the Parye granite region 

and the Dolomite standing on edge or even overturned passes 

beneath the Karroo. Borings at Kroonstad have proved it at 

a depth ot 1,000 teet. 
(4) 

The Dolomite basin in the East Rand mining area 

has proved important as its fissured and water-bearing 

nature has led to ditfioulties 1n shatt sinking and high 

pumping ooste. Isolated strips ot dolomite are found 1n 

the Bushveld on the Crocodile River west ot Boahott•s Berg, 

west of Warmbaths and at the Junction of the Elands and the 

Olifants River. 

In the Cape Province the Dolomite is called the 

Campbell Rand Series and builds the Kaap Plateau with a 

maximwn width ot 80 miles, bounded b: a rocky escarpment on 

the south-east and by ranges ot Griquatown Beds on the west. 

To the north the Kalahari beds cover the series except at 

(2) 
(3) 

(4) 

Mol'Okwen./ ••• 

Du To1t. Geology ot S.Afr1oa. 
Explanation to Sheet 53. Ventersdorp. H.F.Frommurse. 
Chapter on Underground Water 1n the press. 
Explanation to Sheet 52. Union Geol.Survey.A.L.du To1t. 
Chapter on Underground-water 1n the Dolomite. 
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Morokwen. Borings on the Maf eking border show the rook 

to be present at moderate depths. 

West of the Kuruman Hilla the Dolomite oomee to the 

surface 1n the Postmasburg 11..aremane anticline. There 1s a 

further ooourrence near Prieeka. 

LITHOLQGI: 

Du Toit estimates the thickness of theoe beds 1n 

the Transvaal to vary from 5,000 feet 1n the west down to 

about 120 1 1n the east. 

The series 1a composed entirely ot well-bedded 

magnesian limestones with subordinate bands ot chert,. The 

limestone oocurs 1n solid beds of blue-grey, compact, or 

minutely crystalline rock, pink red and purple varieties 

also occur. The chert, is white grey or blailt 1n colour, 

and is present as layers ot varying thioknese up to several 

feet following the bedding and as large irregular masses or 

veins generally more abundant in the upper part ot the 

ofrmation. In the lower part of the Dolomite eepeoially 

1n the Cape Province layers or lenses of shale are common 

and an occasional quartzite band. In the west and north 1n 

the Transvaal a banded ironstone horizon is daveloped. 

WEATHERING: 

The blue-gx4ey 1->ook weathers to a. brown colour, 

with a wrinkled, corrugated, charmelled appearance from 

which the name "Olif'ants k"lip" ha.a been e.er1 ved. The brown 

colour is due to the oxides of iron and manganese derived 

from the weathering of the small quantities of the oarbon­

atea of those elements present, 1n the dolomite. By the 

removal or the soluble calcareous portions the siliceous 

and oherty bands and nodules stand out, rrom t,he surface. 

As 1n other limestone formatlons,eolution playe a b10 part 

1n the weathering and consequent surface topography, and 

sinkholes and wondergats are numerous. Over wide areas the 

rook/ •••• 
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rook is hidde."l by deep red soil, tull of lumps ot chert and 

blackened by layers of !na?lg.anese dioxide. In drier regions 

the formation is covered by porous calcareous tufa. 

Caves are n~e:roua, the most important of which 

a.re those at ~ondertontein, Sterktonte1n, Koster, Six Mllee 

Spruit, Pretoria, eto. 

WONDERGAT:- sometimes oontain water as at ?latek1ng, Geluk, 

Maltapansgat.. 

SOLUTION:- 1n depth has lead to the collapse ot patches 

of Coal Measures as at Delmas, Welbedacht, Syf'ertonte1n a.nd 

Zuurbekom, Lenz and Lawley and south ot Wonderfontein. 
(4) 

Rogers asoribea the formation of the Blink Klip Brecoia 

to the sagging and breaking cf the Jaspers into similar 

solution hollows 1n the Dolomite. 

SPRINGS:- The numerous springs with outputs of relativel7 

gx~at magnitude show that great volumes of water are stored 

underground 1n the dolomite, seemingly 1n the Joints, 

tissures and solution ohannele as ihe porosity ot the rook 

is so low. 

IN THE TRANSVAAL, 

(3) 
P~tor1a Springs Fountains 

(2Stee~opJes • R1etvle1 
Oog van Mooi R1v1er 
Banlt 
Wonderfontein 
Oog van Schoonspru1t 
Tur:f f on te 1n 

(_J}erhardm1nnebron 
]}mye ot the Mar1oo River 
Linokana 

REASON FOR SPR!NG AT THIS POINT. 
Fault 

do. 
? 

Dyke 
tt 

Contact 
Dyke 
Fault? 
Contact 
Dyke 

e,000,000 
3,000,000 

10,000,000 
11,000,000 
10,000,000 
13,000,000 

9,000,000 
6,000,000 

13,000,000 
s,000,000 
2,140,000 

IN/ ••• 

(1) Humphrey. Geology of the S.W.portion ot the Marico Dist 
Ann.Rept.Geol.Sul"Vey 1908. 

m 
(4) 

w.van Warmelo. a.A.Irrigation Yiagazine Vol.3.No.l.1924. 
A. L. Hs.ll. Geology of Pretoria Md Meip.,hbourhood. 
Explar.ation of Geol.Map of Environs of Pretoria. 
A.W.Rogcrs. Ann.Report G.O. tor 1905 & 1906. 
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IN CAPE PROVINCE. RF.ASON FOR SPRING 
AT THIS pofN'r 

GUAGED OUTPUT 
PER DIEM. 

Kurwnan 
Bothetheletea 
Groot Koning 
Griquatown 
Groot Boetsap 
Manyed1ng 

4,000,000 
9,160,000(apprm 

420,000 " Dyke -Layer of Shale 
9,000,000 • 

These large springs form the sources or all the rivers in 

the Transvaal. The outputs fluctuate aooording to the seaa:>I 

AREAL: 

In considering the underground water 1n deia11 

the Dolomite has been divided into three main groups 

aooord1ng to the annual average rainfall. 

GROUP 1,, which has an annual average ra1ntall ot trom 25" -

30" comprises the districts ot Heidelberg, Springs, Pretoria: 

Witwateraberg, Germ1ston, and Vereen1g1ng. 

In this large tract ot country composed for the 

most part of undulating plains covered with the typioal poor 

red soil charaoter1st1o ot the Dolomite, outcrops of rock 

are comparatively rare. The rainfall is high aud the run-

ott practically negligible. In addition the run-oft trom 

the surroW1d.1ng harder formations such as the Preto111a 

Series to the north and south and the Witwatersrand 

Ventersdorp and Old Granite rocks in the centre 1a available 

tor absorbt1on so it is not surprising that large quantities 

of water are to be found underground, as the following 

average show:-

Number of borehole records examined 
Average total depth ot borehole 1n feet 
Average depth at which water is struck 1r1 teet 

" 1 to which " rises (Rest level) 
in feet 

Average daily quantity of water available tor 

Percentage of failures 
Total fEll.ures 

pumping 1n gallons 

Holes probably not deep enough to strike water 
Water insufficient tor practical use 1.e.water 

supply under 1,000 gallons per day 
Percentage of Holes deeper than 300 1 

" " " without water deeper than 
300 1 

126 
119 
85 

42 

39,200 
l~ 
~ 

2.~ 

2.5%. 
3.1% 

.6'%, 
Water/ ••• 
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Water struck above depth of 300 1 1n holes 
deeper than 300 • • ~ 

Water struck below depth of 300 1 1n holes 
deeper than 300 ' 2. ~ 

Percentage of nowing holes a% 
" • holes with exceptional water 

supplies,, 
viz. above 100,000 gallons per day 3.li 

SUMMARY OF BORING RESULTS IN GROUP I DOLOMITE. 

QUANTI'l'T.ES IB GALJ.,ONS PER DIEU. 

D9p\ll Up'° 1001- 10- a,. 3C>- 40- 60- «>- 70- 80- 100000 !otab 

1n '"" 
1CXW) lOOOO ax>oo 30000 40000 50000 ti)()()() '10000 a>ooo 90000 le •n 
g.p.d.. 

0-60 15 a 1 4 a 4 1 19 
51-100 1 6 10 a 3 4 3 1 5 1 35 
101-l!iO 8 1 4 1 3 2 l 1 21 
161-ax> 3 3 1 1 1 9 
a>l-2150 1 1 1 3 
a&l-3JO 1 1 
301-350 1 1 a 

!O!AL 1 3' 11 9 6 13 8 7 1 6 3 90 

DSUL!S Pm DISBIC!. 

Dbvio\ .... Bamtall Jtt-.fotel AT.Dep\h ..-.Dep'1l "11.QuaU V 
ot Bore- 4epth of at wblob to whioh paaped pa dlr 
Bole• borehole ...... wat• la pllou. 

la :t .. ,. --- :riHI la 
in teet. , .. ,. 

Spring• 14 186 123 38 41,000 
PN11o:ria 63 103 82 37 37,0CIO 
Wl..-at.rar ... 39 la> 103 ., 38,300 
'fenclgbg 4 110 92 39 3',050 
lleldal'b•I 16 108 83 43 3:>,000 

These results show that 1n spite of the bad name 

which the Dolomite has with drillers the average results 

obtained by boring are the highest for any formation. The 

exceptional yields 1n the Springs area are due partly to the 
(xl) 

basin - like structure assumed by the Dolomite here and partly 

:t,ol,. '. 
(xl) See also The Geology of the Country surrounding Johannee­

burg. Explanation to Sheet 52 by E.T.Mellor with orapter 
on Underground Water 1n the Dolomite Areas by A.L.du To1t 
Union Geolog1oal SUrvey,Pretoria,1921. 
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to the high rainfall. In addition the oountry underlain 

by the Dolomite has a lower elevation than that surrounding 

1t. It is 1n this area that large quantities ot water have 
(2) 

been met with in the course ot mining operations usually 

associated with a sheet ot intrusive olivine dolerite ot 

post Karroo age which conforms roughly to the curvature ot 

the basin (ct.Pretoria area). 

In the Pretoria area, the Dolomite country torm• 

the elevated strip to the south ot the town Pretoria turnine 

south eastwards towards Delmas along the Pretoria-Delmas Dol 

omite trough and south westwards past Magaliesberg to Join 

with the main mass ot Group 2. The runott 1n this area 1a 

veey low and the underground flow in the Dolomite 1s stopped 

to the north by faults. The Hennops River Valley forms a 

drainage line along which large amounts ot underground 

water are absorbed. Another interesting feature in this 

area is the dependence ot the spring outputs and the level 

ot the water 1n the boreholes on the rainfall. The 

Fountain• Spring at Pretoria decreased 1,100,000 after the 

drought 1n 1932-33 and the level of water in boreholes at 

Six Miles Spruit dropped 20-30 1 at the same time. Sheets 

of intrusive diabase roughly parallel to the outcrop of the 

Pretoria Series have proved very usetul 1n confining the 

underground water to definite horizons. 

The vereen1g1ng,He1delberg and Witwatersrand 
areas are all situated on the south of the great watershed 

(Witwatersrand) and form low lying country between escarp­

ments ot the Pretoria Series on the south and west, and the 

Ventersdorp a,m:gdalo1d {nipriversberg) on the north and 

east. There are numbers of large vleis and the drainage 

line ot the nip river is situated 1n the area. It is 1n 

th1a/ •••• 

(2) A.L. du To1t. loo.cit. 
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this valley that the pumping stations of ZwartkopJes and 

zuurbekom are situated, where in the case ot the former a 

maximum 5.65 million gallons per day were pumped trom 4 

boreholes, and in the case of the latter a maximum of 

6,000,000 gallons per day. 

GROUP 2. The second group consists ot the Potchtestroom, 

llerksdorp, Ventersdorp, Lichtenburg, Southern Rustenburg 

and Southern Ma.rioo Districts. 

It 1s a large area and extends trom the Ventera­

dorp District eastern border Just west ot the town ot 

Krugersdorp west-wards to the Beahuanaland border at Lobats1 

and to the south down the Moo1 River valley to the Vaal 

River below nerksdorp. The eastern section is very 

similar to that described 1n·oroup I, low lying country 

between escarpments of other rooks, undulating and 1011 

covered, but with tew outcrops. There are numbers ot 

large vleis and several large springs. 

To the west, however, there is a change, the 

typical red soil covering is per~istent throughout, but 

outcrops are more numerous, and there are stretches ot 

country covered with chert outcrops and shed chert, which 

are very poor agrioultllrUly. 

The rainfall (20-25") is lower than 1n group I. 

and this 1s reflected 1n the results obtained in boring for 

water. 

The run-ott is also very low. 

The averages tor this group are as follows: -

Number ot borehole records examined 325 
118 

77 
1n ft,. 53 

Average total depth ot borehole 1n feet 
~ depth at which water is ~ruok in feet 
" 1 to " • rises (rest level) 

Average dally quantity ot water available tor 
pumping in gallons 

Percentage ot failures altogether 
" " total failures 
" " boreholes probably not deep enough 

to lt-rike water 

32,700 
30.~ 
16.6% 

Pere entage/ ••• 
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Percentage ot boreholes with water supply 1n-
sutt1c1ent tor practical use, 1.e.under 1000 g.p.d. 4.6~ 

Percentage of boreholes deener than 300' 3.~ 
" " " " • "without water n11 
" " " " " "with water 

struok above depth of 300 1 2.4% 
Percentage ot boreholes deeper than 300 1w1th water 

struck below depth of 300 1 1.~ 
Percentage of flowing boreholes 0.9i 

" M boreholes with exceptional supplies, 
1.e.above 100,000 g.p.d. 3.~ 

Sl.JMMARY OF BORING IN DOLOMITE GROUP I;t. 
ft!!ANTITIES IN GALLONS PER DIEM. 

Dep\h u, to 1- 10- a,. 3).. 40- tiO- .,_ 'JO- ..,_ 90- lOOOOO t.tl 
t.an. 1000 l0000 axx>o 3XX>O 40000 l50000 S)OOO '10000 80000 90000 100000 

l•f!cl. 

o.!O a 10 8 9 ' 5 a 3 1 1 s 48 

51-100 2 21 15 14 13 11 9 l ., 1 3 3 UX) 

101-150 18 la ' 1 ' 1 2 1 41 
l&l-3)() 8 6 1 1 3 18 
a,1.aeo 3 l 1 1 8 

261-a>o 1 1 2 

a>l-360 1 l 
Ill 3 s 

!o-11 4 68 40 a9 21 26 13 ' 10 3 8 219 

l>IS!BJCf D8tJLf8. 

01•1ot 
.,__ 

llalntall • AT.t.W AT.n.p~ o.Dep\h AT. Q\llmUV 
otbon- depth of ... w!doh to whiola. p,aped. pa 
hol•. boNbole wat•wu .... .. la 

la, .. ,. abua1c a-1 ... pllo'D.a. la, .. ,. 1a , .. ,,. 

n•kldos-p 30 101 .,,, 4,6 '7,000 
LlchMDbvg 13) 1M ,0 «) 33,100 
Po'°11efswooa 41 102 73 50 33,aX> 
Mllrioo 4'9 114 f1'I 50 3>,000 
s~, 13 lU r, 62 27,ax> 
Vm\erNOl'p ,0 159 131 93 a>,100 

The Klerksdorp and Potchetatroom areas lie on the 
southern side ot the great anticline and 1n an area ot higher 

rainfall (25") than the others. Here as in Group l, outcrop 

are rare and large vle1s and springs are numerous 1n the red-

soil covered :t'lats. The Mooi River valley and the Koekemoer 

Spruit have proved very truittul to the driller. 

The other districts are on the northern side ot the 

anticline./ ••• 
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anticline. In Ventersdorp the presence ot a large tract 

ot elevated country underlain by Dolomite 1n which the chert 

content is high and known as the Klipveld, where yields from 

boreholes are poor and drilling is dittioult, has had a low­

ering effect on the general average tor this district. 

Otherwise conditions are similar to those 1n the two previous 

areas, especially along the Schoonspru.1t and the Upper Moo1 

River where large sp:l'ings issue. In the Southern Rustenburg, 

L1chtenburg and Mar1co areas the Dolomite outcrop attains 

its greatest width from north to sout,h. Here the country 

becomes almost featureless, Just wide plains covered with 

red soil and sparse grass and some large pans. In Marico 

end Liohtenburg the presence ot a number ot intrusive quartz 

veins has had an intluenoe on the movements of the under-
(l) 

ground water particularly 1n the neighbourhood ot ottoahoop 

where several large springs issue forming many huge vle1s. 

The shallow water table had an adverse effect on the working 

of' the gold reets 1n this area. to-day, however, observations 

show that there has been a considerable tall 1n this depth. 

The large vle1s round Lichtenburg and Poltontein 

have also proved good areas tor drilling for water, as also 

the contacts between the Dolomite and the underlying 

Ventersdorp Voloan1os and the overlying Pretoria Series at 

Linokana north-west of Zeerust. 

The Dolomite outcrop whioh has thinned out very 

considerably continues 1n a north-westerly direction to 

Lobatsi where drilling for water by the Beohuanaland 

Protectorate Administration and the Cold Storage has proved 

veey fruittu.l. 

GROUP ;3. The third Group 1s located 1n the northern Cape 

Province/ •. , • 

(l) A.L. Hall,B.A.,F.G.S. & W.A.H'wir~hrey,B.A.,Ph.D. The 
Q-eology of the Count1"7 round Zeerust and :Mafeking, 
Pretoria,1910. 
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Province and extends trom Morokwen 1n the northern Vryburg 

District down to below Gr1quatown 1n the south a distance ot 

170 miles. It attains its greatest width from east to west 

:trom Vryburg to Kuruman. 

Thia large extent ot Dolomite torms a huge plat,ea.u, 

known locally as the Kaap Plateau. It 1s almost featureless, 

monotonous miles of sparse grase, sand, tuta. with very few 

bushes and occasional Dolomite outorope. Charaoteristio ot 

Dolomite country are the large springs as at Morokwen, 

Kuruman, Bothethelesta, ~.anyed1ng,eto.,s1nkholes as at 

Daniels Ku1l, and the "Bos-aars", 1ntrus1ve igneous dykes 

marked by trees and bushes with chains ot wells and boreholes 

alongside them. 

Boring r&cords available are limited to the 

Kuruman,Vryburg and Barkly West D1str1cts. They are tabulat­

ed as follows:-

Total number of boreholes records examined 
Average total depth ot boreholes 1n feet 

" depth at which water was struck in feet 
" " to " " rises ( rest l·evel) 

H 

127 
145 
112 

61 1n feet. 
quantity available per ~1em fov p\lmuing 

in gallons 
Percentage 

" 
of failures 
" total tailurea 

" " boreholes probably not deep enough 

25,000 
23i 

9.4i 

If 

" H 

Pero6ntage 
" 

Depth {Ji, tol-

" 
to strike water 

" with water supply 1nsutf1o1ent 
for practical use 1.e.under 1000 g.p.d. 

" boreholes deeper than 300' 
" " " " • without water 
" • • " "with water 

" M 
struck above depth of 300' 
deeper than 300 1 with water 
struck below depth ot 300 1 

ot fJ.ow1ng boreholes 
" boreholes with exceptional supplies, 

1,e.above 100,000 g.p.d. 

STJllMARY OF ~ORING ,N DOLqMITE 0-RCfJP Ill 
QAIANTITY IN GALLONS PER DIEM. 

10- a>- 3>- 40- 60- 8). 70- 80- 90-

10.f1'/o 

11.~ 
4~ 

o.a,t 

o. ec,, 
2.3~ 
nil 

la n. 1000 10000 aX>OO 3.lOOO 40000 50000 8X)QO ~ axx,o 90000 100000 100000 total• 

o-50 5 l 2 1 3 1 l 14 
61-100 l 12 5 5 4 5 l 1 1 1 36 
101-1!0 6 3 2 1 2 14 
111-a>o 8 l 1 1 3 1 1a 
a,i • ., 3 1 4 
ai-a,o I 3 2 G 
mm 2 36 12 8 4 8 2 6 2 a 88 

Dl nrio'f/. " •. 

 
 
 



 Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

68. 

DISTRICT RESULTS. 

Dlm1ot Imo J.Y.'lo\al - -1'111!:i\h AT. Dll'pth AT. Qua,stl t,' 1&1.lune. 
of Bore- uptil of at wldoh -.0 whloh pap.a pff 
bolea. borehole wato wu wder t\q la 

1A t .. ,. avuok riNS plloaa. 
bl feet. 

1:a '"'· , ___ 
S) 159 137 93 21,740 «>Jt v~, fl'I lM 95 42 37,400 33J> 

The rainfall decreases proceeding westwards and 

the average yields behave 1n a similar way while the 

percentage ot failures increase. The large yields at 

Vryburg and Moroltwen are situated in the zone ot ~e highest 

rainfall and near the Dolomite-Black Reef contact. 

Generally 1n this area the country is fairly even 

or gently undulating and over wide areas the rook is hidden 

by soil, sand or white porous oaloareous tuta. As else­

where on the Dolomite there is a marked lack ot surface 

streams and run-ott is replaced by absorption. 

THE NORTHERN AR.EA: 

(1) Rustenburg and Marioo. 

The main dolomite area form.a a regular belt from 

4 - 7 miles wide running trom the Beohuanaland Border near 

Ramoutsa eastwards towards the Crooodlle River curving to 

the north-east near the latter and forking, one branch 

trending north and the other oont1nu1ng eastwards past 

Gatkop along the Zand River Valley to the Waterberg District 

boundary. 

The rooka dip at angles ot 12-30° generally but 

1n the east the dips are high and muoh th?'Ust faulting has 

caused duplication. 

Reports show that fairly large quantities ot storm 

water flow oft the country to the eouth,underlain by Pretort. 

beds and Norite, and are absorbed by the Dolomite. The 

Rainfall is trom 20-25". 

Due east ot the P1lansberg is a second and 

smaller area traversed by the Orooodile River. 

The/ ••• 
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The average results obtained here are as tollowa:­
lat,Group. 2nd.Grou:o. 

Total Number ot boreholes 88 14 
Average total depth 1n feet 140 198 

1 depth at whioh water was struck 
in feet. 99 

" "to which water risee 
(rest level) in teet 

Average daily yield 1n gallons 
pumping 

Percentage of failures 
Total failures 
Boreholes probably not deep enough 

to strike water 
Boreholes with water supply in­

sufficient tor practical use 
Percentage of boreholes deeper than 

300' 
" " " than 

300 1 without water 
Percentage of boreholes deeper than 

300 1 with water struck below 300' 
Percentage of boreholes with except-

ional supplies 1.e.above 100,000 
g.p.d. 

63 

21,500 = 71,; 

Percentage of boreholes deeper than 
300 1 with water struck above 300 1 1.1% 

149 

69 

13,300 
4~ 

14.3 i 
14.31, 

11.31, 

7 'fo 

-
Faulting has caused considerable alteration 1n 

the Dolomite here and this is reflected 1n the results 

which ahow greater depths and higher percentages ot failures 

This alteration has been increased by the intrusion of 

basic rocks. Similarly there 1s a greater development of 

banded ironstones than usual particularly 1n group two, 

which makes the drilling more d1tt1cult and the rook more 

1mperviou1. 

'l'he conclusions arrived at from a oons1derat1on 

of these results are as follows:-

1. The Dolomite gives the highest average daily yield ot 
any of the formations investiga.ted, but the percentage 
of failures 1s also ver,y high, emphasizing the tact that 
when a supply is struck 1t is generally an excellent 
one. 

2. The quantity ot underground water available tor exploita 
tion by drilling is dependent firstly on the rainfall 
and eeoond.ly on the structure and weathering.(Solvent 
action ot water,eto.) This is Just as true in this 
formation as 1n the others. The yields decrease pro­
ceeding trom east to west (see group averages) as the 
rainfall decreases, in ap1ta of the :tact that the 
channelled nature of the dolomite mtJtee it Dose1bl• tor 
water to travel long distances underground.~ The 
influence ot the structure is also obvious 1n the lower 
yields obtained 1n (a) Ventersdorp, due to a zone where 

there/ ••• 
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there is muoh chert 1nterbedded with the limestone 
and (b) Northern Rustenburg where faulting and 
metamorphism of the limestones oocur coupled with a 
development of banded ironstones. 

3. The effect of the subterranean channeling is to a 
certain extent negatived by the igneous intrusions 
which apparently divided the formation as a whole into 
compartments though the latter can leak 1n the form 
ot springs. Otherwise it would be expected that the 
yields would be more equal. 

4. The best pla,oes for selecting borehole sites a.re near 
igneous dykes and s1lla, quartz veins, 1nte:rbedded 
chert bands, quartz1tes, and shales, o:r contacts with 
more impervious formations. If it is impossible to 
take advantage of any ot these, the operations should 
be restricted to surface drainage lines. It is tound 
that the h1gh ground and wide tlat featureless plains 
are h1ghly speculative. 

5. It is very d.1tf1oult or almost impossible to indicate 
the subterranean courses followed by streams 1n the 
Dolomite from the surface. An example ot this is the 
fruitless and deep boring which has been carried out 
in the vicinity ot the various large si;rings 1n an 
endeavour to tap their sources, viz. Klootzioht and 
Sterkfonte1n, Pretoria D1str1ot, Oberholzer, Venters­
dorp Distrio~, and along the Kuruman River. 

WATER BEARING PROPERTIES OF THE MALMESBURl' 
SERIES IN THE SOUTH WESTERN CAfE. 

Thia Series correlated with the Dolomite 1n the 

North and oons1at1ng ot grey and black shales, white, grey 

and black limestones often crystalline conformably overlies 

the Nieuwerust Series. 

From Picquetberg to the Cape Peninsula and 

eastwards arenaceous clayslate and argillaceous quart-zites 

predominate, though by the addition of mica phyll1tes are 

developed. Sands and thin olayey soils obsoure most ot the 

White quart,z veins are frequent and can be traced 
(1),(2). 

area. 

by weathered eluvial fragments. 

(l) 
(9) 

Great lateral lithological variation is displayed 

though/ •••• 

A.L.du To1t. 
A.L. Hall. 

Geology or South Africa. 
Handbuoh der Regionalen Geologie. 
Union of South Africa. 

The 
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though faulting and folding are not usually discernible• 

the continuous parallel outcrops ot the various layers seem 

to point to the taot that both must be extensive. 

These generally highly tilted, slaty, naggy or 

phyll1t1c rooks have 1n places been weathered into white, 

yellow, or brown, sandy or clayey matter, 1n places to great 

depths 100 to 150 feet being recorded in borings. 

Whether this deoompos1t1on is due to the average 

annual rainfall of 20-30" alone or was caused by the action 

ot sea-water penetrating into the tilted slates when the 

ocean cove:red the coastal plains 1a not quite certain. It 

is probable that both agencies have contributed to t-he 

breaking down process and that the action has been continu­

ous as the more brackish waters seem to oocur t,o the west 

under a lesser rainfall. 

Boring tor water 1n these beds has met with fair 

sucoess, especially 1n the areas under high average rainfall 
(3) 

as the Cape Peninsula. 

In analysing the results obtained trom the bore­

holea, three groups have been formed, as tollowa:-

Group 1. 

g.raµp 2· 

Group 3. 

The results obtained 1n the Cape Peninaula, 
Wynberg, Bellville, Stellenbosch and Somerset West 
Districts where the Series is under an annual 
ave.race rainfall ot 20-30" and in addition has 
the benet1t ot the run ott trom the higher ralntal: 
areas 1n this neighbourhood. 

The results trom. the Malmeabury and Paarl D1str1oti 
annual average rainfall ot 10-20". 

The several irregularly distributed detaohed 
masses found between the Villages ot Van Rhynadorp 
and N1euwerust 1n the district ot Van Rhynsdorp 
where the rainfall 1a only 5-15". 

In the t1rst group the results ot 125 boreholes 

were exaruined,many ot which were obtained from private 

drilling oontraotora. 

The averages are as tollows:-

Avera.ge total d.epth 1n teet 160 
Average depth at whioh water 1s struck. 1n feet 117 

Ave e/ •.• 
IIIIIUJ'ze. pter on Un erground Water. GeoloE 

of Cape Town and adjoining country. EXplanat1on of 
Sheet 247 (Cape Town) 
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Average depth to which water rises (rest level) 
1n feet 

Average daily yield per borehole 1n gallons 
pumping 

Percentage of failures 
Percentage of holes over 3001 deep 

ial Which are dr7 
b Whioh strike water above that denth 
o Wh,.oh str1ke water below that depth 

Percentage of boreholes which have supplies ot 
100,000 gallons per day and over 

Percentage ot boreholes with braok water 

Group Ii 
Total number ot boreholes ff 
Average total depth 1n teet 150 
Average depth at which water was struok 

1n feet. 112 
Average depth to whioh water risea (rest 

level)iJJteet 45 
Average daily yield per borehole 1n gallons 

pumping 11,600 
Percentage of failur8s 30 

• of deep holes 1.e.(over 300 1 ) l 
" " boreholes with braok water 20 

33 

22,000 

~ ,i 
1.si 
l.s;t 

l~ 
15J 

group II 
46 

188 

152 

50 

28,300 
7 
4 
7 

The variation between l anc 2 in both quantity &nd 

quality is undoubtedly due to the larger rainfall which the 

area covered by grou~ l gets, tis well as the oond1t.1ons 

which transmit the ru.n-ott f.rom the fable Mountain Sands~one 

Mountains down to the talus overlying the Malmesbury Beds, 

where- it is held in direot oontaot with the tilted and per­

vious decomposed edges ot the slates, eto. This phenomenon 

1a part1oularly noticeable 1n the Cape and Somerset West 

Divisions. 

It would appear therefore t.hat the available 

underground water is due to the absorption ot rainfall on 

the spot, or else brought short distances via gravel beds 

and recent unconsolidated deposits, guided into 111-detined 

ohannels by the oont1.gurat1on ot the country. 

In Group a the exte11sive tlat-lying areas do not 

obtain this benefit except to a small extent along the ede'!;es 1 

the rainfall as well 1s somewhat less. 

In group 3 the water level 1s deeper, but the 

average yields are sw:-pris1ngly high. It 1s thought that 

the/ ••• 
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the reasons tor this are: (a) the considerable amount ot 

faulting that hae taken place 1n this area, (b) the benefit 

ot a oonsiderable run-ott trom the hard mountainous oountry 

to the south end east, (o) the development ot limestones 

1n the Malmesbury series. 

The limestones themselves compare favourably with 

the dolomite of the Transvaal as an aquifer. 

The averages are particularly high. viz: 

Average total depth 1n feet 
11 depth to ,yhJ.ch water is st.:ruok in feet 
• N " n • rises (rest level) 

in feet. 
Average daily quantity pumping 1n gallons 
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THE UNDERGROUND WATER BEARING PROPERTIES OF 

'l'HE PRETORIA SERIES. 

The Pretoria aeries is the upper portion ot the 

Transvaal or Nama System and overlies the Dolomite and 

Black Reet Series oontorma.bly. This Series consists ot 

quartzites, flagstones and shales much intruded into by 

sheets ot basic igneous rooks related to the Bushveld 

Complex. There is also a large sheet ot contemporaneous 

andesitic lavas 1n the lower portion of the Series. 

In the Transvaal the Series torms part ot the 

parallel belts of country that oonat1tute the crests of the 

opposing limbs ot the great Witwatersrand ant1oline. Ot 

these the nox~hern belt ia considerably more extensive. 

It forms a large rough].y ovA.l belt ot varying 

width - at Pretoria 7 miles, to west ot Rustenburg 45 miles -

extending westwards from the neighbourhood ot the Wilge 

River in the Middelburg district (where it disappears under 

the Waterberg and Karroo Systems) to Pretoria (45 miles) on 

to Rustenburg (70 miles) and then to Zeerust (another 70 

miles). 

At Zeerust 1t bends northward.a and crosses into 

the Bechuanaland Protectorate. On the northern edge a 

thinner band runs east to the south western comer of the 

Waterberg escarpment beneath which it disappears, reappearing 

some 60 miles to the N.E. at Potgietersrust to again vanish, 

this time under the amygdalo1dal diabase ot the Springbok 

flats. outcropping again some 40 miles to the east at 

Molsgat it continues southward as a broad belt until below 

Machadadorp it 1s covered up by the Karroo sediments. 

The southern belt approximately 20 miles wide 

extends from the top of the Klip River Valley south of 

Johannesburg to Just across the Vaal River to the west ot 

Venterskroon/ •••• 
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Venterekroon again disappearing beneath sediment ot Karroo 

age. 

Middle: 

Lower: 

Typical section through the series is as tollows: 

Shale and Intrusive Diabase. 
Magal1esberg quartzite with intrusive Diabase. 
Shales and slates with intrusive Diabase. 

Daspoort; Quartzite. 
Contemporaneous amygdalo1dal andeeite or Ongeluk 
Diabase. 
Shales and slates with intrusive Diabase. 

Timeball hill Quartzite. 
Shales with Diabase. 

In some areas there 1s present below the T1meball 

hill quart,z1te another thin quartzite separated trom the 

latter and trom the dolomite by shales, as tor example trom 

Magaliesberg 1n the Krugersdorp westwards to Zeerust. 

(l) 
1QPOGRAPHICAtr. 

"The dependence ot topography upon geology is 

never better exemplified than with this formation. The 

shaly groups with their associated d1abases tend to occupy 

the lower ground, while the quartzites stand out in ridges 

running regularly tor miles. Very striking are these huge 

parallel quartzite walls vanishing into thd ~1etvice, with 

regged scarps facing outwards and long d1p slopes desoen41n@ 

evenly on the opposite sides. The rivers have broken 

through these ranges 1n narrow and picturesqu~ gaps, cs at 

Hartebeestpoort, on the Crocodile River and Bav1aanspoort on 

the P1enaars River." Thia country forms a great oontraat 

to the tlat bare dolomite plains adjoining. 

SURFACE WATERS. 

The run-oft trom this series of shales and quart­

zites is tairly good,another point 1n contra-d1st1not1on to 

the adjoining dolomite and the s1reams persue well defined 

courses. Many such as the Mar1oo, Crocodile, and Pienaars 

Rivers are pereMial except in exceptionally d.7 seasons. 
C tM:fig/., ,. 

(1) Du Toit. Geology ot South Atrica. 

 
 
 



 Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

76. 

Oert,ain portions of this country seem to be 

without good surf•oe water supplies however as 1n the south 

western port,1on of the Rustenburg D1str1ot between Tafelkoy
2 

and Rustenburg south west ot the Daapaort quartzite horizon. 

But generally the surfaoe auppl1ee are ta1r from the Daspoor' 

range horizon upwards 1n the succession. 

There are numbers of small springs issuing from 

the Daspoort. and Magaliesberg quartzite horizons mostly on 

the dip slopes. In the case ot the latter horizon some 

issue on the other side a• at Butfelshoek and Magatoahoek 

1n the Rustenburg District. These small flows are general~ 

utilised at the base of the hills and seldom get further. 

At the bottom of the dip elope ot the Magaliesberg and 

Daspoort quartz1tes 1n the Pretoria, Rustenburg and Mar1oo 

D1str1ots a large sandy talus 11 tormed and this porous 

deposit is found to contain large quantities of stored 

underground water e.g. as on Ru.stenburg town landa,etc. 

This stored body of water also acts a.a an area ot 1n:t'1ltra­

i1on tor the underlying rooks and definitely improves the 

yields f:r-om boreholes 1n the diabase on the edge of the 

Bushveld oomplex where 1n contact with this horizon. 

BOREHOLE WATER SUPPLIES. 

Dealing first with the portion ot the aeries 

exposed from the Wilge ru.ver near Bronkhorstapruit westwards 

to Zeerust and beyond. It has been proved by the drilling 

ot 1,300 boreholes to be generally a very satisfactory 

underground water carried or ac:uiter. In adding the Gats­

rand and Eastern Transvaal ar~as a furt,her 280 borehole 

vesulte are ~dded bringing the total to 1,500. The results 

from the latter areas bear out furt,her that this formation 

11 a good underground water carrier. 

For the purpose ot oonvenienoe and oonsistenoy 1n 

tabulating the borehole results the series has been divided 

as/ •••• 

(2) A.L.Hall. On the South-Western Portion of the Rustenlnilrl 
~~~~~ ~g~1 Report Geological Survey ot the 
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as :tollows: 

T1meball quartzite horizon 
Timeball shale horizon 

Daspoort quartzite horizon 
Daspoor\ shale horizon 

Magaliesberg quartzite horizon 
Magaliesberg shale horizon. 

Timeball quartzite. 
From the T1meball quart­
zite horizon to the 
bottom ot the Daspoort 
quartzite horizon. 
Daspoort quartzite. 
From the top ot the 
Daspoort quartzite hori­
zon to the bottom ot the 
Magal1esberg quart~ite. 

Magaliesberg quartzite. 
From the top ot the 
Magaliesberg quart,z1te 
upwards. 

In general the shale and slate group alone gives 

average supplies ot from 12,000-40,000 gallon• per diem at 

average depths of trom 72'-116 1 • The quartzite& yield on 

an average from 16,000-32,000 gallons per dlem at depths of 

80 1-119'. The intrusive diabase of Buehveld age - 21,000 

to 33,000 gallons per diem at 83-93 1 and the contemporaneous 

amygdalo1dal lavas 17,000 to 36,000 gallons per day at 27-

72 teet. 

Thus generally the average yield per horizon 1a 

more or less the same, the dl.tterenoe between the highest 

(Shales only and Intrusive diabase only) and the lowest 

(Quart,zites only) ls only 3,000 gallons per diem. 

Considering the waterbearing quality of the varioui 

horizons 1n their natural successions there is however oon­

siderable variation due to a variety of causes both looal 

and more widespread, as for example the shale below the 

T1m.eball Hill Quart,zite horizon. Here results are general-

ly good (vide averages), due it is thought t,o the proximity 

ot the dolomite whioh it overlies, but areas are met with 

in which it 1s ditf1oult to get water as at Platkl1p No.97 

1n the Krugersdorp d1str1ot and surrounding farms where taul1 

1ng has disturbed the strata and contrary to its usual 

effect this area has been proved t,o carry less underground 

water. 

In the case ot the intrusive diabase sheets many 

are/ ••• 
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are well known to be in a soft triable and decomposed 

oond1t1on and act as sponges being tull ot underground 

water. Sometimes, ho~ever, deoompos1t1on goes too tar, or 

it may be due to the ohem1oal composition of the rook, and 

it is tound on boring that the sott rook and the water flow 

together and 1t is ditfioult to separate them. 'l'his 1s 

t,yp1cal of a sheet of diabase Just north ot the Daapoort 

Quartzite and one nort.h ot the Magalieeberg QUartzite. 

Boreholes 1n these horizons strike large quantities ot wat.er 

mixed with the deoom~osed d.1abase 1n the form ot mud, which 

rushing into the borehole has caused operations to be 

abandoned. Good examples occurred at Rietondale and 

Silverton near Pretoria. 

The intrusion of the buehveld igneous complex 
(x) 

into the Pretoria Series, 1s held to have oauaed extensive 

thermal metamorphism 1n the beds ot this series. This 

metamorph1am has resulted in the change of ordinary soft 

fissile shales. 1nto hard &potted and highly coloured 

varieties, also ch1astol1te and and.alus1te schists, and 

cordier1te contact horntalsee. A general hardening of the 

shales baa taken place in the earlier stages of the px-oceos 

beyond which the shales expo~ed 1n many areas particularly 

around Rustenburg have not proceeded, 1n the later stages 

the rock becomes porous and soft again as 1n the areas norlih 

of Zeel'tlst. The change in the quartzitea 1a not so great 

chemically as physically. In places reorystall1sat1on has 

taken place and resulted in the formation ot a sugary 

quartzite with a few secondary minerals. 

The intensity of the changes are greater 1n the 

wee\ than 1n the east. 

From east ot Pretoria to Soheerpoort there 1s 

hardly/ •.•• 

(x) A.L. Hall. The Dushveld igneous complex. Memoir 28 
U.G.S. 
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hardly any change in the normal condition ot the beds except, 

locally in oontaot with intrusive d1abasea, fissures as at 

Silvermine, eto. 

From Soheerpoort to the Groot Mar1oo River there 

ls a rapid and marked 1norea.se 1n the intensity ot the 

metamorphism as shown by 1ts results. It is possible that 

1n addition to the thermal agencies the greater pressure 

which has atteoted the Pretoria Series as shown by the great 

tault to the south-east of Rustenburg, wh1oh passes through 

011:fa.nts Nek and d.ispla.oes the middle and lower quartzites, 

while the series as a whole shows a sharp double bend in 

the strike, has also added to the metamorphism noticed. 

Lastly trom the Groot Marioo River westwards to 

Zeerust, the maximum results are seen, rooks being altered 

from the Magal1esberg horizon to the Titneball horizon and 

even beyond 1n the dolomite. The greatest degree ot 

alteration being in the beds contiguous to the bushveld 

rocks. 

T.hese great alterations 1n the nature and phya1oal 

struoture of the rooks have naturuly been refieoted 1n the 

varying oapao1t1es for yielding underground water displayed 

by the different horizons 1n the different areas. 

A. COMPARISON OF AVERAGE YIELDS !i'ROM THE SHALE 

HORIZONS IN GALLONS PER 24 HOURS PUMPING. 

HlllDOI .l11DS 

Wltltealk hnea-
Mlddel- PN~ lnr,g. Marloo G..-anna i:a.tem~ 
D!I· 

l.!iaeball Shale 40,ono m.ooo 35,900 28,000 11,100 
3.Dupoon sw. 30,600 32,000 29,000 28,400 28,000 
3.MapllesNl'g " 11,100 18,000 23,700 35,000 

In group one,the tu.rthest eaa~ the shales have 

only been recently stripped of a cover ot younger karroo 

and Waterberg Beds. In the second group the ah&l.es are the 

least./ •••• 
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least altered and are eXposed to a high rainfall (30") the 

variations 1n the yields being due to local cond1t1ona as 

e.g. the Magal1esberg shales in group 2, which are a narrow 

strip of shales outcropping north ot the Magaliesberg range, 

the restricted outcrop resulting 1n lower yields. In the 

Rustenburg Al,ea (Group 3) the effect ot the alterations is 

noticeable and as well as the lower rainfall. The Y..agalies­

berg shales are highly altered here,and their outcrop area 

is muoh larger; this has improved the daily yield. 

In group 4 the effect of the extreme metamorphism 

appears to have improved the average daily supply in spite 

of the lower rainfall. Considering horizons the Daspoort 

shale is the most consistent, which 1s not 1urprising o~n­

sider1ng its position underlying the floor ot a large 

valley in the middle of the series between the Daspoort 

and Magaliesberg quartzite&. 

B. COMPARISON OF AVERAGE YIELDS FROM THE QUARTZITE 
HORIZONS IN GALLONS PER 24 HOURS PUMPING. 

H>BIZOD .6BJ'.A8 

'fltbmi: Rua\a- Xuka 
Kidd.el- hetori.a ·•· lfalrico Gataan4 '1'-.....1 --· 1. ftae\all Quarlalte 28,800 31,.fOO 10,a,o 

a. Dupoon " 11,400 11.&00 2',000 36,(X)O 
3. WapllelNl'g" 18,000 a,000 27,a>o 18,000 

In these horizons the extreme alteration 1n the 

west would appear to have improved the water carrying 

oapao1t1es 1n spite of the lower rainfall. 

Another eq~ly important factor 1s that the dip 

of these layers flatten out to the west and consequently 

large areas of quartzite are lying almost horizontal thue 

offering greater tao111t1es tor the infiltration of the 

rainfall. 

In the eastern areas little boring is carried out 

by/ ••• 
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by choice 1n the quart.zites as they torm ranges of hills. 

In Griqualand West the occurrence ot Griquatown 

Sediments which extends :from the Molopo River, North ot 

Morokwen down to below Pr1eska, is considered to be a tao1et 

ot the Pretoria Sediments. 

They consist ot Jaspers and terruginoua shales. 

Underground water here is found to be deep and erratic 1n 

its distribution; many entirely dry areas occur, and 

failures number almost 50% ot the total drilled. The 

average daily yield is 21,000 gallons. 

The intrusive diabase of Bushveld age has also 

given comparatively good results. These basic rooks 

generally in the form ot sills ot varying thickness have 1n 

places been considerably altered by decomposition due to 

weathering. In some cases this has gone so tar aa to com­

pletely veil the original character and appearance of the 

rook. 

This process has aided the passage and storage 

of subterranean waters by breaking down the compactness and 

1ncreae1ng the porousness ot the rook, but continuing 

further the weathering process changes the original hard 

diabase into a gritty clay which becomes either totally 

impervious or 1s inclined to move and flow with the water; 

t-hua increasing the number of failures and creating a tanta­

lising position where the borehole strikes water which 

owing to its condition it is imposs1•1e to use or to pump 

out. Experiments by the Boring Branch, however, have shown 

that by paokere and the Judicious use ot casing it is 

possible to save some ot these water-supplies. 

c. COMPARISON OF AVERAGE YIELDS FROM THE INTRUSIVE OR 
BUSHVELD DIABASE FROM ALL HORIZONS IN GALLONS PER 

24 HOURS PUMPING. 

Wltbanlc 
Mlddallnlr1 P:reto:rla lludeolnrrc Marloo C...•a4 Eutaa f.na.fful. -- -- -- ----3',Z>O :1>.000 21, a,o 23,000 

Borebolee/ . . , 
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Boreholes where the water has been obtained at 

the contact or Junction ot the intrusive diabase and the 

shales give different results. 

COMPARISON OF AVERAGE YIELDS FROM THE DIABASE-SHALE 

COlfl'ACTS IN ALL HORIZONS IN THE PRETORIA SERIES.IN 

GALLONS PER 24 HOURS PUUPING 

Pretoria Area 

36,800 

Rustenburg Area 
2a,aoo 

Uartoo Area 
26,500 

As eeen they are an improvement on the results 

from the Intrusive diabase alone but are not quite so good 

aa the Shales by themselves. However, these oontacts seld.om 

fall (q.v. Table 3.) to give water and have been tound to 

be good horizona to take advantage ot when seleoting sites 

in this formation. 

In making a oompar1aon between the (a) Diabase to 

Shale and (b) Shale to Diabase contact in order to ascertain 

which was the better it was found that 1n the Pretoria area 

1t was found that only asi ot the holes drilled, cut the 

former contact (a). They did not, give nearly ao great an 

average yield as (b) and considerably more failures. 

In the Rustenburg area (a} gave an average yield 

ot 22,000 gallons per diem as against 13,000 gallons per 

diem trom (b). 

In the Marioo area (b) was found to be the better 

ot the two, the position being the reverse to that tound in 

Rustenburg area. Metamorphism of the shales at the contacts 

1n addition to the general metamorphism affecting the 

Series as a whole due to the Bushveld complex, bring about 

this variation 1n the water-carrying capacity of similar 

horizons. 

THE ONGELUK DIABASE OR CONTE!.tJ>ORANEOUS ANDESITE: 

This series of contemporaneous lavas attains a 

great thickness, and forms a continuous belt from near 

Delmas through the towna ot Pretoria, Ma,galies, Koster and 

on/ •••• 
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on to Zeerust, eto. always :flanked on the one side by the 

Timeball Hill quartzites and on the other by the Daspoort 

QU.artzites both ot wh1oh make continuous ridges on either 

side. The diabase is directly overlain by slates and 

generally has slates beneath it as well but 1n the west 

(v1z.trom Zwart,ruggens westwards) there is a thin qua:rtzite 

underlying. 

TOPOGRAPHY AND OCCURRENCE. 

The diabase as a rule forms low ground following 

the a.xis ot a valley (trough) e-g. the Hekpoort Valley. It 

generally displays a considerable surface. From Koster to 

the west the upper part, of the zone makes higher ground to 

the north. 

Other occurrences are 1n the northern Marioo and 

Rustenburg Districts where it outcrops on the northern limb 

ot the Ant1ol1ne. In the Potohetstroom and Vereen1g1ng 

Districts where another anticline exposes a broad belt of 

this amygdalo1dal rook. Here it is considerably narrower 

1n the western portion than tu%'t.her ea.st. This 1s due to 

the tact that the beds are normally situated in the west, 

with a unitorm dip of 15° to the south, while to the east 

the dip decreaaee and the beds begin to show the etteot ot 

the synclinal structure and change 1n direction or strike; 

which is so marked a teature 1n the eastern portion ot the 

Gatsrand. The surface width thus increases from l½ miles 

on Kraalk.op No.290 to seven miles through Wildebeesttontein 

No.406. 

In the Lydenberg, M1ddelburg, and Carolina District 

the contemporaneous volcanic rooka occur at three separate 

llorizone, the first being at the top ot the Pretoria Series, 

the second about ha.ltway ·down the suooess1on, and the third 

below the Daspoort Quartizite horizon. 

The highest volcanic rocks 11e directly above the 

uppermost/ ••• 
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uppermost Y~l1esberg ~uartzite, between 1t and the basic 

edge of the Bushveld Complex. They oooupy a narrow band 

trom one to three and a half miles wide trending nearly 

north and sout,h along the tootslopes ot the eastern sida or 
the Steelpoort River Valley. They are clearly inter-bedded 

with the upper strata of the highest Vfagaliesberg Quartzite 

and thie together with the obviously effusive character ot 

the tormat1on show it to be of volcanic origin. 

The second horizon ot volcanio rocks sometimes 

resembles pyroolaatio aooumulatlons rather than true lavas 

and occurs a little above the Daapoort Quartzite, tanning a 

broad. belt extending from near Maohadadorp southwards to 

within a few miles of Carolina a oontinuous outcrop which 

narrows down considerably towards the south. 

The third and lowest horizons of contemporaneous 

rook lies immediately below the Dwan.l Heuvel or lowest 

D~spoort Quartzite and 1s all amygdalo1dal lava of Andesitic 

character. The base of th1a suooess1on is emphasized by the 

Ongelult Quart-z1te as 1n the Western Transvaal. 

LITHOLOGY: 

In the Pretoria, Rustenburg and Mar1oo Areas the 

voloan1o group is quite different to the 1ntrus1ve diabase 

sheets ot Bushveld age wlth coarsely crystalline texture so 

oommon 1n the Pretoria Serles. It ts tine grained, greenish 

1n oolour. otten flinty, and somet1mee studded with amygdale1 

tilled with quartz and other minerals. In many respects 

this formation compares with the lavas 1n the Venterseorp 

System. 

That the horizon however is not a s1ngle flow, but 

is built up of several suocesaive lava sheets 1a suggested 

by the varying lithological oharaoters. 

Theee aucoessive sheets sometimes present porous 

upper surtaces, thus there are throllf)l the formation planes 

ot/ •••• 
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of separation along wh1oh water could travel, and as the g 

group 1s generally dipping at angles ot trom 5 - 15° and 

sometimes more, there are created favourable oonditione tor 

the oonservat1on of underground water supplies. 

In the tveet (Marioo Area) t.he lavas have been 

altered a.lo~ with the other members of the aeries and the 

rook shows oooasional dev1tr1t1oat1on. 

In the central area (Gatsrand} the lavas exhibit 

similar oh~..J-8.oters and vary t:rom oompaot oloee-gra1ned rooka 

to a rock 1n which the quart-z filled amygdalea are as large 

as nuts. 

In the eastem Transvaal the upper horizon shows 

amygdaloidal characters, now-structure, agglomerates a.nd 

similar features. There is evidence too that these rooks 

have undergone som, metamorphie~, aa s111c1fioat1on and 

recrystall1zat1on of the ground mass has taken plaoe. The 

second horizon of ettus1Tes oonsist ot agglomerates and 

tuffs with inclusions ot burnt shales ohietly, less frequent 

are pieces of tine-grained 1genous rooks, either ot 1n­

trua1ve diabase or the earlier lavas. The lowest horir.on 

are greenish tine grained partly amygdalo1dal rook about 

800' thick. In their general charaoterr they compare close­

ly to the Ongeluk Series 1n the Cape Province. 

BOREHOLE WATER SUPPLIES: 

Drilling 1n this formation usually progresses 

rapidly as it 1s LiJe often tound decomposed, yielding as a 

result red and white clays and red soils. The deoompos1t1on 

otten goes deep covering the solid rook with a mantle of 

soil and clay 40-60 1 and exceptionally 100• deep. As tor 

example 1n the boreholes ot the Derby Estates near Koster, 

Droogekraal on the Groot Marioo River and at Vlaktontein 584. 

Much ot the clay oonsists ot rook weathered in 

situ, below which are cores ot more or less unaltered 

diabase/ •••• 
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diabase often reported as boulders. In this respect 

drilling oond1t1ons are similar to those encountered in the 

lavas of Ventersdorp age. 

Where the decomposition goes down to exceptional 

depths and is presumably complete, the water supplies 

obtained are not large e.g. 1n the Marioo Area. In the 

maJority ot boreholes yield1ng good supplies the soil and 

clay covering 1s seldom more than 20 1 or so thick often less. 

It is suggested that as 1n the case ot the lavas 

of Ventersdorp age some ot the intrusive diabase sheets ot 

Bushveld age 1n the Pretoria area, and·also Karroo dolerites 

1n the Eastern Transvaal, the small supplies ot water 

obtained where deoomposltion penetrates deeply 1a due to 

the complete breaking down ot the rook structure into an 

impervious clayey produot, and this overlying the Jointed 

and only part.ially sound rook has hindered 1nt1ltrat1on 

into the formation. 

Failures are comparatively rare except 1n the 

Marioo area where deoomposltion as mentioned above 1a common. 

In the Gatsrand area the average yields are good, 

the failures are low and the water is shallow, the area 1a 

well watered and replenishment of underground waters is thus 

facilitated apart from the annual rainfall ot 25 1 • 

COMPARISON OF AVERAGE DAILY YIELDS OBTAINED BY BORING 

n~ THE ONGIWJK lJ:t.VAS Il~ THE TRli.N3VAAL IN GALI.DNS P~R 

PER DIEM PUMPING. 

W1tbonk 
Middelburg 
areB, 

27.600 

Pretoria Ru.atenburg Me~Ico 
Area Area Area Gatsrand Eastern 

Area TransTaal 

36.000 17.200 26.200 28.400 14.400 

~"'he equivalent formation in Griqualand Wedt known 

as the Ongeluk Diabase occurs associated with the Jaspers. 

It gives an average yield of 13,000 gallons per borehole per 
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day in the muth, but further north 1n the Vryburg D1str1ot 

it reappears from under the sand covering and outcrops trom 

Mashow1ng laagte northwards to Heuning Vlei. Here these 

rooks give~ average yield ot 24,500 gallons per diem 

which struok at an average depth ot 79 feet. 

OONCULSIONS: 

1. Good yields are obtained at shallow depths in 

this formation. 

2. Successes are high part1oularl7 it 

(a) 

(b) 

(o) 

(d) 

the quartzites are avoided 1n the eastern 
area: 
the altered shales are avoided especially 
1n the western area where the tlat lying 
altered quartzite becomes the better aquifer. 
sites are selected wherever possible so as 
to cut or appx-oaoh a shale-diabase oontaot 
at depths ot 100-150 1 wh!oh 1s generally 
easy in view ot the tilting of the utrata 
and the frequency with which the .intrusive 
sills occur. 
in the extreme west the banded ironstone and 
Jaspers should be avoided especially when 
they are forming high ground. 

3. The contemporaneous diabase or Ongelult Lava also 

gives good retums similar to other stratified lavaa 

described, so long as the very hard or very soft decomposed 

portions are avoided. 

4. The influence ot increase 1n the rainfall is 

apparent here especially in the well-bedded shales but ls 

counteracted to a certain extent by metamorphism 1n the 

shales and topography 1n the case ot the quartzites. In 

the east where the beds have been recently stripped ot 

coverings ot younger rocks the yields are not so good in 

spite ot a large rainfall. 

5. As the tables 2 & 3 show deep boring viz. depths 

greater than 300' have not been successtul. 

 
 
 



 D
igitised by the D

epartm
ent of Library Services in support of open access to inform

ation, U
niversity of Pretoria, 2022

fAB.tE 11. .AVl:E.WZ BESULfS Ill)}.( !'If.! PB!'!ORU. mm Ill mt GAfSiWlD AREA. 001.!mISIIG :FORTIONS OJ' TB Afi'CBEJS!I0.1M. 9D'?ID1S1X>RP, 

lEBEEIIGDfG AID !1IJQIRSIXlltP DIS!RIC'l'S. 

--------------------------···--··---------------------------------------·-------------------........ --..... ---
DIS'J.'RICT Gieological 

horison. 

Ti.Mlaall 
:~siM 

!iael>all 
Shale 

1-poort 
Quand-• 

Dupoort 
Shale 

ContemporaDeOU 
-.,gd.aloidal 
andeaite OJ:' 

C>Dgeluk DiabaN 

IntJ"uaiYe 
Diahue of 
BuahYeld age. 

Total lo. AYW~e Aver~• Ave-:rN9 J.Terage GeMral T~W 
of bo:n- to\a.1 de"tJ\h dentJ:Clo daily 1, fail-
r.oles f::ce ~th a\"wich 'fttll.oh yieUHn of UNs. 
whioh m fee\. waw water pllonz failure. 
re•u1'a were wu rhea 1n p,apms. 
-"-t-•--.2 struck. feet rest 
lill'II ~. lnel. 

9 74 57 32 l),(')(X) ~ 

14 159 113 50 26.000 211 12 

4 96 Tl 28 26,000 

3,i 121 '19 18 2.8,400 6 3 

56 90 88 3) 28,400 31 6 
~ 

78 94 66 21 23,00) 26 13 

Waler in-- ~lH liol•B 
nffioiant not deeper n,y 
tor prao'1- carried than 
oal ue. 4Np 300' 

enough. 

5 4: 5 ~ 

3 8 

11 4 1 

s 8 2 

n:a,ter ?,~ Bolea 
strua.k struck with 
shallowe deepe- yield.a 
tbaa 300• than aiboTe 

2t 

1 

1 

300•. 10QOOO 

8 

1 

p.la 
pa 

41•-

.lYJ:aM2 REStlLIS JJI))( !B Hllli)PJA IIBIZI D - ~ f!AIP.W.. OOJftISDIG PCmIOBS OP !JI! ~ma-m .. C@DLPM: D181BJC!S. 

tura.a 

KUNllal 

Vr,burg 

~fil.l 
Sbal. ~ _la~ -·•· .· •·· 'U.·lCX) 

DMpoo:rt 
ahal• 

Jlegalias'berg 
Quartsile 

Magaliesberg 
shale. 

0np,._ 
Bumeld. Diabaae 

G.riqaabn 
BedilleataTiea 

Griquatowll 
Ongelulr:Diabaae 

.. 

2 

6 

3 

IO 

YI 

39 

9 

83 

110 

110 

74 

181 

150 

110 

71 

71 

51 

47 

147 

122 

79 

13 

22 

16 

Z1 

103 

93 

42 

26.000 

lS.OtX) 

25,000 

.14.000 

22.3:Xl 

21.000 

13,000 

24,500 

~ 

... 
39~ 

~ 

m 

.,,. 
JO% 

~ 

~ 

1-
~ 

~ lO'j a;. -
~ - -

llell&l'lts. Ralrafall. 

25" 

3:>-30• 

 
 
 



 Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

~~ 
~ 
"'>-
;t. 

-- j -f 
~ -
~ 

Jr 
~ 

~ " ~ b') :::t> 

~ 
:! . ~ 
:s::,. ~ 

~- II:. 

"' ~~ "(::;;-:-, 
~--'....:::""'t 

' 
~ 

~ 

, ~ t::,.~ 

;; , 
~ 

C -.:. 

0 p ~~~~ 
~ 
"' 

~;.. ~ 
:--- ~ r ~ 
... - ;'~~ 
~ 

,., ,. 
,,. ,. "( .. I 1-!:'l 
"'< 
~ ~~~ 
~ 

~ ~ ... ~ l' • ....,..-.. 
;;--.~ 

:t-.i 
;.,... ~ 
~"' 

,. ,. " 
: i "S 

"' ~ .. 

 
 
 



 Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

II 
to 

' 'I 

7 
' s 
4 

' 2. 

10 so 
i,,.~~ 

P.-oio.6il;ry 

100 

'" fur. 
Cuvll<s. 

ISO .IOO 

 
 
 



 Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

/I, 

'"' ,,. 
~ 

' 
' 
t,. 

,. 
,,.; 
• 

i.:! If+ 
i 

" " ,.. ,,_ 
~ 

/0 , , 
7 

' 
I,. 

.I. 

' I 
' I 

• 

, 
~ 

I 

II e., 

O..yefuk. rr fo-..ft ... Jio:AhOIA.$ 2\,;,_,a.S-<. 
fyefoyi4. S,y,~s. 

Bvolu-... /,;,.c. - jirol•flt d,f lt.s f. w1-IH 

~,/,"J. ·· yi<IJs(r,lo.liv-(.) 

uo 

 
 
 



 D
igitised by the D

epartm
ent of Library Services in support of open access to inform

ation, U
niversity of Pretoria, 2022

!ABU !• .lVJ:IW.Z lttSUL!'S fBOM OOU3:>U:S mftOBil SB'.UES II TSE MIIDEIBtrat.;. nm.amc. P1flft'01lll. RUSTDBtBG 
AID MABICO DIS!RIC'l'S. 

total lo. .lveraae kt'erag. .l.verap .bwage Gm.eral Wuer in- Holes Hole• Water Water Boles 
DISTRICT Geological of bore- wW depth &t d.~"11 to dail.J' ~ of total euftlcim\ not a.per struck ttnok with 

Borbon boles boa depth which whlcll yield. in failures failure• for practi- carried tbm IllY saallolf- ~-- 7'-•14• Rfllla&Tka Balafall. 
which re- a- 1 • ... water gal __ , er thim thail ilbo,re 
auUs ••• .u1 ..... Q. ....,.,.. was ri ... 1n 1on• w-... use. ~ b)• 3'>0' 300' IOC¥):10 
o\tainea. ~k in feet :ren puaping 9IM>UIJh gal.a 

~ .. -. 1-e1. ir-. 
1'it'bmk 
Middelburg 30 
Pi-etorla !iae'ball 25-30 
~g Qaanai'• 23 l!J 97 53 28,811) 43% 15% 1~ t;i Ill. f~ 25-3:> 
YaTloo 38 117 85 56 31,400 24~ lDji 1"/r, ~ 2. 51- 2. ~ 5~ a>-25 

Wlt-'baok-
Mlddel'burg 
Pr9'ori.a Tilleball 29 182 llS 51 40,400 ?'/a 3. 5';4 3.. au I~ 
llutenburg Slaale a:> 144 I02 «> a:>, 000 23J 9-j 8% 6~ -''7 $ 11, 1; 
Marl.co 8.) 140 87 48 26,900 11.~ 4'1 6.2% 1~ lJ lj 

'ffit'bank-
Ulcld.elburg 
Pretoria r...poo:rt 38 145 112 47 16,400 af;tfo 2.51> 12.5~ I~ 
llus\euarg QaadsUe 63 I09 81 47 18,500 ~ 6.. 6.~ 9.5) 1.. 1 •• 
Marioo 26 llS 95 63 24,000 44~ %1'/, 18" 8% 4% 4~ 

Wltbmk-
Middelbarg 
Pret.oria Dupoort 91 138 a:> 34 30,500 tr-lo ~ 1~ ~ f 
Bwnanl,urg Shale 5? IO? 78 53 32,000 ~ l«' 5,, ~ ~ • 2f. 
Marloo 14 147 98 75 29, 3-, 28}{i 14% ?'ft, -r/., Iiil Ill 

"11\ltanlc-
Mlddellnirg 
Pretoria Mapliesberg 25 138 80 40 11.CXX> ~ ~ 19% 8% ~ 4" 
Ruatenbvg QuartsUe 139 134 88 51 21.000 m ~ ~ 14~ O.. 0.8~ 
Mari.oo 23 lS'.> la> 11 27. a>o ~ ~ 18% ~ 4~ 4'1 

'iii\l,ank-
!Addellnarg 2 83 74 48 11.r,oo 
Pretoria Mapliesberg 8 106 72 3) 18.000 ~ 
Budenburg Shale 22 137 8? 72 23. 150 ~ 25% ~ ~ 111 111 
Mart.co 

Wltbank- Ongeluk Dia,. 3 138 56 71 2'1.ax> ~ 
Middellnirg oa.ae of Con-
Pre\ori.a \e11p0h:IMIOUS 14 119 92 52 38.000 14% 111 71o 7"/o Hi 
Rusteaburg J.ndeaite 92 92 71 37 17. 2)0 i• 5.4% 7. ('Jf. • IU 
Manco 2-l 143 112 72 21, 3X) ~ ~ ~ ~ - 4j Bil 

 
 
 



 D
igitised by the D

epartm
ent of Library Services in support of open access to inform

ation, U
niversity of Pretoria, 2022

-- -~·- -~ .......... ,,... .. olt\ained. ...... .... 
fNt. l-el. if" ... 

1'1t'bank 
Yicldel'burg 30 
P.i-etorla Tiae'ball 25-30 
~g Qaanai'• 22 13'.> 9'1 53 28,811) 42% 15~ 1~ ~ n1. ·~ 25-~ 
Marico 38 117 85 6S 31,400 24~ ~ 1'fg 2.~ 2.~ 5~ a>-25 

Wit-'bank-
Mlddel'burg 
Prnori.a fiaeball 29 l82 115 51 40,400 ?% 3.5~ 3.~ Sil I~ 
Bustenburg Sluale EK) 144 102 a) a:>.ooo 23;, 9) • 6~ ·~ • l~ l~ 
Mari.co a) 140 81 48 26.900 ll.2J 4% 8.2% 1~ lit lj 

Witbank-
Mlddelburg 
Pr9'°ria Iupoort 39 us 112 47 16,400 ~ 2.5~ 12.5~ I~ 
Bu.\enburg Q1111dsi'8 63 I09 81 47 18,500 22% 6 •• 6 •• 9.5~ l.~ 1 •• 
Marioo 26 118 95 63 24,(X)() 44% a:,,/. 18" • 4~ -
Wltbank-
Middelbarg ~. Dupoon 91 138 ~ 34 3),500 8'"~ ~ lJ ,,,, 

' RunanlJurg Shale 57 IO? 78 53 32,000 30j, 18",4 6,, 9% ~ • 21-
Marloo 14 147 98 75 29,3., 38% 14% 1'1/o 11, liil Ill 

"ll-ltank-
Mld.dellnirg 

80 ~ ~ 1• 8% - .,. Pretoria Maplieaberg 26 138 40 lS.000 
Buatenlnirg Quartsite 139 134 88 51 21,000 = 1 ~ 14~ o •• o •• 
Marioo 23 18'} la:> 11 27,a:>o 1• ~ 4% ,,. 
~Ubank-
14d.dellaurg 2 83 74 48 11,500 
Prdoria Mapliesberg 8 106 72 3) 18,000 1• lludenburg Shale 22 137 87 12 23.150 ~ 25% ~ ~ Ill 111 
Merioo 

Wltbmk- Ongelwc Dia,. 3 138 56 71 2'1,SX> ~ 
Mid.dellnrrg bue of Con-
Pr8'oria teaponneous 14 189 92 52 31.ooo 14~ 111 r/o 1"/o Hi 
Runealnlrg J.ndea1\e 92 92 n 37 17,3JO 18% 5.4~ 1.6"/. si Sil 
Marico 34 143 112 7.2 36.a)O ~ 1~ ~ ~ • 4~ .i1 

Wi'1N!nk- Ia\rusiw 6 109 83 39 33,000 
.Ml d.del DlD'g diabase 
Pretoria of b\W.lftl4 118 11? 80 40 24,.axl 17.~ ?.~ 7.1% 2.-t,; 3.5';i o •• 
Ruteuurg - 163 110 1k) r,o 3:l.000 21~ ~ 3~ IO;\ Ill O.lj 
Manco 49 113 93 66 21,a>o 40% 1• • 111 Ill 

 
 
 



 Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

CH APTER VI. 

 
 
 



 Digitised by the Department of Library Services in support of open access to information, University of Pretoria, 2022

88. 

UNDERGROUND WATER. 

in the 

KARROO SYSTEM. 

(x) (X) 
GENERAL DESCRIPTION: 

The Karroo formation occupies about halt of the 

area of the Union. It extends 800 miles from Karroo Poort 

1n the South Western Cape to the Middelburg District in 

the Transvaal and has its greatest width ot 370 miles 

between Kimberley and East London except where 1t disappears 

beneath the sea on the south eastern coast and a narrow 

strip east ot Vryheid it is surrounded by older rooks. 

Apa.rt, from this main area extensive outliers 

occur 1n the Kalahari, the Transvaal Bushveld and the 

Limpopo valley. 

CAP.! (9JU!H) 

Dnkeubel'g Basal~• 
Stonbog Salee c.,. Smdatou 

Reclhda 
M>lMaO Beae. 

tJ:ppeat shal .. 
Dlyka Sales tiUtte 

Lolrel' ual•• 

DWIKA LITHOLOGICAL. 

!IUISJML (D!II) 

Buahnlcl Aandaloicl .. ~ 
11 Mol1. 

tJ.pp• 
Mlclctl• Coal Meaa••• 
low• 

Glaoial Col\gloaeah• 

The Lower Shales consist mainly of greenish and 

bluish shales and flagstones, but include ha.rd green and 

grey sandstones and quartzites. 

The tilllte is a oompact tine grained blue or 

green rock made of particles ot sand and various minerals 

embedded 1n a fine-grained argillaceous matrix, 1n which 

are scattered irregularly pebbles and boulders of a large 
(x) Handbuch der Regionalen Geologi~ - VII Band 7a 

Abte111ng. The Union of South Arrica. 
(X) Du Toit. The Geology of South Africa. 
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variety ot rooks the majority of which can be recognised 

as having been derived from Pre Karroo formations. In the 

south the t1111te is hard and blue and breaks through 

pebbles and matrix alike. In addition a rough oleavage has 

been developed parallel to the strike ot the tormation but 

at varying angles to its dip. Ih the north the pebbles can 

ueually be easily removed from the matrix. 

Other var1et1&s generally subordinate to the 

unbedded type are the stratified •bedded Dwyka1 where it 

has a more shaly matrix and layers poorer in inclusions, 

the boulder-shale an argillaoeous rook 1n which inclusions 

are distributed erratically and at wide intervals, pure 

shales, oaloareous hard brown weathering bands, lenses, and 

concretions, and masses ot small fragments ot rooks known 

as •gravel Dwyka•. 

The Upper Shales, are green but pass into a zone 

ot black car~onaoeous sha.le which weathers white on exposure 

called the "White Band•. 

THE ECCA: 

In the Cape it is comparatively thin in the east, 

north and west and consists predominantly of blue and green 

shales. In the south lt thickens and becomes more 

arenaceous. 

In t,he Transvaal it la ohara.oterised by thick 

bands ot sandstones and grits w1th softer layers and has 

shales above and below. The coals are carried in the 

middle Eooa. 

THE BEAUFORT SERIES: 

Consists of thick blue,green,red and purple 

shales with bands ot fine to medium grained telepathic 

yellow sandstones. The colours beoome more brilliant going 

upwards 1n the succession. 

THE STORMBERG SERIES: 

ls com.posed ot coloured shales and sandstones 

and/ ••• 
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and is capped by the Drakensberg Volcanic Beds a succession 

ot lavas including compact hard and amygdaloidal varieties. 

Considering this tremendous extent ot sediments 

with a maximum thickness ot some 27,000 teet as a carrier 

of' underground wat,er, most ot the 1ntorma.t1on available 1s 

trom borings 1n the Dwyk.a Eooa and Beautort Serles in the 

Cape and the Eooa and Buahveld series 1n the Transvaal. 

Intrusive dolerites ooour in almost constant assoo1at1on 

with the strats ot the Karroo System, where they pla3 a 

great part 1n influencing the o1ruolat1on of the Underground 

water, as the underflow is intercepted by the more dyke-like 

1ntrus1ona, and it has been known tor a long time that 

boring behind or above such barriers 1s likely to prove 

sucoesstul. 

(l) UNDERGFIOUND WATER IN THE KARROO IN THE NOR'l'B. 
(TRANSVAAL AND o.r,s.) 

The term coal-measures ls applied to the series 

ot strata niore par't.ioularly assoo1ated with the ooal seams, 

the Karroo system 1a represented oh1etly by th11 horizon 1n 

the Transvaal. To the a>uth ot this expo.sure the upper bed.a 

appear, also there is a change 1n phase as well as horizon 

as the Beaufort series is approached. 

Although, as mentioned before, the Karroo system 

is not so well developed 1n the Transvaal as 1n the Cape, lt 

still occupies fairly large tracts ot country. The greatest 

extent is situated along the south-eaatem and eastern 

borders ot the Province. The districts of Springs, 

Standerton, Bethal, Ermelo, P1et Retief and Wakkerstroom 1n 

the Transvaal and Frankfort and Heilbron 1n the Orange River 

Province are si,tuated wholly on this formation, likewise the 

southern portions ot Carolina and JJiddelburg and the south 

and south-eastern portions ot Heidelberg and Vereen1g1ng 

Districts/ ••• 
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Districts Transvaal. 

In the Pretoria district exoept tor a very small 

area 1n the extreme south-east, the Karroo beds are present 

as outliers lying unoonformably on older floors ot old gran­

ite, Red granite, Waterberg, Pretoria Bed, Dolomite and 

W1t,watersrand beds, 1n the Aapies River. Pienaars River 

and Elands River Valleys. 

The Springbok F'l.ats area, oomprising port.ions ot 

the extreme.Northern Pretoria D1str1ot, Southern Waterberg, 

s.E.Rustenburg, and Potg1etersru.st Districts al.l 1n the 

TranaYaal, he~s a Bushveld series ot sediments and amygdaloidJ 

developed 1n addition to the Eooa beds. 

In the northern portion of the Waterberg District 

and in the Zoutpanaberg District these beds ooour in add­

ition to those above. 

LITHOLOGICAL. 

'nle most important member ot th11 aeries 1n the 

Transvaal are the oonglomeratee which are of normal sediment,. 

ary origin and not glaoi~l. The pebbles are usually 3-4 

1nohes in diameter thougl1 ihey have beun fowid Up to 1-2 

feet, they are generally derived t1~m the older roolte on 

which the series 1s resi1ng. 

sucoeed1ng the conglomerates and forming the lower 

and middle portions are the gi~its which are moat,ly tele­

pathic white and purplish 1n oolour darkening 1n the lower 

portions owing to ter1,iginous cement. The lowest part, ot 

tJ1e grits oorarsen and merge into the conglomerate and 

similarly the higher portions become finer grained until 

they merge 1n places into the 84Uldstones. These latter are 

white, thick bedded and massive when coarse grained, but 

thinly laminated and often mica.oeous when f 1ne grained. 

It is d1tf1cult to make a sharp d1at1nct1on betweeJ 

the/ •••• 
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the sandstones and the shales above them, as the latter 

are sandy 1n character and often oarbonaoeous they can be 

called finely laminated sandstones. When coal 1a present 

it 1s usually tound along with the shales. 'l'he higher 

por1i1ona ot the series consist of another thick layer of 

sandstones and grits. 

There are present also intrusive doleritea mostly 

1n the form of sheets, more rarely dykes. 

This seriea g1vea rise to a typical landscape, 

whose chief physical features are broad undulations with 

shallow valleys, marshy and ill~detined stream ooursea 

originating 1n boggy springs. The whole surface is Cl>Vered 

by yellow or red sandy m 11 generally passing downwards 

into beds of "oukl1p" or laterite. The oountey is grass 

oovered and trees are rare. 

The fairly thiolt carpet of sandy soil cov8ring 

the rock has the property or .rapidly absorbing the rainfal.l, 

hence the run-oft 1s small and aocord1ngly the stream• have 

slight erosive powers. This rapid absorpt1on, however, is 

somewhat oou.ntei--acted by the low porosity ot the underlying 

rooks, and the resulting underground supplies are chiefly 

obtained from Joints, :fissures, contacts with dolerite and 

the layers o:f highest porosity as the grit,s and coarse 

sandstone, 1s consistent b\lt not ot great magnitude. The 

flow underground 1s aided by the generally horizontal 

nature of the beds and thair position as elevated outliers 

with tree marginal outlets. Hence in addition to the u~ual 

surface weathering a considerable amount ot subsurface de­

composition, solution, and denudation ot var1oua layers 

especially those of carbonaceous nature and their aocompllll1'-

1ng soft clays and sandy shales; aocord1ngl.7 the conditions 

are fan>urable for the formation of small subterranean 

reservoirs and streams, the latter pursuing their slow 

course/ ••• 
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ooursea in the channels ot subsurface erosion. The sills, 

sheets, and rare dykes of dolerite conserYe the waters and 

concentrate their volumes locally. 

WATER BEARI!~OPIBTIES: 

A considerable A.mount ot boring tor water has 

taken place in these be<\s 1n this area a.na tor this aooount, 

the reoorda ot a,500 boreholes have been or1t1oally examined. 

'l'he majority of these bores have bean carried out 

1n th~ main bod_v of the Ke.r.~o eystem aitu.,g,ted 1n the south­

eastern oor.n.er of the Transvaal, and which is oonneoted 

with that of both th~ Cape and Natal, but 109 are s1tuat9d 

in the outliers ot the Transvaal Bushveld, 500 are 1n the 
I 

Springbok flats area and 17CJ are 1n the Northern Waterberg 

and 100 are 1n the Zoutpansberg District. 

For the purpoae of this e%8Jil1nat1on the records 

have been divided into the following groupings. Those 1n 

the main group oomp~ising the d1str1ots ot Heidelberg, 

Springs, Middel'burg, Standert,on, W1tbanlt, Bethal, Ermelo, 

Wakk.erstroom, Piat Retief, Oarol1na, Paulpietersburg, and 

Volk.1ru.at, have been turt.her divided 1nto areas ot equal 

rainfall, as the 11tJlolog1oal uniformity is so str1k1ng. 

Comparison of the results for the Eooa beds 11 

as follow■:-

amt.JP No.of A,·ere,. J.fl;:op £Yc-ag• Peotm~ 
'bore- total Bala- depth of a.t.q of total 
hole,,. Depth fM.l. 1rt:.lc ill quatS.9 fall•••• 

la"· feet. la pllou. 

1. Eae1o Wekka-
•~ Pie\ 
bild, Paul-
:pi~tenbtag, 
Ca:rolba, Yolbrut. Z8 131 3')-40" a.ax, ••• 

2. 8.!>Jlbc• •• .Bnbtk., 
&11Mlio1, 'lltllallk, 
ifiwielbaq. a.c.a-
--. hankfan, 
:S.llNoA. 1,389 166 35..30,, 18,( 

3. YrHelon. liJqj. 
•tal,booanal. 83 13) a,.z" 9,3'10 
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A turt,her study ot these records 1n order to 

ascertain the horizon which oarr1ed the water and at what 

depth 1t was, showed that the water bearing properties are 

fairly equally divided between the coals and coal shales, 

(2) the sandstone above the coal, (3) the sandstone below 

the coal and (4) the igneous intrusions. Very tew supplies 

aN struck below the Karroo beds on the pre-Karroo tloors 

except on the edges ot the formation. 

In a general consideration ot the results it 1a 

seen that the supplies are moderate 1n size but fairly oon­

·e1stent and are to be obtained at a reasonably shallow depth 

:troa any horizon in the series. 'l'he latter tact would seem 

to point to the water being carried 1n the zone ot weather­

ing and not 1n tmY part.1oular horizon. 

The series carries members 1.e. the sandstones 

and grits which have the highest average porosity ot all the 

formations considered and being the youngest 1n age and 

mostly lying horizontal the question otp1nt1ng and tiesur-

1l1g does not play such a prominent part as 1n others. 

TABLE OF POROSITY PER om. 
Karroo Rocks. 

Northern Eoca Coal Measure Sandstone. 

Aocording to According to 
Wybergh. du Toit. 

Steenpan Stone 15.M 13.9 - 14.6 
Flatpan • 14.8 - 15.l 9.2 - 13.3 
Balmoral " 12-15 12.6 - 15 
Ermelo tt 9.78 a.2 
Hamanskraal • 14.6 - 16.9 
Waterval • 15 11.9 
Stinkwater " 17.4 - 1.9.04 13.6 
Vereen1g1ng • 9.'15- 33.93 12.7 - 32.8 
Bethal • 7.6 - 12.a 
Elands River" a.1 6.2 - 7.8 

Bushveld Sandstones 

Buiskop 20.81 9.7 - 13.6 
JJt:apan1 19.53 

-· 
Upper/ ••• 
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TABLE OF POROSITY PER CENT (Contd) 

Upper Beaufort Sandstones 

Cathcart 
Cradock 
Queenstown 

According t,o 
Wybergh. 

According to 
du To1t. 

3.3 - 4.8 
6 - 8.3 

6.8 - 7.3 

Owing to this porosity it is possible that a true 

water table may be developed here, in places where thick 

beds of sandstone and grits outcrop or are near the surtaoe. 

The formation gives increasing yields with higher 

rain.tall as do others. 

THE ECCA SERIES IN THE NORTH 

See Table 5. 

Looking at the district results 1t is noticed 

t-hat there is a variation 1n the averages showing the 

different effects ot slight variations 1n local altitudes 

and rainfall, though it is possible that this divergenoe is 

not due to this alone. The presence 1n the more southern 

areas ot the upper division of the Ecoa which is more argil­

laoeous 1n nature may explain a drop 1n the yield per day. 

The south-eastern portion of Standerton and almost the whole 

ot Bethal and Waklterstroom are situated 1n this horizon. 

Moreover 1n suoh a large area a ohange ot •phase" as well 

ae ot horizon may play 1ts part. 

GROUP 4. Next under consideration are the outliers both 

large and small all near Pretoria 1n the districts ot 

Pretoria• Brits, Rustenburg, Southern Waterberg and N.w. 

M1ddelburg. 

These ooourrenoes nearly all form gently rising 

ground or low •bults" and mostly till shallow basins 1n the 

older rooks. 

To the North or Pretoria some are situated on the 

farms/ •••• 
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THE ECCA SERUll IN THE NOH.TH OOLERITE ONLY. 

Group I.under 30-40• of rain (Annual Average). 

Number Average Average Average Average Percent-
~ Holes Total depth at depth to daily age of 

Depth. which which yield in failures. 
water is water gallons. 
struck. rieee. 

Paulpietersburg H 123 70 4g 33,600 1;i 
Piet Retief ll2 Sl ~ 21,200 l'f Wa.kkerstroom 165 74 l ,100 1% 
Volksruat 

1~ 
140 llEJ 22 43,~ -

Oarolina 1iS 54 27 20, :s; Ermelo 175 72 32 20,4-0o 1i 

Group II. 25-301 Annual Average Rainfe.11. 
- -

Springs & Benoni lgf, 174 95 30 11,000 ~ 14 134 9g 32 19.500 nil 
Heidelberg 50 112 72 26 12,600 l~ ;~ Bethal 305 1;; g2 ~i 10,700 2~ 72 107 57 2g 10,;oo 
Wi tbe.nlc & ll.iddelburg 170 133 77 18,000 l~ 15 14,500 
Standerton ~ 17g ll ~ 11,500 2 /(i 

Frankfort & Heilbron 105 12,000 2r/, 

Group III. 20-25" Annual Average ~infall. 
Vredefort 56 112 72 ~ g,460 2~i 
K:roonatad 11 iU 97 19,000 ~i 
Hoopatad 16 95 64 3,9SO 40% 

TABLE 5. 
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farms Kameeltontein 164• Buttelsdr1tt 337, Wolmans\hal 116, 

Paa.rdetontein 338, Haaltdoorntohteln 498, Boekenhout.kloof 146, 

nopparbosch 516, Kl1pdr1ft 123, 227, and 302, Stinkwater 

586 and Sterkwa.ter 213. Large areas ooour 1n the Valleys 

of the Aap1es, P1enaars and Elands Rivera which are d1tt1oult 

to del1m1t but. have been proved by boring at Maka.panstad, 

Hammanekraal, and Mat1b1eatad. 

'l'o the East Sohoongez1cht 316, Valsoh8pru1t 103, 

Elandatonte1n 245, Nooitgedaoht 135, Loop Spruit 673, are 

the situations of small outliers. 

These ooourrences should form ideal reservoirs 

tor the storage ot widerground water as their shape 1s 

baainlike and they are filled w1th porous sandstones s.nd 

grlts. Unfortunately however their restricted size, their 

11m1ted catchment a.nd probably u.nde1~und leakage along 

Joints and fissures 1n the underlying older rooks, l1m1ts 

the amowit ot input and the storage, consequently, the 

average da1l7 output 1s low, and tha percentage of failures 

:high. Thua 1n thls oase the h1gh annual average rainfall 

ot 301 la negatived by the cond1t1ona under which the rooks 

occur. (For average results see Table 6). 

'l'he water was generally struck in the sandstones 

and gr1ta Just above tJle ooal horizon 1n the ma.Jor1ty ot 

oases, less frequently 1t occurred at the base ot the 

deposits Just above or on the pre-Karroo tloor, thus differ,.. 

1ng trom the rocks 1n the south where the water bearing 

horizons were more widely distributed. 

GROUP 5. In the Ecca beds fringing the southern edge of the 

Springbok Flats area results have been very ppor 1n ap1te 

ot the annual average rainfall ot 2s•. The water-table 

1s the same as 1n the previous group but the average daily 

y1eld is low and the failures are many (see Table 6). It 

1s thought that the extreme flatness ot thia area coupled 

with/ ••• 
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with the thick deposits ot red and blaok turf and surface 

limestone which oover it, also the absence ot intrusive 

dolerltes, are the cause. The thick covering 1nsu.ls.t.1ng 

the rook from the rainfall, and the absence ot dolerite 

means no subterranean barriers to concentrate the water. 

GROUP§. In the Northern Waterberg District the Eooa beds 

torm part ot an oocurrenoe ot Karroo extending from the 

Roo1bok Hills in the South to the Limpopo River and across 

1.nto the Beohuanal.,nd Proteotora.te where lt has also been 

exploited tor proo.uoing und.e:,:-srouno. water. The serie1 

underlies genily undulating oou.~try covered by red and 

white sandy soil. The soil mant.les t,he geology and 1t 1s 

only from isolated exposures in pans and waterooursea that 

information oan be obtained. The borehole reoorda have 

been ot great value 1n determining the ext.ent ot the 

ooourrenoe. 

It ls similar to the more southern ooourrences in 

that 1t 1s composed ot almost horizontal beds of sandatones, 

grits, and shalea, whi3h are dipping on the right bank ot 

\he. Limpopo below the Juno\ion with the Uatlabaa River. 

Boring tor water 1n this area has proved very 

tru.1ttul both 1n the Union and the Proteotorate. The 

average daily yield 1s comparatively high and failures are 

only one 1n five. (See Table 6). The oelebrated borehole 

at Artesia 1n the Protectorate 1s 1n this area. The depth 

to the water is greater here than elsewhere. The water 

bearing horizon 1n this area is generally the abales. 

GflOUP 7. In the Zoutpansberg Dist.riot the Karroo bed.a are 

developed 1n the East, but have not been bored tor water. 

The occurrence turther west whioh extends from east ot 

SUlphur Springs on the Messina Road across the railway to 

the north of the Blaauwberg 1n a narrow band, la the area 

which/ ••• 
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which has been exploited tor underground water. In 

addition a tew small outliers ooour to the north on the 

Messina Road, and the southern portion of the Palapye belt 

orosses the Limpopo above Rhoda's Drift and recrosses some 

d.1.atanoe above Mess1na. 

Gr1ta sandstones and coals of the Eooa, Bushveld 

sandstone and amygdalolds make up the ooourrenoea which are 

mostly concealed by red sand and aoil. 

The boring operations are mostly distributed 

around the railway, north ot the Zoutpansberg, none having 

taken place to the east and veey few 1n the north along the 

Limpopo. 

The boring results (See Table 6) 1n the sediments 

(it has not been possible to separate Eooa from Bushveld 

series) give good average yields, but the water is deep and 

one hole 1n t1ve gave b1~ok water. 

Overlying the Ecoa beds 1n the Springbok fiats 

area Northem WRterberg and Zoutpansberg are the Buahveld 
( :x) 

marls and Sandstones. 

The tormer have been avoided as far as possible 

tor drilling because as du Toit says •the dominant clayey 

nature of the material and the gAneral absence of porous 

layers, or dolerite, supplies are soant,y and erratic while 

caving 11 not uncommon. Deep drilling is ot no advantage 

aa they are underlain by the t1B}lt upper Eooa Shs.lea. 

Water supplies when obtained are small1 • 

<l-.ROUP 8 & R• The ywllow or pink Bushveld sandstone oorelat.­

ed with the Cave sandstone 1n the south overlies the un­

productive marls. The areas u..~derlain by this rock are well 

timbered and are covered by thick pale sand tormed tMm 

(x) A.L.du To1t. Borehole water supplies in the Union ot 
S.Atr1oa. Trans.Mines Proo.of the S.Af.Soo.C.E.1928. 
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the wash r1~m the rock. The results from dr1111ng 1n this 

rook are fairly good. (8 and 9 Table 5.) though the water 

1s deep;care must be exercised 1n selecting sites that the 

marls are not reached at too shallow a depth or a dry hole 

may result. 

GROUP 9 & 10. The &m7gdaloidal baaa.lts form country wh1oh 

is wooded 1n the "laagtes" and bare on the"bults• generally 

covered with black turf and red soil and surface l1m.eatone. 

outcrops are scarce and generally 1n a deoomposed crumbling 

state. As these basalts are lava tlowa, the remarks made 

about the Ventersdorp amygdaloid and the Ongelult lavas 

q.T. also apply here, and the good rP-aults· consequent 9n 

drilling into a series ot flows are alao obtained here. 

Most ot the drilling has been carried out 1n the 

Springbok flats area and a little in the Zoutpansberg. 

The results are tabulated in Table 6. 

(2) UJ(J)ERGROUND WA'rER IN THE KAP.ROO BEDS IN THE SOUTH: 

1. pvoo;A: 
This series has been divided into Upper Shales 

with the white band at the top, T1ll1te, and Lower Shales. 

the latter not always present when the Tillite rests un­

oonformably on pre-Karroo rooks. 

In the south the beds have been tilted at high 

angles due t.o folding and owing to the severe compression 

experienced the t1111.te 1n this area though harder display• 

oonapiououa cleavage and Jointing which influences the now 

and storage of underground water. Th1a 1n the narrow belt 

extending from the mouth ot the Great Fish River 1n the 

... ., to Karroo Poort 1n the west. 

Atter this it turns northward, the dip decreases 

and the outcrop widens viz. trom Doorn River through 

Buahmanland and past Priesk.a and Kimberle7 up to Veyburg. 

In/ ••• 
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In Gordonia lies another large area which is buried under 

the sands, etc. ot the Kalahari. 

WATER BEARING PROPERTIES: 

In the areas affected by the folding the results 

are good but variable, e.g. 

Number ot boreholes 
Average depth ot borehole 1n teet 
Average depth at which water is struck 

in teet. 
" • to • rises 

Lainge­
bura, 

27 
132 

63 

in test. 32 
Average daily yield 1n gallons per 24 hrs 

pumping.40,000 
Percentage of failures 

(a) Inautt1o1ent water 
(b) Total failures 

Pereenta.ge of deep holes 
Percentage of flowing holes 
Rainfall 

7 
13 

3 
3 

5-10" 

Prince 
Albert. 

13 
160 

48 

32 

15,000 

----5-10" 

In Calv1n1a, Kenhardt and Bushmanland the results 

are lower as tm beds are horizontal and unoleaved and the 

water is generally saline, but good yields can be counted 

on if sites are Judiciously selected. 

The average results are as tollows: 

Number ot boreholes 
Average total depth ot boreholes in feet 

• dept,h at which water was struck 1n feet 
• • to which water rises rest level 

1n teet 
" yield per 24 hours pumping 1n gallons 

Percentage ot failures 
(a) Insufficient water (less than 

1000 g.p.d.) 
(b) Total failures 

Percentage ot deep holes (a) Dry 
(b) Striking water 

shallower than 300 1 

Percentage ot deep hoiEs (c) Striking water 
deeper than 300' 

Percentage ot braok supplies 
Rainfall 

67 
121 

80 

30 
27,000 

19i 
12% 

3% 
10% 

7"/r! 
1~ 

5-10" 

At Vryburg the Dwyita is deposited on an uneven 

noor, w1 th ridges and peaks ot older rooks Jutting through, 

A ta.1.rly thick sandy covering aids infiltration. The 

averages are as follows: 

Number ot boreholes 54 
Average total depth 1n feet 120 

" depth at which water is struck in teet 74 

Average/ ••• 
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Average depth to whioh water rises (rest level) 
1n feet 

Average yield per 24 hours 1n gallons pumping 
Percentage of failures (a) Insuff.water 1.e.less 

than 1,000 g.p.d. 
(b) Total failures 

Percentage ot deep holes. All dry. 
Rainfall 

(l) 

51 
18,ooo 

In Gordonia the '1'1111te and overlying shales 

are to be found outcropping 1n plaoes between Upington and 

R1ettonte1n, a.nd under the sand between Up1ngton and Molopo 
(2) 

Rivers. The shales are undoubtedly marine 1n origin here. 

In Oordon1a the depths to the water are great 

which is oharaoter1st1c ot the fringes of the Kalahari v1de 

the results from the Crystalline rocks 1n Northern Maf'ek1ng, 

etc., and the supplies are not large, further the great 

drawback is the saline quality fo the water, s1m1lr to 

Calv1n1a but more extensive. 

The averages are as follows: 

Number ot boreholes 
Average total depth of boreholes 1n feet 

" depth at which water is e truck in feet 
" " to " " rises rest level 

1n feet. 
• yield per 24 hours 1n gallons pumping 

Percentage of failures (a) Insuft.water viz.less 
than 1,000 g.p.d. 

(b) Holes not deep enough 
(c) Total failures 

115 
293 
185 

160 
11,soo 

11 

Percentage of Deep holes (a~ Dry 
v1z. over 300 1 • (b Strike water below 300 1 

2 
31 
18 
20 

81, 
30 

5-10" 

(o " " above 300' 
Percentage of holes with braok water 
Rainfall 

(3) 
Tli5: EUOA: Here 1t forms a belt inside the outcrop ot the 

Dwyka extending trom Peddie 1n the south east past Jansen­

ville, Prince Albert, and Laingsburg to Karroo Poort, thenoe 

due north to Calv1n1a, and after that in a general north­

easterly direction past Britstown, Luokhoff, Boshott, and 

Hoopstad./ ••• 

(1) A.L.du Toit. Karroo System in the S.Kalahar1.T.G.s.s.A. 
1916 XIX.l. 

(2) s.H.Haughton & H.F.Frommu.rze. The Karroo Beds of the 
Warmbad Dist. s.W.Afr1oa T.G.s.s.A. 1927 XXX. 

(3) H.F.Frommurze: Flowing Boreholes 1n the Rehoboth Gibeon 
and Gobabis Districts. S.W.Atrioa. T.G.S.S.A. XXXIV. 
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Hoopatad. In Pondoland trom close to the Umtata River 

mouth 1t extends north eastward.£ 1nto Natal". 

'l'he width of the outcrop varies but averages from 

10 to 40 miles, the strata dipping inwards - towards the 

axis ot the basin - at low angle. 

LITHOLOGY: 

Farm Boshot to van Wylta Vlei the beds are almost 

entirely bluish and greenish shales. At Oalv1n1a however 

thin sandstones make their appearance 1n the middle part ot 

the group, these thicken bo1ih individually and oollect.1vely 

to the South. 

In the Southern Karroo the sandstones thicken up 

to Grahamstown and even in the lowest division lenses a.~d 

nodules ot sandstone appear. 

In Pondoland the eucoeaeion 1s identical with 

that ot the northern Karroo, mainly argillaoeous, but pro­

ceeding northwards the arenaceous character increases and 

the series develops into the Natal Coal Measures, 1n the 

same way as the rooks ot the northern Karroo pass into the 

Transvaal Coal Measures. 
(x) 

In South West Atrioa the Series outcrops in the 

Keetmanahoop Gibeon, Rehoboth, and Gobab1s Districts to the 

north east ot Marienthal and 1n the Auob,Olitants and Nossob 

Rivers and near Keetmanshoop. The strata consist of cal-

oareous grit, succeeded by blue, green, red and purple 

shales and flagstones, brown m1oaoeous sometimes calcareous 

sandstones, and brown sandy 11mestohee, types.of deposits 

not seen elsewhere in the Karroo System. 

The wh.i.te and brown sandstones and grits lying 

between shales 1s the aquifer tor the artesian water in this 

region, a number ot boreholes penetrating it yl.~l<! !lowing 

supplies particularly around stampr1ettontein on the Anob 

river and also on the Nossob River. 

THE/ ••• 

(x) H.F.Frommurze: Flowing Boreholes in the Rehoboth Gibeon 
and Gobabis Districts. S.W.Atrica. T.G.S.S.At.XXXIV. 
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THE WATER BEARING PROPERTIES OF THE ECCA: 

Starting with the south-eastern Karroo, where the 

series has a greater development ot hard fine-grained 

arenaceous rocks, a rainfall ot up to 20-25 inches, but 

where the intrusive dolerites are absent the following 

results are obtained: 
Di It r 1 g ~ I• 

Bed.fol'C1 SollerNt I. hlaoe Lablp-

' & Al.Hri .,. 
Peddle Peoatoa. 

lmlta of bonholea 28 10 18 11 
.I.Terap teial d-,tll in fNt 18' 181 81 118 
ATerage ci.pth at wbloll W&Mzt la • 

dnakl.Afeet. 142 1Z " 70 
A-nrap up'h to whloh ....., riNs 

Nat lffel la f-•• 113 74 21 " Aftrap Jielcl pa 2' boul-a paaplq 
la pllou 23,500 lS.000 28,Q)O 33,400 

Pooenu,p of fallv•• 
(a) Ianffiol•t waw 11 -
(It) fotal.17 ur 29 40 ~ 

J>eroen-,e of holes cleep• ,ham. 3)0 • ail all -
ltalat&ll la illobe1 a>-25" 10-11" 5-10" 1-10" 

The variation 1s surprising 1n view ot the rain­

tall but the absence of the usual impervious dolerite dykes 

and sheets undoubtedly pl83's a large part. Fllrther the am­

owit ot tilting and folding to which the beds have been 

subJeoted must also haTe an 1nfiuence on the subterranean 

now ant. ■torage, this varies 1n degree from place to plaoe, 

and the oorreapond1ngly amootmt ot acquired Jointing and 

cleavage, whioh explains the increase 1n yield in Laings­

burg and Prince Albert. Distriote. 

Proceeding westwards and northwards the beds 

become more shaly and horizontal and the intrusive doler1tes 

make their appearance 1n abundance both as sheets cutting 

across the bedding ot 1ihe strata and narrow vertical dykes 

which may run tor long distances. This 1a the outcrop which 

extends from Sutherland up to Hoopstad and the drilling 

results ha.Ye avoraged as follows. 

Number/ •••• 
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Sutherllll4 ,. Phllllpnowa &,opn.i. 
Ctln,lt: 

hDNr ot llonbol•• 18 a) 18 
.ln:rap total Dapth la fNt 115 n 14' 
.lnrap 4-pth at wbioh •&Mr h 

etnok la feet. 63 37 95 
.lftrage c18p\h. '° wbloa •ai• d•1 

Nat 19ft]. la fee\. 14 16 8' 
.lftZ'ap ,-1e14 ,. 2' -•-p,apS.., 

la p.llou 
"· ft)() 

35,000 3,980 
Pel"CMl:Lhp of fallVN 

(a) luttloia\ We.tu 12 a, 18 
(\) total 1J 16 8 

(o) •' uep eaough lJ 
PUCMDtap of 4Np holee 

(a) 1>17 I Ill 

(\) "-'• --- cleepo .... 
300' 12 • 

(o) ••• auuok lhallowo 
\ba 300' • 18 

Bab.fall la laohee 6-10" 10-15" a,• 

Here also the variability ot the yleld la veey 

pronounced, being 1n inverse ratio to the rainfall which 

is unusual, but. undoubtedly the increase ot the argillaoa­

oua content of the series accounts tor this. Oaretul aeleot 

ion ot sites in relation to the intrusive dolerite sheets 

abd dykes probably acc;,unt tor the high average yields 1n 

the tlrst two oases. 

In South West Atrioa the artesian conditions 

whioh exist 1n the Ecoa beda (described before) have had an 

extraordinary effect on the underground storage of the water 

and the yields are exceptional and the depths higher. The 

averages trom 40 non-tlowing holes 1n thia area are as 

follows: 

Average total depth of boreholes 1n feet 
1 depth to first water 1n feet 
• l to 2nd. • • • 
• • to whioh water rises 1n feet rest 

level. 
Average yield per 24 hours 1n gallons pumping 

312 
81 

242 

50 
42,000 

There have been practically no failures 1n this 

area. 

THE BEAUFORT BED§: 

This series follows the Eooa oonformably and 

makes a large oval extending trom the Tanqua, Karroo, to 

Wakkerstroom/ ••• 
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Waltke:rstroom and from East I,ondon across to De Aar, an area 

800 m11en 1n length by 300 miles in breadth, bounded on the 

south east for a r8lat1vely short distr..noe by the Indian 

Ocean. 't'he structure conforming with the undgrly1r&g Eoca 

ls a shallow baetn with its southern margin determined by 

tolding though dips are modera.tA except at Prince Albert. 

In Pondoland the suocesa1on 1~ bent over to dip 

eaetwa:rds and north ot Port St.Johns it is affeoted by fault,. 

1.ng. The beds continue to the north of Zululand dipping 

seawards. Intrue1ire dolerite 1a :round throughout the 

series except 1n the folded region 1n the extreme south. 

The series has been zoned paleontolog1oally but 

1s tor the purposes of' tr.J.s aooount treated. as a whole. 

LITHOLOGICALLJ 

t,he series consists of altemating thick bede ot blue-green 

and occasionally red badly laminated mudstonee and white to 

yellow medium to tine grained sandstone, the colours 

brightening and varying more considerably go~ upward.a. 

Looal variations are numer1>us suoh as small un­

oontorm1t1ea, talse bedding, limestone lentioles, etc. 

The water bearing pr6pertle1 are also varia.ble depending on 
(1) 

the topography and the rainfall. 

In the Central and southwestern Karroo are obtaine~ 

the highest avers.ge daily yields which the series has given, 

as the country is fairly flat-lying with a persistent inward 

dip, and advantage can be t,aken ot the numerous dolerite 

intrusions 1n selecting sites. The re.inf all apJAJa.rs to 

have had no influence 1n the South-western corner as the 

average yields here under a 51 annual average rainfall 1s 

equal to those obtained 1n areas with 15-20" annual average 

1n the central area. 

Generally these areaa have given consistent result• 

tor many yeara though there has been a drop 1n the average 

(1) AT.L.du To1t Borehole Water SUpplies in the Union ot s.A. 
rana & Mins. Proo ot S.A. Soc.E. 1988. 
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(2) 
daily yields ,iui1 1ng reoi:,nt, yaars whioh du •.ro1t attributes, 

not to do:,letion or over pwa:pi;;.1.3, but merely to t.he •shau-'­
ion of the more favourable sites, uaually situated no.1r 

springs, on draina3a l1na s a..'ld behind dykee. He fJ.130 draws 

attent~on to th6 f~ot thl.t it would appear that the average 
A 

daily yields tor boreholes drilled 1n Abordeen, Graaft 

Reinet, Victoria Wast, Hanover, Oradook ru1d Tarka., when 

considered a..•1Ju1a.lly, show v~1ations 1n relation to the 

rainfall for t.~e yeara reviewed, the averr.3.ge deptJ.1 to the 

water reniainlng ab:>ut the e~e ho~urvar. 

Coiupal"ing th16 wlt.h the results obtained 1n the 

Eooa Beds in the Nor.tJ1, t,here is a s1Iu1larity as higher 

~'lily a:ve.L1age ylalds seeut to be obtained after periods of 
(3) 

good preoip1tat1on • 'l'hor9 1s no evidence ot any lowering 

ot yields yet in this area.. proba.bl3 beoauee dr1111ng has 

not been continued tor so long a period. 

In the eastern and north'ea.st.e:rn portion the 

greatly d1sseot.ed nature ot the country has had an adverse 

1nfluenoe on the un,iergi:~ur,d watr1r storing capacity of the 

att.'ata. ti.nd has resulted 1n a large number ot small perched 

1:rater tabl~! o:fferi..~ l1m1tod yields to th8 l10les drilled 

into then1. nesults here coul.d probably l>e improved by very 

careful aelection of e1tee anu in some oases deeper boring 

a.a has been done at De Wetsdorp. G·enerally .however, dttep 
(2) 

boring has been no remedy ae pointed out by du Toit, and as 

borne out by the ane.lysia of the hol~s deeper than 300 • 

drilled in eeoh area (see tables and analyses). In consider 

ing the question of flowing supplies which were frequently 

obtained at shallow depths from these beds in the Central 

and Westem Karroo, and which today are seldom recorded, 

lt,/ ••• 
(2) Boreholes water supplies in the Union of s.At. T.M.R.s. 

A.S.C.E.1928. A.L.du Toit. 
(3) Explilnation to the Bethal Sheet. Chapter on underground 

water. H.F.Frommurze. 
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lt is suggested that apart, from the tact that the sites are 

not so tavourably situated to-day, there are not so many 

records coming from these part,s. In an investigation in 

the Richmond District recently it was observed that a 

number ot flowing aupplies had been opened recently along 

a long main dyke. The results trom Graatt Re1net where the 

Government Drills were called upon to do a oonaiderable 

amount ot drilling showed that tlow1ng supplies were still 

available eTen to-day. (See Table 7.) 

THE UPPER KARROO BEDS (MOLTBNO ARD STORMBERG SERIES) 

These series form highly dissected mountainous 

country on the borders ot Basutoland and are generally well 

watered by numerous amall springs and vleis. The beds 

consist of various coloured shales and coarse and tine 

grained yellow sandstones. They have not been drilled into 

ve17 much on account ot the natural supplies but reoorda 

show that they are not very good aquifers particularly the 

argillaoeous divisions. The records available are confined 

to the north and souht-westem portions of the outorop 

comprising the district.a of F1oltaburg,Ladybrand and Wodehous 

These average as follows: 

r10ksburs.Lad,.Vbrand.Wgd•hou11 
Total number of boreholes 
Average total depth in feet 

" depth at which water ia 
struck 1n feet. 

Average depth to which water 
rises (rest level) in feet. 

Average yield per 24 hours pumping 

6 
204 

99 

65 

1n gallons 9,800 

Peroent~r ~~:r ::e:ep enough 25 

(ci Holes with 1nsutt1ci­
ent water -Percentage ot Deep holes 1.e. 

deeper than 300 1 

i:~ :{er struclt shallower -
than 300 1 -

(c) Water struck deeper ti.m 
300' -

Average annual rainfall 3011 

62 
205 

91 

41 

17,500 

16 
6 

3 

6 

11 

44 
140 

84 

42 

8,600 

5 -
14 

-
2 

2 
20-25 11 

The/ •••• 
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THE STORMBERG VOLCANICS: 

This great area o:r lavas, tNf:f's, and agglomerates 

has not as tar as is known been touched by the drill 1n the 

central or Basutoland area. In t.he Lebombo area,however, 

where the voloanios stretch trom the Umtoloa1 River north­

wards up to the Limpopo and beyond a considerable amount ot 

drilling for water has taken place 1n these rooks 1n the 

lD..abisa, Nongoma and N'gtoeohe distr1ots 1n Northern Natal 

for the purpose ot land settlement. Here the basalts d1P­

p1ng eastwards, compose the prevailing fomat1on, but they 

are intersected by a system c:f vertioal parallel dykes 

strlk.ing north and south. These dykes are d1tf1oult to 

distinguish trom the basalts and they occur veey close 

togflJther otten not more than 50 1 apart,. The7 have the 

effect ot dividing the strat1t1ed lavas into narrow strips 

so that a borehole is taking its supply from elongated 

compartments which are separ•ted from eaoh other by the 

impervious dykes. Thus t,he voloanios, which 1n the north 

are ta1rly high yieldera of underground water, have not 

proved t,o be a good aquifer 1n this area. 

The average results are as tollowa:-

Number of boreholes trom which 1ntormat1on 
was taken. 

Average total depth ot boreholeA in teet 
1 depth to which water was struck 1n teet 
n " to " • rises rest l~vel 

1n teet. 
" yield per 24 hours pumping 1n gallons 

Percentage ot failures (al Total failures 
(b Holes not deep enough 
(c Holes with 1nsutfio1ent 

water to pump. 

150 
186 
116 

60 
15,000 

17 
4 

8 
Percentage ot deep holes 

i:i ~er struok shallower than 
4 

(o) 
Percentage ot brack water 
Average Anriual rainfall 

" 
3001 8 

• deeper than 300' 2 
20 

Thus it oan be seen that one 1n e•ery three hol9s 

tails to strllte water and one in every five delivers braok 

water. Owing to the dykes ment,1oned above both the oa\oh-

ment areas and the underground storage space tor each 

borehole/ ••• 
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borehole 1s limited, consequently on pWllping many ot these 

supplies d.1m1n1sh 1n quantity or are completely exhausted. 

There 1a no means ot overcoming t.his combination ot natural 

phenomena whioh makes itself felt even in seasons of normal 

rainfall, 1n dry years it is much worse. 

It 11 thought that numbers of small conservation 

dame founded on the dykes would fUmiah additional replenilb 

ment to that trom meteoric sources, and at the same time 

lessen the abort.age ot water. It this 1s put 1nt..o practice 

it will be 1ntez•est1ng to see what etteot this aurtaca 

storage will have on the water-table. 

§UH!4ARY OF BORn!G rQR WATER IN THE STORMBERG VOLCANICS 

l!ORplERN NATM,. 

DJm!.ll Ml tll~• 

Tlelb ln 1-9) 10- 100-1ro-ax,...,..a,o..350- tow,. 
pllou pd 100 l!O ax, 210 300 350 400 
24 !loun. 

tJp to 1000 4 8 ' • 2 a • 1000-10, 000 10 Z) 7 10 5 • a 1 11 
10, 000-a) • 000 5 1a , 6 1 l 1 3a 
Z,000-a>,000 8 4 3 a l 18 
30,000-40,000 s 3 1 1 l I 
40,000-50,000 6 2 1 8 
SO, 000-tk.\, 000 2 1 3 
eo. 000-,0, oex> 
70, 000-80, 000 2 1 3 
ao1ooo-ao1000 1 1 

!OfAl.8. 38 152 33 ~ 12 9 s a 1&9 

THE ECCA SERIES IM MAT61,: 

'!'hie series le the southward_ and eastward oon­

t1nua.t1on ot the Transvaal Eoca. It ha.a been divided 1nt,o 

Lower, ohietly argillaceous. Middle ohiefiy arenaceous, and 

Upper moatly shales again; 

They build highly d1eeoted country from the 

Transvaal border e~,etwards to a.bout JJs.gut, and though 

naturally well aupp11ed with surface waters as springs they 

do not contain large quantities ot underground water owing 

to the disseotion exoept along drainage lines where natural]. 

boreholes/ ••• 
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boreholes will not be required. Most ot the drilling takes 

plaoe on the large isolated blocks with free marginal out­

lets where extra water supplies are required tor stock and 

homesteada,etc. 

The following figures show the average obtained 

trom holes drilled 1n the Vryheld, Dundee, Helpmekaar, 

Nqutu and Mgotsohe Districts. 

Tot,al number ot holes 
ATerage total depth 1n teet 

• depth at wh1oh water is s truo.k in feet 
" • to • • rises rest level 

1n feet 
• quant.ity per 24 hours pumping in gallons 

Percentage ot failures i•i Total 
b Holes not deep enough 
o Insutt1o1ent water 

Percentage of Deep holes 

i:i Dry 
Water struck shallowAr 
than 300 1 

36 
163 
110 

45 
12,500 

aa -
11 

11 

8 
(o) Water struck deener t.han 

. 300 1 -Annual Average rainfall 

CONCLUSIONS: 

The fact that struoture and rainfall ar-e respone-

1ble tor the success and amount of water to be obtained by 

boring is well brought out by a study ot the averages 

obtained 1n the Karroo. In long stretches of rooks ot a 

similar composition as the Ecoa 1n the north the yields 

respond directly to the ra1ntall. 

The Basalts give excellent results 1n the north 

as would be expected trom a rock with their structure under 

a good rainfall, but 1n Zululand where the structure ls 

interfered with by many intrueions the yields decrease 

oons1derably. 

'l'he change from the predominantly arenaceous rook 

to the predominantly argillaoeous one is seen 1n the drop 

1n the yield trom the Eooa beds proceeding southwards. 

In the central areas the Beaufort Beds give 

oomparatively good yields under a moderate rainfall, to the 

east the rainfall increases but the average yield drops, 

due/,,. 
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due 1t 18 thought to the dissected nature ot the country. 

In the western areas the L"'\'1ka, produces aurpr1a1ng 

yield& under a low rainfall e.g. Laingsburg and Oalv1n1a. 

Here, however, the rooks are highly cleaved and t1ss1le due 

to their having taken part, 1n the Oape folding. 

'l'he intrusive doler1tes ot course b.ave AlEost the 

largest, part, 1n influencing the movement and storage of the 

underground water throughout the port.ion ot the Karroo 

where they ooour. They otten carry water themselves, e1-

peo1ally the sheets, but results are more errat1o when the 

drilling takes plaoe 1n the dolerite itself. 

In general the result.a obtained are comparatively 

good and probably could be greatly improved by careful 

selection and a little de~per drilling 1u some parts. 
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R.dd.er&'erg, -~1 bak. Iliad.el-
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1389 156 87 15 ... 5 • .,,, 2.3) 7.41t o.~ 3.~ lj ~ •• 25-30" Beil-.a. 34 12,tlX> 

®UP 3. Vndefort, Hoope\ad, 
G;;;n-.d. 83 La.1 fK) 37 9,310 2'1'/, ~ ~ ~ - ~ - ,,,,, lj a:>-25" 

G30UP 4. Outllers,Pff'oria. 
hl\a. 109 173 104 54 14,000 41.~ Ur' l?,4 ~ ~ 7.31, ~ •-~ 30" 
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:8'lshnld s.4atone. 153 lal 110 68 17.400 a,,; 1-.~ 7.7">. 4.8 1.4~ ~ ~ 2:1 25" 

B&S.ALfS 

GROUP IO. Spriagbokflau 214 122 83 151 29,000 3Y,4 W/4 13~ ~ 8.~ 2.&,4 4.21, 1.6', 

GIOUP II. Zout-penakrg 17 156 122 71 37.500 
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TABL1: 7. BJ:AD'JOB'r ~-
S>UTH WESTEBlf GBOUPS. 

llwlber ATerage ATerage Water Failure per cmt Deep Hole•~ ~t- nowiDg 
of Total Dep~h rise• Qwm\it7 BaiDtall Diatriot or 

To\al Hot d~ =f- ~ !!I •Wa•er 
Boles. 

borehole• Depth '° ..... 1;o. Iocal1-,. 
enough. clent hmffli ~. 

Yield.a. 
wa; er. 

22 IOI 73 29 36.786 5 Cal.Yi.Dia and ~ • Suther land. 

25 119 69 38 a:>,000 S-IO" Beauforl Wea• 16 9 

?DiTHRSTmlf (B)tJP 

3) 89 38 12 35,000 Phillipatown 15 25 
34 134 75 3) 28,33) I0-15" Phillipolos 23 5 6 I 4 
28 91 "3 22 a>,000 J'aure811ith ~ 

CE?fflW,GB()UP 

72 156 115 55 19,?00 15" Colesberg 8 13 Z) 1 1 
28 156 83 41 25,000 ls-a:>" Steynaburg 21 7 
«> IDS 53 38 Z>,900 I0-15" Mlddelburg 15 5 25 
87 119 ?9 52 a:>,600 15" Cradock 15 1 15 2 

4r,o 78 43 22 24,700 Pre tiuon" a, 
11 93 85 46 14,830 Tarka 

110 94 8) 25 37,900 18" Pre Union" 21 
68 147 IO? 56 25,560 15-3:>" Pearaton 22 11 

189 132 99 49 21,500 15-a:>" Graaff ReiDet 18 7 19 1.s 1.5 1 
113 102 72 27 28,700 "Pre Uaion 7 

73 148 91 47 22,000 a:,• Soaerset East 11 1 12 1 
37 134 94 23 31, ?00 15-3>" S.ithtield. 35 5 2 2 
49 160 91 54 14,700 a::>" Bloeafontein a> 4 4 
18 143 88 51 12,a:>o 33" Winburg 33 5 
li 14" 87 51 23,300 24" Lindle7 15 5 
15 178 78 40 6,760 25" Bethlehem 18 16 

~ GBOUP 

36 13) 61 41 I0,000 25-30" Sen.ekal 35 5 
a) 130 80 37 19,000 20-25" Tbaba N'1Chll 18 
14 26,000 De Wetsdorp 8 12 6 
43 116 82 41 12,~ a)-3() Kingrilliustown 26 18 26 
23 170 14&3 53 7,300 " and ~Pre-

10n. 
15 111 64 45 3,43:> 25-30 Stutterheia 33 a, 
17 199 145 53 13,000 30 Uatata 5 18 3 X, 

M)Lf!R) BEDS. 

62 3.)5 91 41 17,500 26" =rand 16 6 3 6 11 
6 Z)4 99 66 9,ax> 30 aburg 26 

" 140 84 42 8,8)() aJ-26 Wodehouse 5 14 2 2 

S'l'CJBlmBG. VOICAIIC IUBL. 

Uboabo 
148 188 116 &) 1s.ooo lgot8Cbe 1~ 4 8 4 8 2 ~ bnck waters. 

 
 
 


	The underground water-bearing properties of some of the more important formations in the union and portions of South West Africa 
	Contents 
	Chapter I 
	iii
	p001
	p002
	p003
	p004
	p004_i
	p004_ii
	p004_iii
	p005
	p006
	p007

	Chapter II 
	p008_i
	p008_ii
	p009
	p010
	p011
	p012
	p013
	p014
	p015
	p016
	p017
	p017_i
	p017_ii
	p018
	p019
	p020
	p020_i
	p021
	p022
	p023
	p023_i
	p023_ii
	p024
	p025
	p026
	p027
	p028
	p029
	p030
	p031
	p032
	p033
	p034
	p035

	Chapter III 
	p036_i
	p036_ii
	p037
	p038
	p039
	p040
	p041
	p042
	p043
	p044
	p045
	p045_i
	p046
	p047
	p048
	p049
	p049_i
	p050
	p051

	Chapter IV
	p051_ii
	p051_iii
	p051_iv
	p051_v
	p051_vi
	p051_vii
	p052
	p053
	p053_i
	p054
	p055
	p055_i
	p056
	p057
	p058
	p059
	p060
	p061
	p062
	p063
	p064
	p065
	p066
	p067
	p068
	p069
	p070
	p070_i
	p070_ii
	p071
	p072
	p073

	Chapter V 
	p074_i
	p074_ii
	p075
	p076
	p077
	p078
	p079
	p080
	p081
	p082
	p083
	p084
	p085
	p086
	p087
	p087_i_a
	p087_i_b
	p087_i_c
	p087_i_d
	p087_ii_a
	p087_ii_b

	Chapter VI 
	p088_i
	p088_ii
	p089
	p090
	p091
	p092
	p093
	p094
	p095
	p095_i
	p096
	p097
	p098
	p099
	p100
	p101
	p102
	p103
	p104
	p105
	p106
	p107
	p108
	p109
	p110
	p111
	p111_i_a
	p111_i_b
	p111_i_c
	p111_ii_a
	p111_ii_b
	p111_ii_c
	p111_ii_d




