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TnE THERMAL WATEns OF THE U:NioN OF SouTH AFRICA 

AND SouTH 'ArmcA. 

By Leslie E. Kent. 
(Communicated by permission of the Ilonnurn blc the Minister of J\Iines.) 

ARSTlL\CT. 
Tn the Union of South Af1·icn. SPVPnty-fm1r ;o:prin g-s a 1·e regm·<.kd as tlwrmal. i.e., 

issuing at exceed ing;,! ;) C. t he year ronn<!. Those ahove :n C. :u·r·. clus<;<:d 
ns l10t'., ;l sp ecial g!'o11p scalding wnters hccn neat •·tl fo r thuse with 
tcmpcraim'L's exceeding 60 ' C' . combined .di s clwq.\'e is c•;<t}mat<·d I·' ),c _S,tll'f!,IJn.o 
gallons (B0,2!JO cbm.) a day. one sprmg :done belll).!; ior ah:nost, a thiJ'(J c•i t!JJs 
total. Therm a I water also flow:; from several boreholes , 1n l1ve nf which I t wa s stJ·uek ;1 I; 
depths greah•r than 2,500 feet (71i2 m.). 

Twcnt.y-th·e nnalp:cs repi·<•s<•Jd ativc of n 11 1.hc t-yp•·s of lhNm nl "'"1 er knnwn in, t,hc 
country arc given, a nd of I hese teen have not pn' YJOL< Riy . .lhe 
waters conblin up to t\IJ mgm. per litre of silica., the stnle,; o f " ·hit-h al'e 

Sulphurdletl w:tters , which are defin ed as conlainiug more tlwn JO J'Jlgm. nC 
dissolved hydrogNl sulphide pN' litre, arc UJlcomnH!n in ,.\ fricn . , Jt, i::; su ggesl.cct 
tlmt 1.hc terms " moderately s ulphuretted " and '' >;h ghtly sulphur<"Hed shonld b e usc lL 
for those containing from G t•> 10 and frcm 1 to G m gm. p er litre of the diswb·ed gas 
t'eflpC'dively. 

Fluorine is a. p1·omincnt. minor COJ!stituf"nt. up to mgm. pc1· l iln' h<'illf! pn·s;'Tit. 
Strout.ium, nn ele111ent sddorn !'iougl1t in \Y:t!ers, occurs to the extent of nu.nll. IJC'I' 
lihc in '.\'lth·r frolll a de('p borclwk nenr Trolllps lnu·g. 

oht:dncd hv <'Y:tp<w:ttion were ;..pcei.J·<)C:l'rtph irnlly ''Xalllilll'd IJv Dl'. 1!. 
e in of (h e (;po \opcal l:iut·YcY. He led r><l tninor <:lrml'nis S<'Clncd i<J 

waters froDJ cPl'ia in genlug ir::tl fon11ations. Hough quantitative data ind i,·,d .. d 
that. the detnents Li. Ht· ;;nd H a di<luot fotnt .more than 0·1 per ccllL of lhe 
while l'b and both hau maxinniJn Yalues at·ourH l O·UOG ::er cent. 

'J'h <:J gas with th e W:ltcrs i;; of two types ; one is mainly air f• om whi ch 
most of the oxygen has b ce11 awl the other mainly metlwne, uccompan iP <l in 
some <'Hses hy hydrogPn. 'l'h i l.'t cen J\ C' W att<dyses :u ·.-, given . 

:_:pl'i t• g- deposits nt'l' not. <'Ollllllon and « re I'L'JH'l'S<''llt<'d only ],y I<' J'I' II C: innns nchrPs 
nncl ntcl's forr11l'd :-;pl'iugs iu t IH · l'i.1 pt· <.:Jll. is all itn !.Hll i :nd C•) H:...;t jt1.1C'llt 
of tl1(':--:c (l('JH•:-.;il:--;. J ?ulll' llf.'\\' arc g-iYf'tl. 

In most cases a close ip in composition exist;; !Jci wcr-•1 (h e t ho•J m·d \\'1\(<,' rs 
and waters struck in ><linllow hot·ehn l;·,; l>l' i>'suin g a s cnld ,;pl'i ll g·,; fru:H ih P ,;;wH· t: ••nlu:.;i•:al 
formations. \V he n d itfr·renc(':; ut her i han in dcg1·ee of ('' Jll C(\JJtrntion W l' l '<: n •J ted. it "''',; 
fonud that the th ermal Wel'P charac t•.·r·i,;lic oftJJ,, d eeper uw.l<'J' iyi.l' c' r o<'k f<.nu.atio:ls . 

All the th('t'mal waters arc meteoric. Geologica l 
shuctnres upon which the of lh<'J··nnl w a t C' J'S depend ,;. T h ese ar(• al'l e,, ian 
basin , artesian slope, barl'icr, and hults. The >'om·ce uf the h ,__at. i ;; prohablv th e n v l'l\L1l 
gco(h('I'Illal grndicnt in th e crm;l. His calcnlafe<l tlwt the tot al :tm<>ant of he:\( be i1: ::; 
brmtght to the surface by t he . \frica n tl!f'rma l spring,; is a pJW< >>: iJ J< :d ely ;-, ·S .·: 10 · io 
c:Jl. c m. 2 sec. or about a two-thou,;andth of that nornw,lly tlis;;iput ed by,., >iHlnet inu Lh !")\It' ll 
t.J1e <.' l'U St. . . 

, . Less is nbout tlw tllcl'lllal springs of t}l(' Territory of .';,)nth \ \'est .-\fdca. 
are kno"·n to be thermal, of which P..i ne arn a much 

l11ghcr proportion than in the cniu1t of South ;\fricH.. Thermal wnter beerr >< truck in 
man y fairly s hallow boreholes. -

A few analyses arc "iyen, all ol<l. The p otassium content. grc·n; ly Pxcccds tlwt of 
thcrr!Hll w:,tl?r" of tl:e t ·mon; 1s attnbutcd to the higher putas"ium con t c11 t of t h e 
gr·amtes ot South \\est. Afnca. 

The \Vindhoek sp t·ings have d epo,.ited extensive layers of calcareous t.ufa. 
S0uth \Vest African t hermal springs, loo. a re belieyed to rep!'<:iient. U 1r return nf 

mete?ne wat:er· to the mainly t hrough fault fissures, and in o;orne frnct::.n·c;;, 
assocta!ed \n1.h volcameity pos,;1b ly of CrctaecoLt:l age. 
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I. INTRODUCTION. 

2:!2 

2:34 
2:39 

2H 
244 
2·1fl 
246 
24R 
2·h! 

250 
250 
250 
250 
251 
251 
25L 
251 
252 
2S2 
255 
2Sil 

258 
258 
260 
2(;(} 
2oL 
261 

263 
264 

J<'or n, non-Yolen,nie country the U11ion of Sout.h Af rica is relatively wcll-
('JHlowctl with t.h('l'llUtl springs. There a.n'· no clcfinitc t hermal regions, and with 
ft'W <·xr·<·p1 ion:-; the springs occur sporadically thro1ighflut those parts of the· 
eountn· when' the rainfall exceeds 10 inches (25.4 cm.), i.e. in all save· 
t.he arid N or1 h of the province of the Cn,pe of Good Hope. 

The na.lnra.l hot waters of the wt'stern Cape Province attracted the early 
explorl'rs a.nrl t.ra.vcllers, and Calcdon •tnd some of the other springs have been 
ht><tl1·h resorts since thr early 19th century. The first scientific account of them,. 
hy T. E,. Gmnpreeht,'' is now alniost a. hundred years old. His descriptions 
indnclt>d kmp<'ratun· mt'asun·nH•nt.s but no chemical analyses. The first att.cmpt 
a.t. a chemieall·hssitiea.1ion of all the !mown South African" medicinal " springs. 
wafi publishP<l by M. )f. in HllG, a.nd t.he work was continued as a series 
of pap1•rs. Tlwse dPa.l I'Ssentially with t.hc• ehcmical composition of the waters. 
In moil t &ccountR of arc•as wlwre thermal Rprings arc found they have· 
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eit;hcr been complct<'lyignore<l, or thPir existPncP has merely bt>t>n noted. Reason-
ably det.ailed descriptions by of only the Lilani, 7 Amanzi, 8 

valley ,u Letaba,l7 Lon barl,I 8 Sou t.ing-,1 9 ant! Hu lll'IR!JOC'k20 arc :Lvailahlc 
in print., but sev<•ral ot.hers have lll'en invest.igat(•d n•c(•nt.Iy, aud it hoped 
within a few years to publish a Oeological Survey l\h•moir on the th(•rtnal 
of South Africa. 

Artesian supplies of t.lt<'rmal water have beC'n struck in several borcholes; 
most of t.ht>m an• dP<'p, having h<'<'lt drilled in search of gol<l rP<'fs or oil. 'Varm 
waters have also be1•n <•twonnt<•n·d in a f<•w of tlw ll<'Pper min(•S. 

II . CLASSIFICATION OF THERMAL 'VATEHR 01'0 THE TIASJS OF 
TEMPEit.ATUHE. 

It appears to largely a matt.Pr of opiuion wlwre the line should 
be drawn between thermal and non-thermal waters. Kirk Bryan3 mentioned 
tltat it. is usually t.ahn as 70"F . but that: to 25 ' F. (l1·1°-l:Hl°C.) 
above the mean for thl' region bt> prl'fer:tble. In the most 
account of the thermal springs of t.he Unitetl States, however, l-\omc arc inelnde,rl 
"whoRe t.emperatun•s may not be more than l0°F. (5·6°0.) above the mean 
ll,nnual temperature of the locality where they issue."32 In an oflieial Canadian 
publication1 0 thermal springs ar1· rklin<'d as those at. abovr• 70'JF . (21· t °C. ) 
the year round, thow above 90"1<'. being described as hot. In Southern 
Rhodesia, thP Union's bour to the north , t.hc dividing tenqwratnrc of 
20°0. (68°F.) has been eltosen.22 This follows elimatological usage GS ''F. is 
rcgarderl as t.he temperature separating " mild " from whereas 80°F . 
(26·7°0.) is used t.o SC'parate "warm " from " hot." }Iost balneot.herapists 
regarrl 8Q.°F. as the division betwcPn cool and tepid watcrsl and they waters 
betwe\•.n 92 ° and 98°F. (:33 ·3°-3fi·7 'JC.) as warm, between 98° and 104° 1<'. (;)G·7°-
40 ·0°C.) as hot., and above .10-I ' F . very hot.. On an Ttalian f'.la:-;sification2" 

waters below 20°C. regarded as cold, those between 20 ° a:td 30°C'. as hypo-
thermal, those betwC'en 30° and •J.0°C. as thermal, anrl those above 4.0°C. as 
hyperthermal. The selwme TJroposed by the Int<'rnational Soei"ty of l\Iedical 
Hydrology is rather similar-wat<' rs below 20°C. are termed col!l, betw<•(•rt 200 
and 37°C. subthcrmal, from 37 ° t.o 42 °C. thermal, and above 42°0. hyperthcrmal. 

The mean annual air t.empl'rature of the Union of South .Africa rang1"s 
between approximatocly 55 ° anJ I0°F. 1Iost. of t.ltc eountry falis 
bet.wPen t.ll<' 55° and GG o:F. isot.h<·rms, but man .v of t.he thermal springs lie in the 
65 ° to 70°F. (18 ·3°-2l·l vC.) bl'IL 24 Thus it would appear to he ina1lvisa!Jle to set. a. 
limit below 25°C. (77 °1<'.) aR tlie division bet.wl'en thc·rmal all!l non-t.lwrmal 
waters . Even for human blood-hpa,t, appears a moRt fmtisfactory 

· tempt>ratu_re for dividing warm from hot. waters. In a :mbtr•lpieal country like 
South Afnea warm waters therefore havc a r ange of l2 °C. A tH•w dividing line 
is propoSC'rl at, 50oC. (1 t.o RP parat.e hot from sealding waterH. Ori 1 hiR -baHiil' 
the hot waters have a range of 13°C. Thus the proposPd is : 

Warm .. 
Hot or hypert.hct·mal 
Scalding . . 

25°-37 °C. 
37°-50°C. 

above 50 'C. 

, . 
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Nat,ural wat.<•rR wit.h t.emp<'rat.urPs bPtWPI'Il t.l1e mean air tPmperatnre and 
2G °C. lH· cla.;;se!1 as t I'Jli<L Provision may lw m a!}<' in t lw cla:>Kifwat.ion for 
lJOiling :11Hl f:HlJH'rh<•flt.r<l wl!.t-rn;, hnt, t.h<>s<' a.rP not. known in Sont·h Afric:>. On the 
hn of t h <' ,.e ebssifirM.ion are sr·ven -four th<·rtiH1l spring:; n,ud nine 
t.Jwnnal .a.rt.Psi:tn bon:holes, or groups of borl'IJOlrs. kncnvn in t.he Union of South 
Afri<":1 (area ·J7 :.!,:i50 sq. milPs or 122.3fll.:230 lwct.ar<'s). On t.hc map (Fig. 1) 

srY\·nty-hlo spring>; :1rt· 1.11(• arl<litional ones O('<'llr near the 
dam and t-hr Yillag-P of Roos Sc·n<'ka.l, bo1.h ir.. 1.1w _q<•nt.ral 

SPRINGS. ARTESIAN BonEHOI.EB. 

Warm.. . . 39 6 
Hot . . . . 24 2 
Scalding . . 6 1 
TC'mperature 

unknown . . 5 

74 9 

Ill. DISCHARGES OF SPRINGS. 
.The spring at Brn.ndvlei in the of the Capr Province is by far the 

strongest. th!'rmal spring in South Africa , having a daily diseharge of 2, -130,000 
gallons. cbllJ.). Of the others .Aliwal Nort·h exc1•t•ds a cuscc (540,000 
gallons or cbnl: per day) . Brandvlei is ttlso the hottest spring in the country, 
while Aliwal North has a higher t emperature than the other springs in the 
nm th-eastprn Cape Province and adjaeent Orange Free State. 

Of thr springs that. have bern gauged only the .two mentioned above attain 
third magnitude on :Meinzer:s elassifieation, whereas there are eight of fourth 
magnitude, and fourteen of fifth magnitude. 

A preliminary f'st.imate givPs t.hr Pombinrrl dischargf' of all the thermal 
spring-r:; in tJJ(> Uni011 of South Africa as 8,000,000 gallons (36,290 cbm.) per day. 

HTI' ft·w Jignn•s avail:tbll' from ot.llt•r eonntrieR t.hat en.n bf' quotrd for 
comparison. In the United States of America, which has an area six and a half 
tirh rs greatrr th an that of the Union, the thermal springs have a daily discharge 
of 7:20,000,<Ht0 lJ.S. gallons. (2,719,000 cbm.)32 

In Tahle (pp. 235-237) the result-s are given of recent measurements of 
flow ancl h·mperaturc, toget-her with g<·olog-ieal and chemical data. Only 
those ::.Jwi ng-1\ for which reliable inform ation iR available are included. 

The flowt; of t.he thermal artesian borpholcs are given in t he Table on page 248. 

IV. CLASSIFICATION OF THERMAL W ATEHS ACCORDING TO CHEMICAL 
COMPOSITION. 

th erapeutic value of thermal waters is often ascribed to constituents of 
rclat.iYrly minor importance chemicallr, a nd waters arc commonly classed as 
"arsenical," " lithia," " iodine," etc. U nder the heading " sulphur springs " 
Rindl26 included several containing less than 1 mgm.prr litre of dissolved hydro-
gen sulphide and hydrosulphide ions. Aceording to l\iatsuo21 sulphur springs 
should contain at least 10 mgm. per litre of free hydrogen sulphide. It is not 
known if this definition has been found generally acceptable ; if it has, then as 
far as our present knowledge goes there is only one thermal sulphur spring in 
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34° 15' 

33° 44' 

286 32' 

27° 32' 

SOUTH AFRICAN THERMAL SPRIN GS. 

FLOW. ·Chemical 
Lon gi- Tem- Classi- Geological structure · Observer of tempera-
tu de perature Imp. Cu. fication determining t ure and flow, or oE. oc. Galls. / m et.res/ (Bond origin. (r eference) and date. 

24. h rs. 24 hrs. Syst em). * 

ll,022 E Middle Cretaceous fault C. Preston, l!H7 (flow) 10° 25' 64 ·2 2,4.30,000 
in Cape system L. E. Kent , 1947 
( Devonian - L ower (temp. ) 
Carbon iferous). 

30° 10' 57 ·2 100,000 454 D,B Intersection of t wo post-
P ermia n fa.ults in Upper 
K a rroo. 

H. N. Visser, 1948. 

31° 0' 52-53 - - A (SO.) Fa nit in Arehaean amp h i-
bolites and gncisses. 

T. W. Gevers, 19.12. 

28° 18' 51 ·9 160,000 726 D P ost-Karroo fault i n (:\L Rind!, 1931.) 
Buslweld granite (pre-
Cambrian). 

21° 46' 50-51 144,500 655 E (Fe) Middle Cret<tceous fitult L . E. K ent and P. G . 
in Table Mounta in sel"ies, du Plessis, 1 947. 
Ca pe system. 

30° 35' 50 180,000 817 D Fracture in Archaean Baths Superintendent, 
- - - g1·anite. l!J48. 

3,014,500 13,674 
=-= 

-
19° 27' 49 180,000 817 E (Fe) Micldle Cretaceous fault 

in Cape system . 
(l\1. Rind!, 1931.) 

20° 54' 45 ·6 174,000 789 E (Fe) F aul t at nose of a n t icline 
of T ab le Mountain series. 

L . E . K ent , 1947. 

19° 33' 44 ·4 15,000 68 - Fracture zon e inArchacan D . J . L . Visser, 1941l. 

30° 52' 44 ·4 64,800 294 D 
gra nodiorite . 

- - Owners, 1936. 

*Bond clas:-;es the underground waters of South Africa into five groups designated A to E . For the s ignificance of t hese lettet·s, see page 238 
of this paper. T he small symbols added in bracketH, i .e., so., l<'e and S, denote respectively sulphate-rich wa t ers, chalybeatic waters, 
and containing m or e tha n I mgm. p er litre of H 2S. · - -
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SOUTH AFRICAN T HERMAL SP.RINGS 

Lati- Longi-
Spring. tu de tu de cs . oE . 

Toverwater .. 33° 24' 
_.,._ 

23° 10' 

Wdgevonden . . 24. 0 27' 28" 34.' 

Souting .. 23" 25' 30° 51' 
. Mpefu .. . . 22° 55' 30° 10' 

Die Bad .. 32° 45' 19° 2' 

Tugelat .. 22 ° 34' 28° 37' 
Letaba .. 23° 39' 30° 40' 

Black Umfolosi 28° 2' 31° 18' 

Goudini . . a3° 40' HI' 16' 

Lilani .. . . 29 ° 7' 30° 51' 

Die Oog .. 24 ° 26' 28° 37' 

Viscbgat .. 24° 34' 28° 36' 

Skuitdrif Oos .. 28° 30' 19° 43' 

Gordonia .. 22° 35' 30° 10' 
---

I -Tem-I 
H·3 

<14 

43·9 
42·8, 43·7 

42·2-43·2 

42 -S 
40·1-42 

41 

40 ·1 

38-40 

:m ·5 

39·5 

-=:a8 

I 37 ·7 

Fr.ow. Chemical 
1----· ( 'la,.;;i- () Po l0!'icn I ;;t ruet ure Ob,.eryer of tempera-

r mp. 
' 

('u . fication dt·lermiuing t nre and flow , or 
(;nlk i (Bond origin. {rt•ferenee) .. .1d tlate. 
2! hr;; . i 2! hrs. System). ; I Crl'tnecons fault 

--
2Hl,OOO 9SO E (Fe) L . E. Kent (temp.) 

in ('ap{• sy:<tf'm. anti n. \ \'allace (flow), 
I HI Hi. 

12,500 57 - I Diaba,;t.• dyke post- J. \ \ '. von Backstrom, 
E:nToo (post-l't•rulian) 1938. 
fau lt. in Hooiberg fe lsiles. 

30,000 136 A Faultiu .·\ rchaea ll!'ranite. T. \V. Gevers, 19!5 . 
- - }} Pr·e-Kar·r·no {pt·e-Car·honi- L. E. Kent, l9a9 . 

ferous) fanlt. 
- - - ··nanicr on west. M. Hind!, 191G. 

limb of syHcline in l'rtpe 
( t-;, ., . Fig.:!). 

2,(;50 12 A( SO,) .(oin!s in . \rchaean !-(IH•iss. L. E . Kent. 1948. 
91,000 413 A Ookritf' tl\·k•.• in .\rch- L. E. 

aean gnP\ss.ic gTa nitc'. 
- - B (8) Fis;;ur.-s in Owvka tillite G. -'folt•ngraaff, 1898. 

(t.:. C:arbonifer·uus) uver-
lying c\rchaean rock,; . 

t> - - E -'fiddle g-raben L .. E. Kent, 1945. 
in Cape system {see Fig. 2) 

- - - D (H) Fract.ttre zone in ,\rch- A. L. du Toit, l!H6. 
:u·an gneisses and amphi-

32,000 145 E Diabase dyke along post- J. W. von Bacl.:.stri:J.m, 
Karroq fttul'. in Rooiberg 1938. 
felsites. 

20,000 01 - Post-Karroo fault in " " 
- - -

Bushveld granite. 
Fracture zone in Archaean D. J. L. Visser, 1943. 
granite. 

- - - Fault in Archaean gneiss. H. X. Visser, 1948. 

t Borehole near spt!::-.g flows at t h e rate of 15,600 galls. {71 cbm.) per 24 hours, the temperature of the water beil}g 48 ·9°0. 
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t Borehole near !!pring flows at the rate of 15.600 galls. (71 cbm.) per 24 hours, the temperature of the water being 48 ·9·C. 
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SOUTH AFRICAN THERMAL SPRINGS 

.m 
Cl;:> 
Z--r: 
>-<o . ll; . 
oow 

iX:iX: <:p 

Spring. 
Lati-
tude ·s. 

Longi-
tude 
•E. 

I FLOW. i Chemical 
Tern- ' Classi-

24 hrs. 24 hrs. System). 

perature I Imp. Cu. fication 
"C. Galls. / metres/ I (Bond 

. 
Ali wal North .. 

Loubad 

Gamka valley .. 

Malmesbury 

Groves bad 

Evangelina 

Sulphur springs 
Cradock .. 

Buffelshoek 

R tuiwal 

Badsfontein 

Winburg 
Vetfontein 
Knegha Drift .. 

Riffot:tein 

Machadodorp . . 
Fot-t Beaufort .. 
St inkfuntein 

Etembeni 

Grasrand 
. "I 

so• 43' 

24° S6' 

ss· 40' 

ss· 28' 

25° 21 I 

22° 25' 

27 ° 11' 
S2° 8' 

24° 34' 

so· 52' 

so· 53' 

28° 33' 
22° 47' so· 28' 

24° 50' 

25° 39' 
32° 50' 
32° 40' 

28° 51' 

32• HJ' 

W-9 
28° 11' 27 ·1-S4·1 

21 ° 43' .,. S2 ·3-33 -2 

18° 43' S2·8 

29° 2' ! 32·8 

29° 11' 

31 ° 6' 
25° 27' 

27 ° 36' 

25° 35' 

25° 47' 

26° 55' 
29° 23' 
28 ° 39' 

29° 18' 

so• 15' 
26° ·10' 
21" 1 59' 

so· 29 ' 

24° 27' 

32·5 

H1 
29-S1·S 

S0·6 

HO 

25·5-30·0 

29·5 
29 ·5 
29·3 

28 ·3-29·0 

27·5-28·5 
27 ·0-29·0 

28·7 

28 

26 

S.J.O,oOO 

414,300 

65,500 

180,000 

120,000 
18,300 

17,000 

56,000 

51,000 

4,000 

8,000 

45,000 
17 ,300 
7,500 

s.ooo I 

S,813 

1,879 

297 

816 

544 
83 

77 

254 

231 

18 

36 

204 
79 
3! 

16-

A 

E 

E (Fe) 

A (S) 

A( SO,} 

E (S) 
D (S) 

D 

D 

B 

A 

A-B 
D 

D (8) 
D (S ) 

B 

Geological structure 
determining 

origin. 

Dolerite dyke in Beaufort 
series (L. Triassic). 
At·tesian basin in '\Vater-
b erg system (pre-Cam-
brian ?) (See Fig. 2). 
Middle Cretaceous fault 
in Table :\fountain series. 
Fracture :rone in Cape 
gra nite (pre-Cambl'ian ?). 
Fis;;ures in Busln·eld 
gra ni te. 
lJiabase dyke in .-\rchaean 
gneiss. 

D o lerite dykes in B eaufort 
series sediments. 

dyke as ban·ier 
on artesian slope of Bush· 
Yeld granit e. (See Pig. 2). 
Dolet·ite d yke in B eaufort 
series. 
Dolerite dyke in Beaufort 
series. 

Post-Karroo fault. 
I>olerite dyke in Beaufort 
series. 
Fault in H ooiberg series 
(pre-Cambrian). 

-
in Beaufort sel"ies. 

Ma jor joint in syncline of 
L . B eauto1·t sediments. 
Dulerite ·;;ill in Ecca series 
( l'ermian) shales. 
J oints in L. Beaufort 
sedimen ts. 

Observer of tempera-
ture and flow, or 

(reference) and date. 

S. V. R. 1927. 

L. E. Kent, 1940-
1943. 

L. E. Kent and P. G. 
du Plessis, 194 7. 
J. :\[uller , 1922. 

L. E. Kent, 1942. 

L. E. Kent and 0. R. 
van Eeden, 1941. 
J. K. :\Iarais, lfl.J-6. 
L . E. Kent, I 946. 

L. E. Kent and H. D. 
Hussell, 1944. 

D. J. L. Yisse1·, 1947. 

D. J. L. Visser, l947. 

M. Hind!, 1918. 
L. E. Kent, 1945. 
L. E. K ent., 1947. 

L. E. K ent, 1942, and 
J. T. Wessels, 1948. 
(IlL Hind!, 19ltl.) 
L. E. K ent, I 9.J.i. 
L. E. K ent, 11H9. 

.-\. L. du 'l'oi t, 1931. 

L. E. Kent, 1949. 
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Sout.h Africa, St.inkfont.cin in the Cape Province. In special sa.mpl<>s taken at 
vario;Js quite st.rongly of hydrogen r:mlphidP this fugitive con-
stit·twnt. was fiX('a imm(·diatPly as cadmium sulphide. Despite this precaution 
the ltigiH•st for dissolV<·rl hydrogen sulphide were Hl·O and 6 ·2 
m gm. per I it re-for springs at St.inkfontein and near Fort Beaufort re-

"\t Badplaats and where the odour of hydrogen sulphide 
is onl)' slight, analyses showed only 0·2 and 0 ·5 mgm. per litre of the dis-
sol v(•<l ga1; rcspect.i vely. 

ln view of the importance attached by balneothcr!l.pists to the presence of 
dissolve(} hydrogen sulphide in waters, the foilowing definitions are 

Snlphnrrtt.ell waters contain over 10 mgm. per litre dissolved H 2S (including 
HS') 

:Moderately sulphuretted waters contain between 5 and 10 mgin. per litre 
dissolved H 2S (including HS') 

Slight.ly sulphuretted wat.ers cont.ain between 1 and 5 mgm. per litre dis-
solved H 2S (including HS') 

Sulphurous waters, i.e. those containing dissolved sulphur dioxide, are not 
known from South Africa, but the same limiting values could be used. 

Waters that deposit hydroxides .of iron present rather a difficult problem as 
regards classification. The Fe" content of these so-called chalybeate springs is 
often surprisingly low. A recent series of analyses gave values of 0·7, 2·3, 2·9, 
3·8, s.nd 7 ·7 m gm. per litre for theJ!'e" content of the \Varmwaterberg, Olifants 
valley, Calellon, Zwartkops, and Gamka valley springs respectively. Manganese 
is actually prPsrnt in slight excess over iron in the Warmwaterberg, Caledon and 
Olifant.s vall<>y thermal waters. 

The iron is almost certainly present as ferrous bicarbonat.e, and, as is well 
known, sucl1 waters seldom contain more than 30 m gm. per litre of Fe-· . Sulphate 
watPrs, on the other hanrl, may contain as much as 1 gm. per litre of Fe·· in 
the form of ferrous sulphate. The only of t.his latter type known 
iu the Union are at .Amanzi8 (Balmoral) , near Port Elizabeth, and Inungi; their 
waters conhtin 48·5 and 52·9 mgm. per litre of Fe" respectively.18 

With the exception of these two it is proposed to term the iron-depositing 
springs " chalybcatic" rather than "chalybeate." 

In his 11 Geochemical Survey of the Underg!'ound Water Supplies of the · 
Union of South Africa," published in 1946, Eond2 recognised five distinct classes: 

A-Hi f{hly mineralised Chloride-Sulphate waws. 
Tuta.J solids>l,OOO rngm. p er litre. Cl'>27 per cent. SO,w>5 per cent. 

B-tHighUy saline Chloride Waters. 
Total soli(h<> a00 < 500 rngrn. per litre. Cl'>27 per cent. SO,w<3 per cent. 

C-Temporary hard Carbonate Waters. · 
Total solids<800 mgm. per litre. pH>7 ·6. 

D-Alkalinc 1-'od::t Carbonate \Vaters. 
Total solids< l,OOO mgrn. per litre. 
Na.(:o , or NallCO,>iG per cent. Permanent hardness, nil. 

E-" Pnre" \Va.ters. 
Tout! solids< 150 m gm. per litre. pH < 7 ·1. 

Bond's2 investigations were mainly in connection with · the utilisation of 
underground water in power production and industry, and his analyses thus are 
not detailed and are expressed in accordance with technological conventions. 
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However, as his :Memoir includes tlw firRt ma.p showing the distribution of various 
typc·s of underground water in the Union of So1Jth Africa, it was thought advisable 
not t-o tlep.art from his scheme of It. was though slightly moclifled 
to wat.ers witil total dissolved solids U}l to 200 mgm. per litre t-o be placed 
in gronp" E." 

V. NO':fES ON 'fllE WA'fEH ANALYSES. 

The Tables facing UO cont2.in twent-r-five analyses represeht.at.ive 
of the various types of thermal water occurring in Africa. Three are from 
deep, artesian boreholes, the remaindPr of springs. Several were made expressly 
for this paper, and no less than seventeen have not been previously publisb('d. * 
They have all been recalculated, wh(•n necessary, in terms of mgm. of ions per 
litre, and the millinormalities (N /1 ,llOO) have been worked out. This follows the 
recommendations of the Intcrnationn.l Soeiety of Medical Hydrology (I.S.M. ). 
One departure from the Society's rPeommondations has been the determination 
whenever possible of both 003* a.nd IIC03'. A review of the litera.ture showPd 
that most chemists return the total c::trbonate a.s Pith er C0 3* or HC0 3'. Several 
of our thermal waters contain both (c.g:. Badplaats, Chipise, and the alkaline 
Upper Karroo springs), and separate determination is essent.ial in waters of 
fairly high pH. · 

The place to be as-signed to silica is problematical. Analysts return it various-
ly as Si0 2, SiO/, H 2Si0 3 ; HSi0 3', etc.; but these are mere conventions and, 
as a rule, :no definite rPason can be g:i vcn for the selPet.ion of one as oppos('d to 
another. The point is of great. importance, for if the silica is present as Si0 3" or 
HSi0 3' it should be included amongst the rmions . . 

From a study of recent clwmien-1 literature Hoy30 has concluded that at, the 
coneentrations characteristic of natur:tl surface waters silica is probably present 
in the ionie eondit.ion. This is probably so at low conct'ntra.t.ions of the 
order of 10 mgm. of silica per lit-re. Stumfer34, for example, found that at con-
centrat;ions of up to 5 mgm. per litre all the silica was molecularly dispersed, but 
that above this limiting figure there was an increasing proportion of " colloidal " 
silica. For thermal springs with rather high silica contents the dialysis experi-
ments of Frcsenius12 suggest that the silica is probably present as di-silicic acid 
(H 2Si 20 5), and that only a small fraction of up to 1 per cent. is colloidal. Unlike 
most chemists who l1ave done research on the stat-e of silica dissolved in water 
Frescnius worked not on artificial solutions, but with actual spring waters having 
Si0 2 contents ranging from 33 ·2 to 180·2 mgm. per litre. 

The present analyses show t-hat the content. of silica, expressed as SiO • _, 
ranges from 11·0 to 8fi ·O mgm. per litre. In nearly all of the waters wit-h a high 
'pH value (i.e. the alkaline waters) the total millinormality of the anions exceeds 

• Those credited to Messrs. W. Sunkel, P. Kok, C. F. J. van d er Walt, C. J. Liebcn-
berg and H. S. Schoeman w ere made in the laboratories of the Division of Chemical 
Services , Department of Agriculture. Those by Messrs. J. Gray, J. Muller and McLa chla n 
and Lazar, consulting c•JCmists, are included by kind p<•rmission. 'l'he remainder were 
taken from Dr. publications.2• 

• l4M.liU K4Aii 
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t !tat of t:lJ<' ea !.ions; siliea t.ltns hardly be present as anions or the ionic balance 
woul•l he Iu tlw Iwutral or only :tlkalinn waters, 
on the ot.lwr II:J.It<l, tlH•rt• is :t dPtiei<'ll<'Y of au!l of the 

br preiient in t.lH' form of iomc Unfortunakly no aeidic thermal 
wat(•rs <m' known in South Afrita. It is interesting t.o not-e that Dicnert 

and \Y:mdenbnlekc·6, working with lllade-up solutions of S<'a wah•r, found in 
nNttra,! fhiHl alk<Llinc solutions that th!• eonv<·rsion of eolloidal to non-eolloidal 
silie:t is aceeh>r:Lt <·tl, hut lM!ids trnd to prevent, eonversion. ThC' C'Onelnsion reached 
w:ti' that in •ntnntl wM.(•rs sili<·-a. is <tln1oxt !'Xelusin·ly non-r·olloidal, lH'cause t.he 
alkalittP earbon:tt C\R in the wat <'I" would eonv(•rt. an:-.- c·.olloidal <;i]i!·a t.o t.hc non-
eoi! ;Jirlal form. AnoOter possibilit.y is tlnLt. complexos may be prPsent,, in whieh 
silic1. is linked with PIPment.s like fluorine. 

This lirw ot :.trgumt>nt is only valid if the cations are accurately determined. 
In n•:tny c:uwii analyst.s arrive at. their Na' figurC's by c:tlr·nla.tions based on the 
linking of positive and ions to form hypothcOeal salts. In of the 
wat-r·rs the :Na' (att<l inei!h•ntn.lly Mso tlw 1\fg") was alHo dt>IPrminPd gravimetri-

hy Mr. R C. llaumann of t,hc Uivi8ion of Chcrnic:ol Sn·vices, Pretoria. His 
n•f;nlts agreNl rPm:trlmhly elosely with t-hoi-ie pn·,·ionsly obtained by calculation, 

is Hhown by the following examples :-

\Vat.cr . 

"'nrntwatcrberg 
l.'.wal'lkops .. 
Hiff"ontcin .. 
T.U. T. (Trompsbnrg) 

i\'::t (ealculat.!'d). 

1 ·H m gm. per litre 
Hl·8 
234 ·7 

2,li2fl 

N!t (gravimct rically). 
- ---------

22 ·3 m gm. per litre 
145 ·4 
233·5 

2,665·3 , " 
" 

Aft<•r a cousiderMiou of all thl·se facts it was deci,l<>d to express t.he total 
dissolved silica Si0 2 , the form in faet in which it was determin<•cl by the 

nwtho!l (•lllploy<'!l in tlw (iov(•rnment- laboratoriC's. 'ro show t.he 
i·tT<·ct of it :-.s lwing pn•sent in t-he form of ions, millinormalities have 
hf'r•n ••a.lenla.trd a,s if it wPre pn•sen t as SiO 3". 

The fi.gurC's for dissolvrd hydrogen sulphide in the recent analyses 
(eredit .cd to \V. Sunkel and P . Kok) an• quite rP!iable, as special samples were 
t.akr•n in which it, was immediat.!'ly fixc·d as insoluble cadmium sulphide. 

'!'he chalyheat.ic watt:'rs deposited ferric hydrates in the bottles en 
rout(\ to Pretoria. 'l'hus t.he pH valtws determined by the analysts do 
not. refer to the water as diseharged by the springs. The iron and 
a.ceompanying }:tluminium were rt>tnrned as oxides by t.lw analysts; in the 
Tables t>hey arP expressNl as iom, but the millinormalit,iel'\ arc enclosed in 
brackets to show that t.hesP it.ems wrn•. not in solution when analysed. 
In t.Jw wat.C'rl'\ from WarmwaterbPrg, Fort. Beaufort, Olifants valley, and 
Natal sua the total amount. of iron and aluminium oxides did not cxceod 
4 mgm. per litre, and thcy W('re not. r(•turned separately. To arrive at an approxi-
matC'ly figure for the millinormalit.y it was assumed that, ha]( consisted of iron 
oxide. 

Fluorine was determined in most of the waters. It. ranges from mere traces 
up to 13 ·2 mgm. per litre. It. is often present in fairly large amounts in borehole 
watt•rs in South Africa,2 and it.s presence can no longer be assunwd to indicate 
juvenile origin. 
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Of interest. is f.Jw or.cmT<•nce of 7 ·2 mgm. per lit-re of Sr .. in the water from a 
deep borehole near in the Ora.nge l•'rce State. It amounf.s, howev<'r, 
to onl? 0·09 per cent;. of the t.otal disRolv<·ll solids. 

Saline rC'sirhws obtained by evaporat-ion wen•. referred for spect.rog-rapllic 
analysis to Dr. B. '\VaRserstein of t.he Survey, whose report. follows. 
The· four waters from the Cape system :md tlte water from the spring at 
Fort Beaufort clcposit.C'd iron and a.lnmininm hyrlroxides before the sampl<•s 
reached t.he analyst.. The deposit.s ha<l to h<• removPcl from the bof..t.les by acidR 
arHl t-hus eould not be included in the wat.er f,[Lkf'n f.o dryness. Snch dements a:-; 
Cu, M:n, Ba, and As w:mld be. precipitat<•d together with the 
and for this reason t.he spectrogra.phic data may lH' in('.omplet-e. 

VJ. SPECTHOGRAPHJC DATA ON FHOM THERMAL WA'l'J<;HS 
BY B. W ASSBHSTEJ K 

The soluble solids obtained from evaporating the waters analysed by the 
Division of Chemical St>rvices were subjected to qualitative spect.rorlwmieal 
analyr;is. The rf'snlts are listed in the 'l'able on page 243, and aR a qull.ntitativl\ 
gni.rk. the intensity of each l'lt>nwnt.-line has be<•n visually estimated nsing an 
arbitrary scale from zero to 10. This allowR a comparison vertically, a.nfi. to a 
lesser ext.cnt horizontally, bet.wP<'n the elements Pb, l\Io, Li, B:t aud possibly M n, 
as t.hf'ir limits of cld.Pdion are viz. 0·002 ]Wl' cent. or 0·003 per cent. of 
the solid. For Al t-he S(\nsitivit .. v is much less, JWrhaps not better than o:3 JWr 
cent., whereas for Sr, it is mueh greater, probahl.\· 0·0001 per cent.-thr•se 1,,,o 
clenwnts can certainly only be compared in their respective coin m ns. 

In order to be able to judge the " order of magnitude " of the more impor-
tant components, mixtures wPre synt.h<·sised with pure sodium ehloridl• as· a 
base-this was tlH• commonest major eomponent, by far, in the waters Pxa.mirwd 
here. The mixtur•·s made contained rPRpect-ivd,,- 1 per cent.; 0·1 ·per cent.. ; 
0·01 per ecnt. ; aJI(l 0·001. ppr cent. of the <•lenrPnts l'b, Mo, Li, Sr, and lht. 
They were arct>d a nwn ber of times and th<> intensities noted for thf\ diiTcrPnt . 
eonccntrations; tlwse observations SPrved as a basis for approximate quanti-
tative estimation. It was found, for <>xampiC', that an intensity of " 3 " 
ponded t.o the preseucc of about 0·1 pPr C('nt. of I1i, :Yio, and Pb. For Ba, t.hn 
same int<>nsit.y denot.ed a sligh1ly SPlalll'r amount. but for Sr, a very much snuLll<·t· 
amount, of the ordf'r 0·005 per cent. 

J\Iany more cll'rnents WNI' than have bcl'n listed ; some could not be 
found for rl'asons that cannot lw Plaboratcd hf'n·, and other omissions of refi:ult.s 
are due t.o possibilit-ies of contamination ; e.g. 7Jn was found in all the five 
from the Odeuda:th.;rus area-no doubt dcrin•d from the galvanised lining oft Jw 
boreholes. VNy small a.mount.K of Cr wc•rf' fonnd in most residues , bnt tlw:;e 
results were diseardpd as experience has shown that chrome spatnhK 
whnn used in scraping the residue from an <•vaporatiug dish, can cam;e 
contamination. In fairness to the chemists it. must be stated that spectrochemi<':ol 
work was not envisaged. A few results on boron llavc been included, although at. 
least soml• of this Plmwnt was furnish<•d by the glass containers. · 
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Thr. r.lements finally sr.lect.ed for examination are believed to show promise 
of special diagnostic Rignificance. As a group tlwir det-ermination in waters is 
eumlwr,;ome h.v ordinar.v ehrmical methods an<l iA seldom undertaken-from this 
asped alone information on such elements seemed dcsirablo. 'fhe objective was 
not to sr<'k 011t. <>very t ... ace <'lrm<'nt, but rather to concentrate on such as were 
capable of aiding geological int.Prpretat-ion-with this limited purpose in view 
the following methorl was found to he satisfactory. 

'l'he dried sample was placed in t-110 cupped hollow of a. copper of 
5·8 mm. dia.nwler; the cat-hod!' was similar but slightly point.ed. A 240 v. D.C. 
source was used to run th(' are for 20 RccondR at 5 amps. A large Hilger Littrow-
typc spectrogmph with a setting from 2800 A. t-o 5000 A. was available; for the 
few boron dekrminations a ditfPTent s0tt.ing and timing were. used. As far as 
could b(\ judged visually, reproducible results were obtained. 

Although t.he investigation is exploratory rather than exhaustive, the results 
are encouraging, especially when one is mindful of the fact of the difficulty of 
mat.ching compo!'lition of underground waters with their vagaries in geological 
formations. On t.he whole the spectrographic data underline similarities a.nd 
dillcrenceR that arc apparent from th(' chemical analyses. The marked presence 
of 1\ln in Uw Table Mountain series waters, and the paucity of this element in 
the others is not surprising in the light of our geological knowledge : small 
mangane11e ore bodies are known to occur in the Table Mountain series. 

The identical I'elmlts for the two Bush veld granite waters, although 50 miles 
(80 km.) apart, are what can be expected. These waters differ in respect of the 
selected elements from all the others wit-h the possible exception of the Loubad 
one, which flows through rocks of the \Vatcrberg system, i.e. through sediments 
formerl partly of detritus from the Bushvcld granites. 

The five artesian waters from the Odcndaalsrus area, viz. the boreholes 
V.K.l, Y.K.:3, .J.H.l, ILl, a.nd W.l yield virtually idcntic:::.l results and this 
fact. is in lumnony wit-h the geological data, for the waters traverse similar 
formations from a great depth. TlHl horeholes are up t-o 10 miles apart and are a 
strong argument for the propositio11 that in respect ofthe selected elements, at 
least., similar geological environment is reflected in similar · composition of 
associated groundwaters. 

The difTen'nCe in composition between waters from a deep-seated and 
a shallow origin is shown by the results obtaiued for Fort Beaufort and Kat 
Valley ; theRe springs are less than a half mile apart and issue from identical 
rocks of the Kauoo system. The differcnee in Li-content, and to a lesser degree 
in Ba, is noteworthy. That between the shallow and deep-seated waters 
of Stinkfont.ein and Kruidfontcin is not quite so marked. 

l\:fany more inferences can be drawn, but it is realised that more results are 
necessary before the influence of the host-rocks on the composition of thermal . 
waters; even in a restricted sense, can be recognised. .At this stage it seems 
reasonable to 2-ssume that 3omong the elements select-ed some useful diagnostic 
ones have been included. .An interesting by-product of this investigation has 
been t.l10 data-fragmentary though it be-on the elements Pb and 1\Io whose 
geochemical cycles have received very little attention. The highest cor:eentra-
tion of these elements (Badplaats) was of the order 0·005 per cent. of the solid, 
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SPECTROGRAPHIC TABLE. 

' Solids 
mgm. . . F ormation in 

LOCALITY. per 4,003t 4,007 4,5'5,1 3 ;tl62 4,031 3,903 4,058 2,498 which water 
litre Li Sr Ba Al Mn Mo Pb B occurs or struck. 

at ll0°C. 

Badplaats . • . . • . :!35 4 8 t r. - 2 1 2 2 n.d. I Archaeai! granite. 
Tugela . . . . . . 1,51St 1 9 1 6 . tr. 2 0 tr. g neiss . 

Ri1fontein . . . . • . 794 7 6 2 1 0 1 tr. 3 R ooibet·g series. 

Warmbaths . . . . . . 397 4 7 . 5 4 1 1 tr. 3 Bushveld granite. 
Bufl'elshoek . . . . . . 459 4 7 5 5 1 1 tr. · 5 Bush veld gra r.ite . . 

Loubad . . . . . . U:Ht 5 7 6 1 tr. tr. 1 5 Waterberg system. 
----

W armwa terberg . . . . 11}0 3 8 7 1 8 1 2 . n.d. Table :\fountain 
Olifants valley . . . . 15t> 2 7 5 3 9 tr. tr. · n.d. series. 
Gamka valley . . . . 150 1 7 4 3 9 0 · tr. n.d. , , 
Zwartkopstt . • . . . . 543 1 8 4 2 7 0 0 n .d . Bokktveld series 

- (see p. 252) 
1- - -

J .R.l- J onkevsrusttt . . 3,724 4 9 6 4 1 0 tr. n.d. Ventersdorp lavas 
V.K.l-Venneulenskraaltt.. 4,528 4 9 6 4 1 0 I n.d. (see pp. 248 & 253). 
V.K.3-Verrneulenskraaltt.. 4,514 4 9 6 5 2 0 1 n.d. , , 
K.l- K a.alpa ntt . . . . 3,SOO 3 9 5 5 1 0 t r. n.d. · , , 
W.1-Wolvepantt . . . . 3,996 4 9 7 5 1 0 t r . 5 , , 

T.G.1- 'l't•umpsbm·gtt . . 8,570 6 9 1 1 tr. 0 0 4 Pre-Karroo norite. 
----

FO!:t Benufot·t . . . . 528 6 7 1 2 0 tr. 0 n .d. Beaufort ser·ies 
Kat valley * . . . . . . 1,55 1 0 9 5 tr. tr. 0 0 n.d. (Lowe1· stage) 
Stinkfontein . . . . 754 7 6 tr. 0 1 0 1 4 , , 
Stinkfontein** . . . . 8G!J 5 8 t.t·. 1 . tr. 1 1 1 , , 
Kl'uitlfontciutt . . . . !l!.l5 7 8 I 2 t r. 2 0 3 , , . 
Kl'uidfontein.. . , . . 1,397 5 10 3 Q 1 tr. 0 tr. ., , 

t W avf'-length. t T otal sum of items determined. tt Borehole (thermal water). • Cold spring. 
** Sh allow bore!lole (cold water). 
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whit·h is about. 15 parts ]'l'r 1,000 million in t.lJC wat.er out. of the Arch:wa.n 
gra.nit·e for Ph and about. 60 parts in the wat<•r at. Tugela, out of the Arelmea.n 
gneiss, for l\l o. 

Tlu• hig-ht·:>t r·onePn1mt.ions nf Li, Sr, a111l Ba. are of t.he ordt·r of 0·1 prr cent. 
in krlllf; of a:< fa.r ail eoul1l bc .determin<'d by t.Jw tP<"hniquc <•mploycrl; the 
amounts will lw fonntl t.o hP not, much IPss t.han 0·1 pPr <wnt;. and (·.ert.ainly well 
hdow 1 pt·r t·t•n1. ll'hi·H more accurate nwt.Jtods ar<' t•mployed-no greater claim 
1 o a<·.cnrcwy is mad... 'l'hP Hiffontdn " f;olid '' 11ave a lit.tle' more Li than 
o ·1 pPr et•llL hn t. tlw Trompsburrr wat·<·r will have Ow higlwst J;i-content with 
appt0-::i m:t1 n pa.rt.s pN million. Th<· h iglwst. Ba-CI)Iltent will probably be 
found in t hP ( )!lPlld:t:tiRntk wn.tr•rs, about. half a part Jl(' r million. 

VII. SPHING GASES. 

In his wPII-known work" Ground WatN," published in 1937, C. F. Tohnau 
ISllLk:-; (p . . i.hat, spring gatws oonsifll· of ''carbon dioxide, hydrogeu 
s;;lphirl<', and hydrocarbOJi gn,sPs." AnalyiH'S of gas from South African thermal 
springs and Uwrma.l a.rtPShtn borehokr-; d •J not support this contention. These 
gases fall ·w1turally iHto two dist.tnct classes. 

One is cha.r:wtPrisPd by predominanc<• of nitrogen, and the gas may be 
regard<•d as air from whith a varying proportion of oxyg<'n has been abstracted 
and, as a rule, smaJl ?..mounts of carbon dioxide added. This <'arbon dioxicle is 
probably c•itlwr of atmospheric origin or uue to t,he action of acids on calearcous 
roc.k:-;. 'l'he small amounts of methane presl'nt at Olifants va.lley and Badplaats 
formed by the decay of organic mat.tPr in tlt<• spring pools. Springs emitting gas 
of this typP OC'enr ill formationf> ranging from Areha<'an granit,e to the Devonian 
Table Mountain A1mlyses, moRtl.V new and previously unpublished, 
a.re ginn in the Table on page 245, and a fc\W foreign onPs have been added 
hoth for pnrpmws of comparison arHl to show t.lw widespread dist.ribution. 

Gases of t.h<• remaining class arc marked by abnndanec of mct.ha.ne, accom-
pa.lli<'d in the Aliw:tl N ort.h a.nd Florisbau springs by hydrogo1. Oxygen is either 
<tbsel).t or pn•s<>nt in very small amounts, but. nitrogen commonly constitutes a. 

/, Ja;.l?e J)ttr;t:;qfHte . t.he rise in rocks of 
. ,'::. (Upper Carboriif(lrous to Hhaet.ic). Borehol(•s. in this system 

· · · · ·· · · strike gas tlfat inVariably 'ptov('s t() , be composed dominantly of 
nieth:t1w. Us origin is to distillation of coal or carbonaceous shales by 
the J.tu·a.ssie tlokrite int.rusions. ' A similar origin ma.y be. post:ulated for the 
gas ih t.ht• warm and t,epid springs ·of the Karroo. :Fairly thick layers of peat 
have accumulated arOtrnd t,be Aliwal North and Florisbad springs, and it seems 
vrobablc, tlmt t.h.erc someof the gas has fornl('(l by decay of vegetable mat.t('r. 
· Although taints the air around many South African 

t.lwrmal springs t.he amount.s arc too small t;o be determined the 'ordinary 
methods of. ' ' · · . · 

Carbon dioxide is no.t an of any of the analysed. 
It does, howewr, eon,stitute .the .. bulk ,pf. t!te gas. in . cold springs issuing 
from · fault zom•R in Dwy ka tillitc (Perrno-C:ubonifProus) near Biza.na. , Farther 
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NITROGEN-RICH GASES ASSOCIATED WITH SOUTH AFRICAN AND FOREIGN THERMAL WATERS. 

Bad- Die I Rif- \V arm- · Olif.:.u.ts Zwart-
Lo\:ality. plaats, Oog, fontPin, Loubad , wat.erberg. Valley, kops, C.P. 

T\"1 . Tvl. 'I'd. Tvl. C. I'. C.P. (bor·ehole). Buxton. Banff. 
England. Canada. 

.Ar:chaean Rooiberg Rooiberg \Vaterbcrg Table Mt. Jlt.l Cape 
Formation. granite. felsite. ser·ies. syst!'m. f.lerics . sertes. system. 

----- -o. .. . . 0 0·8 0 ·2 ll 0·4 1·5 11 ·51 - (J-45 
('0, .. . . 0·2 - 0·7 2 2·7 8·5 8·4:3 0·88 1 ·11 
H. .. .. ni l - ll i l - ni l } 3 0 -- - -
I .' If, ' . . . 1·1 Oo4 O<l nil nil - - 0·20 

. . . . ni l uil - nil - - - -
X.+He + A, etc. UH·l 08·8 08·8 87 !)I) .g 111·1 85·0:3* 01! ·12 H8·24 
-- ·- - -------· ---- ----------

Totals . . 100·0 100·0 100·0 100 100 ·0 LOO ·O 100·00 100·00 100·00 
·- - -

J I 
-

llate of l!Jt:-1 < l !J:HJ l!J-18 1047 l!l47 I 1014 1882 c. 1018 

* N 2 +He+Ne=7H p.p. million. 

C01Il3lii:l'l'IllLE GM-lES ASSOCL\TED WITH SOGTH TIIER:\BL WATERS. 

Luca lity. 

Formation. 

0 .. 
('() 
('0 .. 
lL-
( ii, 
(',11, 
.'1, !- liQ+ .. \ , etc. 

'1\llab 

V.K.l. , 
O.F.S. 
(bore-
holP). 

1---- -
Ecc<t 

Sex·ie;;. 
----·--

0 ·± 
-
nil 

() .;; 
80·8 

--
lH ·i.l 

·----
10fHi 

Plorb-
bad, 

O.F.S. 

'Ecea 
Series. 

-- -----
-· 
--

I (J·(I 
71·5 

- -
18·5 

100·0 

...... 

Tarka 
Fort ! Craduck, 

Bridge, 
Beau- c.P. 
fort, C.P. (bore-
C.P; hole) . 

Beaufort Beaufort Beaufort 
Series. Series. St•ries. 

---·------
- ] ·1 \ 0 ·1 ·- -
- - ) 
tr . - 2 ·7 

LOO 8:H Ui·O 
- -- -
tr. 15 ·4 3·2 

lOO 99 ·0 100 ·0 

· .. 

Grasrand Yreden-
c\liwal Lake nr. burg nr. 
Xorth, }lentz, Graaff- .:\Iarais 
C.P. C'.P. HPinet, Siding, 

C'.f'. C.l'. 
(tepid). (tep id ). (tepid). 

Beaufort. Dwyka Beaufort Beaufort 
Series. Series. Series. Series. 

3·2 tr. 1·2 
- nil nil -
- t 1' . nil nil 

8·4 nil ni l -
5i1 ·2 ;)!) DS·5 :33·3 

- uil nil -
33·2 60 1·2 ti5·5 

·---------
- 100·0 !)0 100·0 100 ·0 

1027 HJ.I5 HJ.12 

Leu ker. 

land. 

Xi! 
0'0 
-
-
-

99·0 

09 ·9 

c. W43 

Kt-uif -
fontein 

nr. Ede n-
burg, 
O.F.S. 
(tepid) . 

Beaufort 
Series. 

-
-
-
-

70 
t.r. 
20 

90 

HIH 

Rano-
mafana, 

C\Iada-
gascar. 

tr. 
0·55 

-
t r . 
-

9!.Hfi 

lOO ·0 1 

c. 1026 

Grub;-
fontein 

nr. De·.-on, 
Td. 

bore-
hole). 

Ecca 
S eries. 

-
0·1 
-

0 2 
82 ·1 

2·1 
14·7 

99·2 

lf):i,j 

_lnrdysls : Zwnrtkop:;--J. Uewa.r: I>i.e Oog and LodMd-C. F. J. va n der \Yal t.; Rimll; Aliwal ;'\"ol"th-)Iessrs. Littlejohn 
:' and \\'hitby ; Tarka Bridge-- J. H eseare}} Institute of South Africa, Pretoria, 
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north, at Bong:wan, in the same Middle Cretaceous .fault zone fairly large vvlumes 
of gas, consisting 99 per ce.nt. of carbon dioxide, are exhaled. Gcvers13 concluded 
that t.hc gas is· not qf volcanic orig-in but due to t;h<• action of sulphuric acid 
derived from the oxidation of pyrite on crystalline limestone. 

VIII. RADIOACTIVITY. 

R·indJ26 quoteu a determinat.ions of the radioact.ivity of thermal waters, 
preRumably measured by means of elcetroscopcs: 

Locality. 

Zwa.rtkop,; bur{'hole 
Badplaats 
)!adtadoclorp 
:!\Talmesbury 

Hact:oact.i>'ity in mache units 
tdet.ermined at source). 

1·35 
6·fi 

12·3-12·8 
73·3 . 

Geological 
furmat.ion. 

Cape system. 
Archaean granite. 
Pretoria series. 
Cape granite. 

The activity is due to the presence of radon, and in the case of the Malmes-
bury spring water it fell to between 3·5 and 3·6 mache units after only three 
hours. 

Brandvlei scalding spring was investigated by Mr. J. Muller, Consulting 
Chemist, during 1946. The water showed 50 to 53 mache units, and the 
gas 450 maehc units litre. This spring rises in the Cape system, and the radon 
content is rather high for a water of this type. ';jl 

A large sample of water from the Badplaats scalding spring was taken to 
dryness and the residue submitted to Dr. D. J. Simpson of the Geological Survey. 
Examined with beta-ray Geiger-Muller counters it showed only traces of radio-
activity probably due to the 1·2 per cent. potassium present. No increase in 
activity was noted after the sample had been stored for two months. 

IX. SPn.ING DEPOSITS AND AGE OF SPRINGS. 
Very few South African thermal ::;prings have given rise to deposits. The 

only ones known of any importance are ochres, and ferruginous and mangani-
ferous sinters, deposited by springs issuing from the Table Mountain sandstones 
in the bt'lt of fold mountains along the south coast of the Cape Province. Fairly 
extensive deposits occur arotmd the Caledon, vVarmwaterberg, Toverwater, and 
Amanzi8 springs. The Olifants valley and Gamka valley springs are also markedly 
ehalybeatie, but as they issue on the banks of rivers and are thus often inundated, 
there has been no opportunity for sinters to accumulate. 

In the deep Zwartkops borehole, near Port Elizabeth, scalding hot water 
was struck n.t depths of between 3,400 and 3,560 feet (1,036 m.-1,085 m.) in 
presumably liokkcveld sedirnents28 ; t.!Je water, however, is believed to be derived 
mainly from the underlying Table Mountain sandstones. Ochre is deposited in 
the overflow channels. · · 

Analys<>s show that the manganese content Of these ochres and sinters 
increasc•s westwards from Zwartkops to Caledon, and it is of interest to note that 
still nearer to Cape Town small deposits of psilomclane occur in the Table Moun-
tain sandstone. It is possible that some of them mark the sites of extinct springs. 
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Ochre is also deposited by numerous cold springs rising from Table Mountain 
sandstone. An analysis of such an ochre from a Rpring in th<' Gamka valley has 

·been added for comparison. The manganese content is much lower than in the 
theruutl depositR. 

The phosphate content of all is fairly and an appreciable amount of 
barium was found in the vVarmwaterbcrg sample. 

Warm- Gamka 
Spring. Calcdon. water- Zwart- Valley 

berg. kops. (cold spring). 

Average · 

Material analysed. 
sample Recently Recently Recently 
from deposited deposi ted deposited 

mound. ochre.· ochre. ochre. 

Si02 .. . . . . . . 5·1)1 7 ·8 6 ·74 2 ·8 
AI,o. . . . . . . . . 2·21 n .d . n.d. n.d. 
Fe,o. .. . . . . . . 50·72 57·5 70·9 67·1 
MnO · .. . . . . . . - 0·55 0·50 0 ·16 
M nO, .. . . . . . . 27·20 8·55 1·36 nil 
M gO .. . . . . . . n.d. 4·8 0·3 tr. 
CaO . . . . .. . . n.d . 0·8 0 ·7 0 ·2 
BaO .. . . . . . . n.d. 1 ·45 n.d. n.d . 
P,o. .. . . . . . . 2 ·31 1·18 4·20 2·67 
H,O+ .. . . . . . . 9 ·47 9·59 10 ·0 13 ·2 
H,O- .. . .. .. . . 1·38 7 ·64 6·0 13 ·9 -- -- --

99·20 99 ·86 lOO·t.iO 100·03 --
Analysts : Caledon and Zwartkops-C. F. J. va n der Wait; 'Va rmwaterberg and Gamka 

valley-E. C. Hauma nn. Division of Chemical Services, Pretoria. 

.According to Dr. L . G. Boardman oi the Geological Survey the Caledon 
sinter mound would weigh about 1,000,000 tons (907,000 metric tons). The one 
at Warmwaterbcrg is estimated to co\\.tain about 600,000 tons (5H,OOO metric 
tons). 

.Assuming that the deposition of iron and manganese is complete, and that 
.the composition and flow of the waters have remained constant., and that there 
has been no erosion or solution of the deposits, the Calcdon and vYarmwaterberg 
sinters have respectively taken approximately 300,000* and 850,000 years to 
accumulate. It is, of course, most unlikely that conditions remained 
uniform, but these figures provide a rough indication of the order of time involved. 
On geological grounds it; is probable that hot water has issued from these springs 
ever since the present topography was developed during the Late Tertiary. 

• A sample of water from the Calede>u spring kindly collected by proprietors in 
May, 1918, was partially analysed by Mr. E . C. Haumann of the Division of Chemical 
Services, Pretoria. The results were :-

Si02 . . . . . . 53 ·3 m gm. per litre 
Fe,O, . . . . . . 4 ·1 , , (as Fe" 2 ·9) 
MnaOc . . . . . . 4·6 , , (as Mn" 3·3) 

On the basis of Uw respective manganese oxide contents, the mound is 180,000 years 
old ; whereas when the values for ferric oxide arc used the age works out at 370,000 
years. 
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These agP PStimatP.s may be compared with l\feinzer'R stat<\mcnt38 that most 
of the t.lH·nnal spring!> in Ntwada, Uta.h and sontlwrn Idaho came into existence 
before Ow elm;p of t.he TPrt.ir.ry. Tlw 1 Pllowst.OJH'. Park springs, on the oU1er 
hand, an• probably only some 20,000 y('ars old, and those of IcPl:tnd between 
10,000 a1Hl ;,o,ooo yPars.38 

X. THEHMAL AHTESIAN BOTIEHOLES. 

St'.vPral fl('Pp boreholes have struck thermal a.rt<'sian water. In ont', near 
l'ort' Eliza.lwth, t.lH\ water is sealding; in auot.h(•r, n<.'ar Trompsburg, it is hot; 
in t hr<'<' llt>:tr (hlPJHlaaLrus it is warm. 

Depth Temp. !<'low. 
Lati- Longi- which t.herma Formation in which 'C. at 

Borehol(·. tucle tu de water st.ruck. thermal water sur- Imp. Cu. os. st.rnck. face. ga11s. / metres/ 
24 hrs. 

l- ------
7-wart.kops 28 , 

.. 33° 53' 27° 37' 3.4-00 ] Bokkevehl series (?) 250,000 1,13·1 
T.(l.l * .. :30° 3' 2'l 0 H' -J."iOO JA:\:l P1·e-Karrrio norite. R7·2 24,000 100 
J.R.l * . . 2R 0 (j' 2u 0 44' :1.:Jli0 J:m.;:; Ventersdorp scrie;; iH·O •l8 ,000 21R 

(p1·e-Cambrian) la vas 
V.K.l* .. 28° (j' 2(\ 0 49' 2,5110 7XO V cntersdorp se des B2 ·7 48,000 21R 

la vas. 
\V.l* .. 28.0 2' 211 ° 11' - - " " , 28·8 00,000 272 

*Thb i11formation was kindly supplied by the mmmg companies concerned. The 
of the. at·tcsian waters in the Odendaalst·us area were taken by Dr.L. '.r. ·Nel 

of the GPological Survey. 

In Uw Odi'IHl:Jalsrus area sev<>ral other recently drilled holes have struck 
t<.'pid water at ,;ompMable depths. Gas consisting dominantly of methane is 
clii><.'hargrd from t.hem all; it enters the boreholes from t.he Permian Ecca series, 
in J.IL 1, for exam;Jle, at a borehole depth of 980 fP<.'t (:299 m.). 

The lwrl\lwle at Zwartkops ha.s been developed into one of the leading spas 
of the country, and t.he J.R 1. and V.K. 1. waters are used locally for medicinal 
purposes. 

Several boreholes have be<.'n 1hillNl near thermal R'[)rings with the object of 
obta.ining 1110re ·watl'r. On t.he fa.rm Tugela, on 1-he };im'[)opo river in the northern 
Transvaal, a borehole 65 feet (20 m.) deep, drille1l in HH7, gives a flowing Rupply 
of 15,600 gallons (71 cbm.) of hot water per day. The natural spring lOO feet 
away has a discharge of only 2,650 gallons (12 cbm.) a day, and according to the 
ow11cr its flow has not as yet been appreciably affeckd by the artificial release of 
pressure. The borchole water has a temperature of ,18·9°0. whereas the maximum 
temperature measured in the spring waH only 42·8°C. A borehole about 100 
feet; (30 m.) deep a.t Warmwaterberg flows at. the rate of 31,000 gallons (141 cbm.) 
a day, but the water although warm is eooler t han that of the nearby 
hot spring. A supply of about 500 gallons (2 cbm.) an hour of thermal water has 
r<.'eently been stnwk in a 157 feet (48 m.) deep borehole near the Letaba hot 
spring. 

Former warm springs at Kruidfontein and Amanzihave dried up as a result 
of heavy pumping of boreholcs in the immediate vicinHy. 
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Borcholcs only 65 to 225 f(\et (20-69 m .) de(•.p at Tarka Britlge35 yield w:1,rm 
(26°-27°0.) arf'.esian, sulphuret LNl wat(•r ae(•omJmnied hy intlanunahle · 
mainly methane. The holN; ar(• of particular interest as t.hey are t.idal, 
situated Rome 100 mileR (lGOkm.) fmm t.h0 sca. TJrrP, too, WN\k t.hermal sp,rings 
have been dried up. I\,·· 

In the Karroo many other shallow boreholPs have struck sulphuretted watct·, 
which is generally t.epid indicating a fairly deep-seated origin, probably 
blind fissures. . 

XI. THEHMAL MINJi} WATERS. 

''t '· .'. ! : 

:·f:' 

There are a few published records of thermal W!1tcr having beeri st.ruc;k in 
the deep gold mines of tlw Witwatersrand. . . ' :.' 

A narrow, water-bearing fisRure in a dyke was intersect ed at a depti1 . of 
2,680 feet (817 m.) in a shaft on the Randfontein Est.ates mine. Tlw water ha d a 
temperature of 25°0., which was the same :ts that in the main workings at t.his 
depth. On analysis the rlis,;olvcd solids amounted to 134 mgm. per litn•, (.he 
water being charaeterisrd by pr<'dominanee of SO/ and virtotuLl abRencc of 0 1'127 

The supply of watl'l' was wt>ak, but. on the Bast Hantll:'roprid.ary }fines a s.ul)ply 
of about 1,800,000 gallons (H, U.Hi cbm.) of warm wat(•r vcr clay was struck 
zone in \Vitwat(•rsrand 'l'emverature readings at various U1C . 
fissure system at vertical clept.Jts of between 5,261 and 6,0G6 ((•et; (I.,H03·1,f.N:6, m.) 
ranged between 33 ·3° and 3G°C., the rock temperatures being about 1 oo : lower . 
The wa.trr was sulphuretted, eontrLining 10 m gm. per litre of dissolved h yifrogen 
sulphide, and at first. was very soft. with dissolv<'d solicls amounting .to .only 
160 mgm. per litw. As flewatering proceeded the concent.ra.tion ot salts in t-he 
water incrcaserl to approximat.ely 1 gm. per lit,re, but. t lw dominant constituents 
remained the same, viz. and Na 2003.1 

Thermal water has also been struck in the copper mim•s at l\'[cssina whrre 
the conntry rocks are meta.-q nartr,ites and hornblende gneisses in by .a pre-
Cambrian granitc31 • The following information relating to t he waters eneoun-
tered in t.be deepest mine, the Harper, was kindly provided by Dr. C. M. 
Sehwcllnus, Geologist to the Company :-

Virgin 
Depth in Mine. Flow. Itoek 

T emp. of in 
- Source of Water. . Wa.t.C'l' Dia:nwnd 

I 
Imp. Cu. "(). Urill 

1n. M. Galls./ Holes 
24 Hrs. 2! Hrs . ' C. 

-- '------
1,600 488 H a nging fissure 7,200 3:{ I :35 36·4 
2,200 671 B o•·ehole 2,400 11 37·8 40 ·8 
2,650 808 B oreholc 4.Rno 22 42·2 44. ·2 
3,100 945 F ootwall fissure :3,600 Hi 48·8 47 ·G 

The geothcrmal step works out at 1°0. per 41 m. 
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XII. TilE RELATIONSHIP BETWEEN GEOLOGICAL FORMATION AND 
CHEMICAL COMPOSITION OF SOUTII AFHICAN THERMAL W,\.1'ERS.• 

(a) ARCHAEAN GRANITES, GNEISSES, AJ\fl'IIIDOUTES, ETC • . 

In these most ancient rocks the th<'rmal springs arc found along the Orange 
river in t he Province, in Na.t.al, a.nd in the eastern and northern Transvaal. 
Most, of t.Jwm arc hot, and hvo-Bar1plaats and Tugcla scalding. 
The flows range up to about. 180,000 gallons (817 cbm.) and as usual the 
strongest, springs arc hottest. 

The three springs in the Orange river valley have not. as yet been analysed. 
The remainder arc of three types charact<:>risPd by dominance of chlorides, sul-
phates, n.n<l carbonates, respect.ively. Those having NaCl as the main const·.itnent 
oeeur in the nort-hern Transvaal and <•.ont.ain on the average 1 gm. of dissolved 
solids p<'r li tre. Those with a high S04 " content, arc Tngela in the extreme north 
of t-he Transvaal, and Lilani and Tugela valley in Natal. Soda-rich alkaline waters 
occur n,t, Natal Spa, Badplaats, and Pa;Jdysland. In all save Paddysland Ca." 
consillern,bly cxcPcrls l\Jg··. Silica is a prominent const.itucnt especially in the 
soda-rich alkaline waters. 

It. is interesting to note .that Bond's2 work shows that the water from 
shallow boreholes in the Arehaean granites, etc. may be divided into the same 
three t.ypt•s, or, in other words, the thermal springs discharge water essentially 
similar in eomposition to the normal underground supplies in the vicinity. The 
only imvorta.nt. point of difference is the ratio of Ca.. to Mg". In the non-
thermal waters, save in Natal, Ca .. is subordinate to l\:[g" , whereas in nearly 
an the th<•rmal waters the reverse is the case. The exception, the spring at ::·, .. 
Paddyshtnd in the northern Transvaal, is barely thermal, having a temperature :. · 
of only oc. It is possible that at dept.h the thermal waters extract t.he Ca" 
from cakium-magnesium silicates, whereas the Mg is retained as relatively. 
insoluble hydrated silicates. -

(b) PONGOLA SYSTEM. 

At Sulphur Springs near the Swaziland border the warm water apparently 
issues from rocks of this Proterozoic system. The analysis shows very weak. 
mincra.lii\a.tion, with sodium carbonate as the main cor.st.ituent. The water is 
quite :; t.rongly alkaline and cof1tains a high proportion of silica. 

Th•·re do not; appear to be any published analyses of borehole waters from' 
the l'ongola syst.em. A cold, sulphuretted spring issuing from Pongola quartzites 
was found to contain 253 mgm. per litre of dissolved solids, t.hc predominant 

being NaHC03 and NaCl. Like the thermal spring its pH value 
h1gh, bemg 9·55.19 · 

(c) PRETORIA SERIES. 

The warm spring at Machadodorp and those at Badfontein and De Ba.d. 
to the north emerge from rocks of the Pretoria series of the pre-Cambrian -

Transvaal system. Only the l\laehadodorp water has been analysed. Although 
* For reprcsP.ntative analyses, refer to '!'able facing page 240. •·· · .. ' ' · ·•. " 
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TJIERlllAL WATEitS SOUTIT APRICA 

classed by Rindl26 amongst the s'ulphur springs thC\ analysis shows less than 1 
mgm. per lit.rc of dissolved hydrogen snlphi<le. The water is not strongly 
mineralised, and the characteristic constituents Cl', HC0 3', and Si0 2 are pn!sent 
in almost equal quantities. The 804 " content. is low, and C:1.. exceeds .. 
four times. Apart from t;he C:t.. : · ratio the water is quite t.ypical of that 
from shallow borehoh's in the shale zones of the Pretoria series ; in these the 
Ca· · : Mg· · ratio is almost exactly 1 : 1.2 

(d) ROOIBERG SERIES. 

This pre-Cambrian serieR embraces both felsitic l:was and sediments. 'l'he 
hot waters at Die Oog and \Velgevonden, whieh rise from a fault in the felsitYs, 
are of low concentra.tion, t.he characteristir, const.ituents being NaHC0 3 and 
Ca(HC0 3) 2, with subordinate NaCI. The warm water issuing from a fault in ' 
R.ooiberg series quartzites at Riffontein, on the Qther hand, is more than t;hree 
times as concentrated, and NaC1 is the major constituent followed by NaHC0 3• 

The R.ooibcrg series thermal waters are marked by great excess of Ca· · 
Mg ... 

(e) BusHvEI.n GRANITEs. 

The thermal springs at Warmbaths, Buffelshoek, Grovesbad, Goedcrede, 
and Vischgat, all in the central Transvaal, rise in Bush veld granite. In tempera-
ture they range from warm to scalding, and in flow from weak to about· 1GO,OOO 
gallons (726 cbm.) a day. · 

Only the Warmbaths and Buffelshoek waters have been analysed. Both 
chemically and spectrographically they arc remarkably alike. Chemically they 
are quite typical of Bushvcld granite borchole waters but are somewhat·. more 
concentrated, more siliceomJ, and have ra.tlwr higher sodium chloride and sodium 
carbonate contents. The main point of difference is the Ca-· : Mg·· ratio, which 
is about 6t : 1 for the thermal waters and 2 : 1 for the cold bore hole waters. 

(f) CAPE GRANITE . 

The warm spring at Malmesbury rises from a. fault zone in Cape granite . 
The water is saline, having NaCl as chief constituent. On the contrary, horehole 
"aters are of low concentration but also marked by predominance of NaCl. In 
composition the thermal wat<>r is typical of that from in shales and 
slates of the l\Ialmesbury St' rics. 

(g) WATERBERG SYSTEM. 

This system, which in the cPntral Transvaal is maue up almost 
of a thick succession of sand may bn of Lat.e pre-Cam brian a.g('. The 
warm·'Springs at L0ubad in the central Transva.al represent de<>p, artesian w:1t.er 
from the basal layers of t.he system. The water is of low roncentrat.ion, . the 
main constituent being Ca(IIC0 3h. Cl' is low and SO/ virtually absent. The 
non-thermal waters from cold springs and boreholes in this syst<>m have 
essentially the same composition, but are of still lower concentration and 
contain proportionally more )fg··.Is 
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(h) CAPE 

In t.h<• wp:;;t.ern Cap<• Provincw tlH' t.ll<·rmal sprillgll n.ll rise on the Hanks of 
mount aim; forlll!'d 2\lesozoie fol<liug:;;. 'l'he aquifpr is t-he Devonian Table 
1\lount.aiu :;aHtlstone, anti moRt of Ow springs from fault planes. The 
llows are and wHh the c•xcPpt.iou of Gamka valley the water is hot 
or Realding. however, sho·w that. save {or a mueh lower content of 
f:'i02 t.llis G::tmka. vn.lley warm spring a.ncl t.h(' IH'arby Olifn,nts valley scalding . 
s pring diRcharge watcrR of a.lmost idcnt.ical nomposition. 

f':H·miea.lly the waters an· all of low concentration, the total dissolved solids 
ranging from "i"i mgm. pPr litTP at. Goudini to 190 mgm. per Jit,re at \Varmwatcr-
lwrg. In tlw w<•st;. at. Goudini an<l BraJldvlei, Si02 is the most abundant con-
1'.1 ituc·nt followed as n·gar1ls t h<· anions HC03', Cl', and SO/. At. Caledon, 
wl1ieh is mtwh nearPr t.h(' f\c•a, GJ' JIC0 3'. At \varmwat Prberg 
Olifants IIC0 3' ancl not Si0 2 is the> major eonstit.u(•nt, wher<•.a.s at. Tover-
watt•r Cl' excP<·<ls both. According to Bond2 this latter would be t,ypical of the 
11 on-t lwrmal waters of t hP 1\fount.ain series, in which t.lw ordnr of u.bnn· 
danel' ill Cl' , 1!1'0 3', Si02 and SO/. Tlw g01wral predominance of Si02 in the 
thPnnal is doubtless due to its gre:-.r.t•r solubilit.y in hot water. · 

Several of the springs are c·halybea.tic and deposit hyd rated oxides of iron 
and maugancsr. Tlw variations in iron and manganese content were discussed 
in tlw sect ion <kaling with the spring d<>posit.s. 

'l'be hot water struck b etwren ch•pth;.; of 3,400 and 3,5(i0 feet (1,036·1,085 
Jn.) in t·hc horl'lwle at Zwartkovs iR more ton<'·Cllt-rat,ed than that from t.hermal 
springs in the Cape system, and contaim. proportionally less HC0 3'. The warm 
wa,ter from the .Amanzi boreholes, also 11('ar Port Elizabeth, is even more con-
(•ent.ratNl all(! characterised by considera.ble excess of SO/ over Cl', fairly 
high :Fe .. and Al .. · rontcnt, and a.bse11ce of carbonates. The Zwartkops water 
i:> of mixed origin ; probably Table mountain series, BokkPveld series, and t.he 
base of the Crct-alwous. Tlw A rnanzi water is al1>0 a mixed Table Mount.ain 
.'3eries and Cretac('ous water. 

(i) KARROO SYSTE!ti. 

SedimnntR of this system, 'vhich rangrs from Upyer Carboniferous to Rhaetic 
in age, covPr the central part of the Cape Provmce, nearly the whole Orange 
Prce State, and la.rgc areas in Nata.l .and the 'l'rausvaa.l. It. is divided into the 
following series :- -

Stormberg series 
Beaufort series 
Ecca series 
Dw y k a series 

All the thermal springs in the Karroo system are only warm and vary in 
st.rengt.h from flows of only a few thousand gallons up to 840,600 gallons (3,813 
('bm.) a day at Aliwal North. Most of them rise alongside tlolerite dykes of 
-early J urassic age. 

Only the Black Umfolosi spring in Natal actually issues at the surface 
from rocks of tlw Dwyka series, in t.his t.illitc. . 
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The sprinl!s in the wcst-centrv l Orange Free State emerge from rocks of t.he 
Beca series. The waters are rieh in NaCI, and t.he t.otal rlissolvt>d solids exer•ed 
2 gm. pPr lit.re. Such a high Ralt ennt\'nt; not. eharactcristie of the unrlcrgrouud 
wat.t>r in the Bcc·.a scri<'s but rat;Jwr of :t.hc urukrlying Dwylm scriPS, through 
rocks of whieh it seems proba.bln t.hc tlH•rula.l waters lnwe percolated. Dt'cp 
borrholes to t.)H' south of Oclrnrla.alsrns anrl nt>ar Trompslmrg, both in tho 
Orange· Free St.att>, have :tlHo Rt-rnek waters eharacteris<'d by pre-
dominance of Nn.('J. AR n.lrcarly mrnt.ioned t;lw waters were st.rnck in lavas of the 

Ycntcrsdorp syHtem and iu norit-P of presumably Bnshvrld Com-
pkx age, but it is probable that. much of the Xn.Cl was deriwd as a result. of 
downward pereolat-ion through the Dwyka series, which ovC'rli<'s tlwsc ancient 
rocks. This seems a. reasonable supposition, for Bond's2 analysrs Rhow that t-he 
waters in Vent.ersrlorp lavas :Lilrl Bushveld norit.e arc charaett>riscd by a ratht•r 
low Cl' content and arc temporary hard carbonate Wl1tcrs. 

In the central and eastc·rn part-s of t.hc Cape Province t.lH• thc•rmal wa.tpn; in 
the l3eaufort series sediments nearly all havP NaCl as the pre(lorninant eoll-
stituent, with total dissolved solids ranging from 4tl6 mgm. per litre at 
fontein to 754 mgm. per litre at St.inkfont-cin. From the analyses given hy Hon(i2 
it; is evident; that the shallow lllHlPrgrnund wah•rs from the J;ower bt•ds ,of the 
Beaufort series are saline, whel'm1s a high sodium biearbonate content ehametn-
ises the waters from the and Upper b(•ds. The difieretl('.l' is b<'lie,;ed by 
Bond t.o mark :-1. tmnsit.ion from an estuarinr to a fresh-water m·igin. 'l'hc 
NaHC0 3 in the upper b<'dR is considered to be due to a. higher proportion or un-

-kaolinis<'d feldspar2• 

'rhe thermal Rprings }1t; Hooiwal and Cra(lock, howev('r, have C0 3" and 
HC0 3' as the ehid anions, accomp<1nied by a fair amount of Si0 2. Ca·· is vpry 
low but grcat.ly excef!clS )[g··. Rooiwal another t;h<'rmal spring, B:1.ds-
fontcin, issuing from about the same horizon in the Middle Beaufort stagl' and 
having almost (•xactly t.he same temperature and flow, is saline. ,Thus it is pro-
bable Umt lhtdsl:on\,l•in is a deeper-seated spring but that mncll. of the <'X<:l';;s 
hl'at has been lost. before the water emerges at the surfac<'. The di!Ierenee in 
composit.ion b('t.-w(•cn the Crado('.k and not very far oH Tarka Bridge therntal 
waters can be similariy explainPd . 

The warm water at Stinkfontein, although issuing from Lower Beaufort 
st.rata, is characterised by a high NaHC0 3 content and the preKence of much 
SO/ as well as Cl'. 1\Jg··, present, to the extent of 15 mgm. per litr\', gr-ea.tly 
exceeds Ca·· ; judging by the analyses in Bond's memoir such prepotHl<'rance 
of l\fg·· is most. unusual in KmToo waters. . 

In the extreme north of the Transvaa.l the scalding Chipisc spring ifisues from 
Upper Karroo beds overlying Archaeau gneiss. According to Rohnge31 !.he 
point of emergence is dctnrmincd by a dolMite dyke approaehing fault. and 
the contact of Cave sandstone with a dolerite sill. l\'Ir. H. N. Visser who has 
recently rcsurvcyed the an'a is, however, of opinion that tbrJ wate-r issues a.t the 
intersection of two faults. Movements have talzen place nlong tlwle faults at 
intervals up to post-Permia.n time. The eourse of the water not br'('ll detn-
mined, but it is probably of mixed Archaean granite, 'Vatcrb(•rg (wlwre . 
Q 
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GEOLOGICAL STRUCTURES AT SOME SOUTH AFRICAN THERMAL SPRINGS I 
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the intake area may lie), and Upper Karroo origin. It is moderately mincra.lised, 
the main constitu<'nts being NaCl and NaiiC03• The SjQ2 contr·nt is fairly l1igh, 
but Ca·· and .1\fg-· are in very small amounts, the former greatly 
exceeding the latter. 

XIII. SOURCE OF THE WATERS AND THEIR HEAT. 
The youngest igneous roeks known in the Union of South Africa, 

the int.rusions of kim berlite and nwlilite date baek to t.he last 
stages of the Cretaceous. Adm:ttedly the crater of t.he Pretoria sal t-pan has 
generally been considered t.o be an extinct volcano of comparatively recent age, 
but the latest investigations have suggested it is ,probably a meteor ern.ter. 
This complete absence of Hceent or Tertiary igneous act.ivit;y seems to rule 
out eruptive rocks as a source of the heat of t he South African thermal springs, 
or of their waters or gases. This is assuming that; there are no relat ively young 
abyssal intrusions. 

It has been found possible to explain t h e origin of all tb.e thermal springs 
that have been investigated in detail by structures permitting water of meteoric 
origin to descend to depth, take up earth heat, a nd then return to the surface at 
such a rate· that much of this heat is retained. Some geothermal survPys have 
been made in South Africa, and when the temperatures at the depths t o which the 
water is assumed to descend in such structurf's arc calculated t.hc results agree 
closely with the observed spring ten1peraturcs. Thus .it is not necessary to postu-
late the presence of juvenile water, but the possibilit.y cannot bP rulPd out that 
such water may contribute to the diseh arge of some of the springs. Connate 
water, on the other hand, a.lmost certainly forms part of the t,hf' rrnal water 
flowing from the deep bord10les recently drilled in the Odendaalsrns an(l Tromps-
burg areas of the Orange Free State and may be pres(•nt in some of the springs 
as well. 

Geological sections illustrating the structures determining a few representa-
tive thermal springs a re showu in Fig. 2. Ono of t.hc simplest is the artesian 
basin around Loubad in the centra.! TransvaaPs. Thf'rr rai.o falling- on moderately 
high ground is believed to percolate through sands tones of the Watcrbcrg system 
(late pre-Cambrian ? ) until t.llC basal shales or the impervious fcl8itcs of the 
HJoiberg series are reached. The water emerges from fractures next to a sharp fold 
that determines the south-west end of the basin. The maximum depth in the basin 
is about 3,600 feet (1,097 m.), and a;p_ t he geothermal step is about 220 feet per 
1 oc. the water would be heated t.o & t.emperaturc of a. bout 36°C. This agrees very 
well with that measured in t h e main orifices of t he springs, viz. 31 ·7° to ;}4·1 °0 . 

The small warm spring at Bufielshoek, also iu the c<·ntml 'rramwaal, risrs 
from \Vaterberg sandstone next to a diabase dykP. The waLPr , l1 owever, is 
chemically akin to that in grn.nites, and not to t hat in saruh;tones. Geologicn.l 
mapping of t he vicinity showerl t hat the watl:'r iu a ll probability percolates iu 
'Buslwcld (Hed) granite forming an artesian slope bl'llPat.h the Wakrberg sand-
stone until the barrier fornwd by the dyke is real'he1l.2° From the geological 
section it appears that t he water wo.uld descend to a maximnm lll'pth of about 
3,000 feet (915 m.), where the roek temperature would be about :noc. In the 
eye of the spring the tl'mpera.turc is 30·5°0. It is of int.erf'st to note that; chemical 
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and Hp('et,rographic analyst·s show1•d t.hat. tlw wat.pr is a.JrnoRt.}id<·ntiral in com-
ion wit.h t.h a.t isr-·.uing from a fault in Bnsltwl1l gra.nill' :1.t WarmbathR fifty 

(80 kill.) to t.IH' <·ast-Ront.h-t>ast. 
ThP spring at Dn Bad, in the w<·stPrn CapP Provinee, situated in a deer 

vaiiPv. will bP s<·Pn from the Sl'l·tion ih; origin is rehtlin•:y simph•. Rain 
fallin.g on a mountain rangP form('(l by S<'tndstonPs o( t·h<• Tahk Mountain scriPs 
(Dt·Yonian) d1·sePnds in a !lP<'l), fairly sharp s.nl<'lilll' awl Pm<·rgps behind a barrier 
formP<l a prornirwnt. shn,Jp b:.;,nrl. 

ThP hot. 1<pring at Gowlini, alw in nw Wl'St.!'rn Cape ProvilwP, riSl'S from a 
Hlitl-Cn•l:'W<'OliH fanlt. in tlw T:thl1· Aeconling to Dr. F. C. TrntPr 
of 1lw GPological Snrvpy' who in H'St igat ('([ the arra in I 1 he wat.er prohably 
JWrrolat<·R along an!l down t lw plant• of thp \\'orrt•Rt·C'r fa.nlt, is Olll' of t.hc 
major bulls of South ;\frita. fa,uH connt.ry, and 

thus be built up in t.lr<• wat.t •r <h•f<('.l'IHiing in tlH• fraet.nre zone. 
Thi,; \rater }lroba.bly in t.lw sandstonp eonfin<'d lwhn'<•n a P.ha.le ha.ntl and 
tlJ(• of tll(• Hold•<·n·lrl until1'lw pla!H' of the Goudini fn,ti1t 
is l'll<·ountt•re<l, where the pressnr<• is rPliewd. Some of the h<it watC'r may origi-
na.tc frolll min JWn·olating in the .nm1dini fa.nlt, zonC'. 

Ht>t·<•nt ddai!Prl rna.pping b:v ::llr. D. P. van Hooy<'ll of tht• 0<'ologieal Smvcy 
show('(l t.Jtat hnth fmilting a.JHl an intrnRion of llia.ba.r,;p art>. rPRponsibl<' for the 
<·m<·rgPn<'!' of hot; watN at \\'dgPvondPn in thr nort·h-c·.entra.l 'rransYa.al. Ha.in 
waJt>r is asfnlllH·d t.o JH•reolatt• t.l1rough sa.Hdst.onPs of the \Va.terberg system 
until a rliabafw dyke is l't'c1f'hed. ThiR CVl'llt·Ually t.urns a!Hl follows an almost 
Vt'>.'iiea.l bult eut.ting t.hrough fdsit.('s of tlw Jlooiberg scriPs (prt>-Cambrian), 
'Tlw hot. wat.er in t.hc f:mlt; zone alongsitlc t.he dylw. 

The sha.llow(·r thermal artesian borphoiPH <lo not eaU for any special com-
n!l'ntf;. The dt·<·p 7Jwartkops bon·hole was drilled in an artesian basin forn1C'd of 
Lowt•r Crd.aeeonf> roeks lying nneonformably on wh:tt. was taken to be the Bokke-
\'Pld It is lrss easy to aceount for the flowing supplies struck at great 
<h•pt lis in the Orange FrPe State. Compaction of the aquifer, la vas of the Venters" 
1iurp syst;rn1 aronnd Odendaalsrns and pn•-Karroo noritc at Trompsburg, 

tl:e most lik<>ly explamttion. 
Together the seven South African scalding springs bring to the surface 

150,000,000 kg. cal. of heat per 24 hours. 'rhc information re-
garding tC'mperaturPs and ftows of the remaining thermal springs is not 
compkk, and reliable calculat.ions of t.hc cliseharge of heat eannot be made. It 
is t.haL tlw total for all the thernutl springs in South Africa. is about 
fiOO,OOO,OOO kg. eal. per 24 hours or 5 ·8 x 10-10 ca.l. cm:l sec. averaged over the 
wlwlP surface of the eonntry. This may b<' compared with Bullard's4 figure of 
l·Hl x 10- 6 eal. ern .2 Sl'C. for tlic mean hC'a.t How in South .Africa. Thus the heat 
brongh t t.o the surface thermal water is only one two-thousandth part of that 
nomutlly dissi1mted by eonduct.ion the crust. 
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c\CTIONS OF TTIF. GEOLOGICAL SOCIETY OF SOUTH AFRICA 

PART. IJ. SOUTH WEST AFRICA. 

I. INTHODUCTION. ' 

With an arra of 82,292,180 hectarcs (317,725 sq. miles) the Territory 
of Sout-h West Africa is about three-quarters of the size of the Union of South 
Africa. In the 'L\•rrit-ory t-wenty-four springs are known to be thermal, and on 
the basis of temperature they may be classified as follows :-

Warm 
Hot 
Scalding 
Temperature unknown 

8 
4 
9 
3 

As the mean annual temperature in the mountainous tract around the capital, 
Windhoek, is l9°C. (66·2°F.), the same figure has been used as in the Union to 
divide thermal from non-thermal springs, viz. 25°C. 

The positions of the various springs are shown on the map, Fig. 3, which is 
basPd on all aYailable published information supplemented by a personal corn· 
muuication from Dr. H. l\Iart.in, geologist attached to the Administration of the 
Territory. 

Relatively little is known about these ti.wrmal springs. Many of them occur 
in valleys in the central highlands between H<'hoboth and Omaruru. On this 
mountainous traet, which stands some 1,500 to 2,000 metres (4,921 to 6,562 ft.) 
above sea-level, the rainfall is fairly high, 35G to 406 mrn. (14 to 16 ins.) a year. 
·westwards it falls rapidly to less than 25 mm. (1 in.) in the coastalNamibdesert. 
In the far north the cc-astal belt passes over from a sand desert into a fairly 
mountainous region known as the Kaokoveld. Here the annual rainfall is about 
76 to 152 mm. (3 to 6 ins.) and there are at least four springs reputed to be ther-
mnl. e East of the Kaokoveld, in the Otavi Mountain Land, where the rainiall is 
abmJt 560 mm. (22 ins.) a year, there are several fairly strong springs, only two 
of which, those at Rietfontein and Nanmotoni, n.rc even lukewarm. In the 
extreme south of the Territory, in the baKins of the Orange and Fish rivers, the · 
rainfall is very low, about the same as in the Kaokoveld ; but in this arid 
region no less than six thermal springs are known. 

II. TEMPERATURES OF SPRINGS. 

·Compared with the Union a much higher percentage of the springs ar(; 
scalding. Doubtless this is due, in part, to the Territory being less well-known . ' with the r(•sult that many lukewarm springs have not attracted any attention. 
Furthermore, a deep-seated spring in arid regions has a better chance of survival 
than a shallower one. Finally, the central highlands of South West Africa are 
highly faulted, and minor earthquakes show t.ha.t movements still take place 
along several of the fault planes. By thus keeping fissures open deeper penetra-
tion of water is made possible. · 
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10;\H OF TilE «EOLOUJCAL ROCIETY Ol' SOUTII AFHICA 

ThP following t.empPrat.ure olmervat.iom have bet•n made:-

\\'indhoek (l'ahl spring) 
()Ill h Ul'll 
<; rus::; Ha rmen 
]\:lr,in Bnrmen 
On•apyu 
1\iais 
K l•·in \ Vinrlhoek 
11eltoboth 
:\f·ar f'utjo (position unknown) 
(;anikobis 
\\'annbad 
Hn(•,·r·ivicr 
Hidfnntdn 

cc. 
7!l·H 
7ti·5 
U5 
lil 
f)l 
!)!) 

ii•J ·2 
;,2 
'Hi 
.1() 
:17·5 
2R 
2Hl 

111. DISCHAHGES OF SPHINOS. 

Ohs('I'\' I"r. 
Gcv!'rs, HJ:H. 
Hehuock, l8!JU- 97. 

" " 
] 
1 !lOll- 08. 

Ue\:<·rs, 19:11. 
H r h1Hlck, li'!Jii- 97. 
Cock , 1929. 
Hauge, JOOli- OH. 
Hang:c; 1 !JOU-08. 
H .• \larUn. 191S. 
Owllcrs, llH8. 

.\t \YindhoPk sealrling !JOt, W<tter formerly cnwrged. at. six main 
an<l a numb('r of minor ones, all strung out over n.lengt,h of 1{ km. along 

fault. f\sxun• . Th<' hot.tPsl, t·ht· l'a.hl t-pring, hacl clisehuge of about 400 
l'lntl. (KX,:200 :L <by in l !I::!:P. As the .<npply insufl'i<'iPnt for tlw growing 
Jt<·('ds of H11· t.own, which Jt•JWrHled oH the t.lwrmal springs, sPvern.l bore· 
hoiP:; wen· sunk, aM a result of tlw inercased wit.lJ<lra.w;tl of water all tho 
former n:ttural i-iptings have <lril.'d np. In 1931, areording t.o Gevrrs3, tho com· 
hint>d yiPld of t,hes(• bon·holes was cbm. (550,tl00-621,000 galls.) 
:t day. c\t Kh•in Windhol'k, 3 km. to l·h<> c·ast, t.hc natuml springs have also 
lwtotttt· t·xtind. :>..sa rewlt. of the tapping of thP supply hy 

.\r·c·ordiug to Dr. H . J\fa.rtin the GroHs Ba,rrncn spring y idcls about 720 cbm. 
(] 5U,OOO g"fLilfl.) of wat.er a At t·he ot·hc·r end of the TPrritory the. warm 
,, pring at was estimatNl by Haughton and Frommurze4 to have 
a dis('harg·r·. of about 180 HO,OOO galls.) day. Avparent.l.v the only other 
t hn.t. ha;:; bef'n g;Lngecl is t.he lukewarm Olll' Hiet.font.pin, whkh, according to 
t.fw f.!Jl· H.ietfonkin l'o-opt•rat.i n· JA,cL, yiPlds about. 2,140 
f•.bm. (-17:.!,000 galk) pt•r day. 

IV. GEOLOGY OF TliE Sl'HlNGS. 

"\ :; fn,r :ti> il'l known most of t.hc thel'lll ?,! springs, and cspc>cially t.hc hotter 
ris<'· in fault or fmeture zoJws. Thc' \\' indhoPk springs, for t•xample, rise in 

wrtiutl tlsRnres associat.l'd with volea.nieity possibly of CrPtn.eeous age. 
Th<' lukewn.rm ones at Okat.jeru and Ongr:1m:1 (Oktmjarna) also lie on a.ssoc-

hn•er·.i:o-fillr<l f1ssurcs.3 Gross Barmeu Prncrges rJt the nort.Jt end of a fault 
I hat. sout,Jrwm·cls int.o the Khomas Highlands. · 

ThP lukewrmn .Rietfontein spring, on t.he other hand, issues at the contact 
oi tlw limestonps (prc-Cambrian) and Arehaean schists: 

An:ording to .n.r. l\Iart.in t.hc SnryriviN and Ganikobis springs rise alongside 
dykNL At Sneynvwr the country rock is Arthaean granite, whereas at Gani-
l:obisit is tlw basal sediments of the Dwyka SPries 

is a barrier spring, t.he barrier bPing a ret>f of arnphibolit.e 
eut.tmg acrm;s shPared gn<·isses4. 
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THERJ\fAL WATJ.:RS OF HOlJTil AFitiCA 2til 

V. 'I'HI<JHMAL BOHEHOLJ<JS. 
\Varm water has been st.nwk in of the hon·holPs in the arteHian 

to t.he nort.h-east of Gibeon, The main a(]nifer, a· fairly thick sandsf.o1w in t:hc 
Permian Beea seri(•s, is struck at d<>pt;hs n[ hPtWN'll 43 itnd 166 m. (1 '10 to 3-13ft.). 
The strongest hole yieldrd 4,083 chm. a d:ty (HOO,UO galls.) The of 
t.hc water t.aken at two boreholN; in the Auoh area. were 32°C. and 33 -7"C.2 

BorPholes rccent.ly drill<>d in nortlH;oHth t·rl'tHling fault zones nortlt-ea.Rt of 
Ornaruru ha.vp also struck wa-rm wat.er. The following: pa.rt.iculars W('n• obt<tillt>tl 
through Dr. )Jart.in :-

r 
Depth. j from surface. YieJd l24 hrs. , , , 

Boreholc. 1---- ----- · 'I"'"'"· 
_ _ m. --· _ g<tlls. ;--
Doornkom I R 1 265 I · lOR I > :127 > 72 .0(10 . 85-··1 11 
P('terkin H:3 

1 
274 :12 , __ JOB > :1!10 > Rii.O!H) . 

it should be noted that in South W<'st Africa wa.ter in shallo\t 
generally 1tas rathc1 a high t<>mp<>rature, about 23 ° to 25°-C., for the tla,y 
the ha.u<>n rocks and soil acquirl' a far high<>r tcmpcrat-nre than the air. 

VJ. OF THE THEH:\L\L WATEHH. 
Analyses of only tlw therm:tl waters \Vindhot>k\ Gross BarmcJ!, 5 Warm-

bad", a.nd a spring near Outjo1 have bePn published. The first two risl' from 
Arehaean schists, \Varmba•l from granite-invaded gn!'isses, while , the Pxact 
Joeality of the Outjo liistrict spring is not known. According to f'cwk1 it also 
ris(•s in granit.e. It may he Otjitamhi. 

In his paper on the \Vindhoek springs Gev(•rs3 includPd several analyses. 
The most complete of t-hese are inelude<l in t.he following Table. are of 
water from the Pahl spring bortholo a.ml from tlw Jan .JonkPr horchoks, 3 km . 
south of the Pahl spring, hut. on the same fissure. 

The analyses have a.ll b<>Pn recalculatPd on an ionic basis. 
Tl}e - \Vindhoek and Gross Barmen springs arc Ollly miner-e.lised, 

whereas Outjo and vVarmln:,d ?.re saline. Compued with the i11 
the Union the most st.riking fca.t.nre is the high content, part icula.rly 
at Gross Barmen and the Jan JonkPr horeholes, wl1crc potassium excre1Is sodium. 
Assuming t.hc accuracy of the analyses this is doubt.less clue to the hi)!h!•r pro-
portion of potassium in the Old granites and schists of South \Vest Afri<'8, 5 

Sulphate is also high in thn wat.Prs a.nd nt; \VindhoPi;: is f;:,r moro 
prominent than chlori1lc. The pll vahws w<·r<> not. tlPkrmined, hut for tlH' s<;k1• 
of uniformit.y all the carbomott' hn.s het•n '"s bica.rbonat<• . . Thi8 is a 
particularly important. h<'m in the \Vindhoek wat<•rs, but. OY.-ing to thP 
of calcium carbonate in the Pahl borehole pipes t.hc a.nalysis is not 
senta.t.ive of the fissure water . . As is to be expPetPd in vt•ry hot water:-; ('Ont'n,inin!!; 
alkali bicarbonate or carbonate the siliea. contl'n1; is high. To a 
balanep bct.wecn eatlons and anions it .ha,:-; had to be ca,Jeuhttt'd as in tlw 
Windhof'k watPrs. 

- i ' 
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ANALYSES OF SOUTH WEST AFRICAN THERl\lAL WATERS. 

\\'U>DHOEK. \VIXDHOEK. GROSS BARMJ':N. Ot:T.JO DISTRICT• \V.illMBAD . 
Pub! ><pring borcholc. Jan Jonker bordwlcs. (Po"ilion unknown). 

IONS. - . 'I . I 
mgm. I mgm. rngm. J mbm. . mgm. 

p1:r N /1,000 per N /1,000 per N /1,000 per N /1,000 per N/1,000 -------- _ litt·e. I litre. . litre. .. liJ..t·e. 
,. 

NH.- . . . . nil - nil - tr. - - - - - -
Na.· . . . . 212·2 9 ·23 58·6 2·55 132 ·2 5·75 203·5 12·77 550·3 23·93 
K· . . . . 101·3 2·59 76 ·4 1 ·95 134·2 3·43 155·4 3·98 9 ·6 0·25 
Mg·· . . . . 12·1 1·01 40·4 3·37 2·64 0·22 86 ·9 7·15 5·5 0·46 
Ca·· . . . . 17·9 0·89 00·1 4·50 37·9 1 ·80 69·2 3·46 163-(1 8·18 
AI--·+Fe··.. . . tr. - tr. - - - - - 0 ·9 I ? 

Sumofcations .. 343·5 13·72 265·5 1 12·37 306·94 ll-29 605·0 I 27·36 729·9 32·82 

Cl' . . . . 63·0 1 ·78 42·0 1·18 127 ·9 3·61 543·2 15 ·32 709 ·6 20·01 
NO,' . . . . nil - nil - - - nil - tr. -
so.· . . . . 176·4 3'67 141·6 2·95 373·8 7·78 411·4 8·57 546·6 u-38 
HCO,' . . . . 224 ·6 3·68 241·2 3·95 n.d. - 211·1 3 ·46 857·7 1·41 
Sio,· . . . . 177·2 4 ·66 151·9 4·00 n.d. - - - - -

Sum of anions . . 441·2 I 13·79 576·7 12·08 501·7 11·39 1,165·7 27·35 2,113·9 32·80 ....... 

H,SiO, . . . . - - - -. n.d. - - .,. 44 ·0 j - 109·2 -
(' silicates ')I 

Dissolved H,S . . present - present - 4 ·25 - n.d. - n.d. -

Total sum of items I l l 
determined . . 784·7 - 842 ·2 - 812·89 =- 1,814·7 _ I - 2,223·1 I -

Items sought but 
not found . . - - - NO,', PO,"', HB03' -

Date and analyst l926,Versuchs&LehranstaltfiirBrauerei,Berlin 1911, C. Grimme 1929, G. Cock 1914, \V. Versfeld 

Temperature of ' ·J· 
water oc. . . 79 ·8 I 33-35 · _ 65 46 37 ·5 
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THERMAL WATERS OF SOUTH AFRICA • 
Tcst.s :madc in 1931 by GevPrs3 with a calihra.tcu electroscope showed t.hat. t.lte 

scalding :Waters of WindhoP.k arc only slightly radioact.ivc. The cooler water 
from the Jan Jonkcr and other borcholes is much more radioact;ivc, the highest 
value obtained being 12·23 MachC units at .the borehole of the South West 
Breweries, Ltd. 

An evaporate of a sample of water from the Aiais spring was submitted to 
Mr. R. F: }3ouwer of the Geological Survey for determination of it.s radioactivity. 
No signs of radioactivity were, however, detected . 

VII. SPRING DEPOSITS. 

At W.indhoek there has been extensive depoilition of calcareous tufa, the 
layer at Gross \Vindhoek having a maximum thicknt>ss of 2! to 3 m. Rt>cently 
deposited material in the pipes at the Pahl bore hole has the following composition: 

caco. . . . . . . . . 98·24 
ca.<so. .. .. .. .. 0·41 
BaSo. .. .. .. .. 0·3G 
Fe,03 .. .. .. .. 0·80 
MgO . . . . . . . . tr. 
Insoluble . . . . . . . . t.r. 

99·83 

Analyst: J". P. van der Westhuyzen. 

VIII. SOUHCE OF THE WATERS AND THEIR HEAT. 

The Windhoek springs rise from almost vertical fault fisfinrf's along which, iu 
possibly Or,eta.ceous times, there was volcauic activity. Alt.hongh the fissures are 
of Yoleanicorigin, Gevers3 rPgardcd the water as ahn0st. cert.ainly meteoric. Rain 
falling on the mountains just wut h of the \Viudhot>k valley a.nd som e -;-eo to 
800 m. (2,296 to 2,()2-1 ft .. ) higher is believed t,o get iut:o the fisstuN; 
by percolating along a bed or beds of pernwable quartzites that arc interleaved 
with ga:rnet -biotitc sehists. These beds dip northwa!'<'!": towards the 
springs, fi,rst steeply and then at about 20° to 25°, and the uppermost 
quartzite )\·ould lie about 2,000 to 3,000 m. below \Vindhoek. No gcothermal 

have been made in the Territory, and Gevcrs assumed the 
step to be about 33 m. per 1 °C. In Hhodesia , however, 

at the Globe and Phoenix l\Iine gave average valm•s o[ G7 ·5 m. 
and 65 ·3 ' m. per 1 °C. for magncsian schists and Arehaean granite 
respectively. 7 On the other hand the considerably lower step of H m . per 1 cc. 
has been found in the copper mines at l\1essina in the N orthern Transvval. If the 
value at Windhoek is 2.ssumed to be 40 m. per 1 ,C., the water would hvve to 
descend to about 2,500 m. (8,202 ft.) to attain a temperature of 80°C. This is in 
.agreement with the calculat,ed depth of the assumed aquifer. As volcanism took 
place along the fault fissures it may quite safely be assumed they penetrate 
to a great de.pth, 2.nd it seems lihly that even at fairly great depths they arc 
sufficiently open to permit percolation of w2.ter. 
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2fH THA OF TilE UEOJ,OWCAJ, OF ROUTH AFRICA 
• 

EYtll tl1ong-h llH·rP posi-Mt·sozoiP voli'R.nicit.y in t.]l(' T(•ITitory, 
it prolml!IP th :tt n.IJ t .hP thPrrnal :HP of Jll(•tl>oric orig-in, t.he 
wakr bP<·nilling htat.<·rl :.t.K <I rPxult. of lht• llOrtll<tl g-(•ot.JwrrwLI gmdiPut snpplc-
nwniPd, h.v fridion;d hPat. d<'vf'lopPtl t.hp mcvP.ml'nls that still 
t.akP plae,:P along S(•vnrn.l of t.Jw spring fr,ult.s. 
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