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Pi-t.'eliminary Report on the Mineral
Springs of Southern Rhodesia.

INTRODUCTION

Not much interest has been taken up to the pradent in
‘i.he mineral springs of Southern Rhbodesia, and certainly very
jittle use has heen made of them. Exceptions to the latter
atement are the use of “The Hot Spmms ' Mutambara,
nd to some extent the Tupisi hot spring in the same dis-
ict; for health purposes; the experlments to extract com-
mercml salt from the Nichenge brine springs; and the use
he dilute Sunga springs to form an important part of the
Wankie water supply Apart from the above the natives
‘extract a salt from some of the spring walers or from the
eis’ into which they flow, and perhaps use some for
..medlcmal purposes.

PREVIOUS INVESTIGATIONS.

 The first. account of an exact nature of any Rhodesian
pnngs was given in a paper by D. Ferguson (1) in 1902.
J. C. Molyneux (2) and F. P. Mennell (3) made contri-
butions soon afterwards.

. Since the mceptlon of the Geological Survey mmformation
bout the springs has been collected as opportunity offered,
B. Lightfoot (4) recorded observations in Bulletin No.
The Geoloo'y of the North-Western Part of the Wankie

The ne_ral information gathered was collated 1 1910
nt to Professor M. M. Rindl (5), Grey University
“ Bloemfontein, who made use of 11 in his paper on
e Medicinal Sprmgs of South Afriea.

Thermal springs, the location of which was known, were
irked on the Provisional Geological Maps of Southern Rho-
esia (6) published in 1921 and 1996 respectively.

“A further systematic collation of the information on the
'--Greologlcal Survey files was made by Mr. S. C. Morgan in
928, and this information was sent to Professor Rindl (7).

vho made use of some of it in one of his supplementary

japers on thé medicinal springs of South Africa. Mr,
Morgan’s compilation has been thoroughly revised and
ought up to date.

' Xn this work the writer has had the assistance of Mr. K.
olding, Chemist to the Geclogical Survey, who, apart from
ontributing the original analyses, has re-calculated the
der -analyses to those of the International Standard
asurements




No.
2601
2602

2603
2604

3101
3102
3103
3104
3105

3106
3107

3701

3702

A LIST OF MINERAL SPRINGS IN

Name.
Loyaguxpr Districr.
Chipiso thermal spring

Mendayatswa ooze
Kalishe swamp
Thermal spring

MErsgrrEr DistrIicr.

Msvengezi thermal spring

“The Hot Springs,”’
Mutambara
Rupisi hot spring

Sulphurous spring

Dunstan spring

Chimanimani geyser

Chiwichuhagwe thermal
spring

SEBUNGWE 1ISTRICT.

Kabira (or Zongala) gushers

Tabimbi thermal spring

Solids.
Parts per
million.

1321
1583
2234
304
368

389

622

1290

SOUTHERN RHODESIA AND CLOSE TO ITS BORDERS.

Chief ions.

S0, Na

S0,, Na
S0,, Na

HCO,, Na,
some H,S
HCO,, Na,
some H,S
HCO,, Na,
some H,S
Some H,S
SO,, Na, Ca

Cl, K,
some H,S

Cl, CO,,
SO, Na,
some H,S

Temp. °C.
hot
cire. H0°

cold

53°

36° to H6°

62°

A

cold

tepid
? hot
? hot

22° to 97°

hot

Height above
sea level.

1270
1350

2050
2000

1680

2019

helow
3000

Formation and deposits.

Gneiss near down-faulted
Karroo beds. Calcareous
sinter and salt deposited

Karroo beds ? faulted

Karroo heds

Near fault 1in  Archaean
granite
Fault between TUmkondo

beds and Archaean
(Gmeiss perhaps near fault

? Archaean

Umkondo beds

? Frontier system

Intrusive contact of gran-
ite with Karroo basalts

Karroo beds

Karroo beds
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3706

3901

4204
4205

4206
4207
4208

4209

et P
" Sibila- thermal spring

Sinesitonko thermal spring

Umrart DISTRICT.
Spring

Victoria DisTRICT.
Thermal spring
Wanxkie DistricT
Gobo springs
Sulphur spring

Chawato springs
o

Nichenge brine springs
Sidenda thermal spring

Bidida thermal spring
Shumba thermal sprino's
Sunga thermal springs

Sigobomo or Elephant
spring

2960

276

3771

Some H.S

Some H,S

?10,, Na

Some H,S

('l, Na,
some H,S
Some H,S

1, Na,
H,S

1, Na

?(Cl, ? Na

2Cl, ? Na

CO,, Na

S0, Ca

cold

? warm

cold

cold

one warm

? very
2 warm
warm

warm

cold

hot

about

2000

about
2500
about
2600
about
2600
3050

about

2000

1990

2440

Karroo system
Madumabisa Shales of the

Karroo system

Granite

Fault in Xarroo beds
Batoka Basalts
Karroo beds near faults

Archaean granite
? Batoka Basalts

Karroo beds

Karroo beds

Fault  between  Karroo
sandstones and basalts

Kalahart sand overlving
Karroo beds

-Maduma'blm ‘Shales of the
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No.
4210
4211
4212
4213

4301

4401
4402
4493

4404
4405

4406
4407
4408
4409

4501
4502
4503

Solids. |

Parts per
Name. million. Chief ions. Temp. °C.
Sigobonya thermal spring — — ? hot
No. 9 bore-hole water T32 S0,, Na cold
Chigwadada thermal spring — — tepid
Sakabika thermal spring — —— warm

Becrvaxaraxp ProreEcroraTE near the Scuthern Rhodesia border.

10802

Nungwe thermal spring Cl, SO,, Na  warm
NortHERN RHODESTA near the Zambezi river.
Thermal spring e ? Cl, Na hot
Chilundu springs — e 31°
Chilambwa thermal springs — ?(Cl, Na 90°
Manzaia thermal spring — e 66°
Kapesa (or Chatenta) ther- — S, 2L 73°
mal spring Na,
Spring - — _—
Spring (¥ gusher) — — ? tepid
Nakuyu springs - ? Cl, Na 32°
Kabwili ooze — ? Cl, Na 21°

PortucUesE East Arrica near the Southern Rhodesia border.
Thermal spring — _— —
Thermal spring — —— —
Shaiva thermal spring — — —

Height above
sea level.

2285

Formation and deposits.
? Basalt
Karroo beds
Karroo beds
Archaean granite

? Baioka Basalts

Batoka Basalts

? Karroo beds. Some sinter

? Basalt. Some sinter and
salt

? Karroo beds ,

Karroo beds. Some sinter

Sandstone

Some travertine deposited

Karroo beds

? Karroo bheds

? Frontier system
? Karroo beds
Karroo beds
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PDISTRIBUTION OF THE MINERAL SPRINGH. 11

PV

TRIBUTION OF THE MINERAL SPRINGS.

all, thirty-two localities have been recorded in South-
hodesia, but as the issue of mineral springs knows
itical boundaries and as a number issue just without
undaries of Southern Rhodesia, particularly on the left
k of the Zambezi river, such 111f01'nmt1011 as has been
mable about another thirteen springs closely related to
1ssumg in Southern Rhodesia has been included in the

"‘he Iocahtles of all these springs have been plotted oun
ap" at the end of the volume. It shows their distribu-
‘a striking way: namely, a group aligned south-west
orth-east down the Zambezi valley and another one
alipned north to south down the eastern border. There is
e evidence for an east to west line of springs on the
it flank of the Limpopo valley in the northern Transvaal,
there appears to be only one of this group recorded as
g within the area of the map: namely, the Stindal
o east of Rhodes” Drift (Rindl, 5) about which no fur-
her information is available. The only recorded exception
o this remarkable distribution is the small thermal spring,
101 on the right bank of the Mtilikwe river south of Fort

--"I‘HLIR RELATION TO THE GEOLOGICAL
STRUCTURE.

-'iﬁay be said at once that the two groups issue in those
areas i which faulting and the displacement of blocks
rips of the earth’s crust have taken place in times
_than the ou’tp()urm<T of basaltic lavas at the end of the
oo period. It is in the same two areas that slight earth-
ake shocks are felt more often than in other parts of the
ony. Before the age of the lavas was established, and
:were thought to be of Tertiary age or even younger,
10t springs were believed to represent the closing phase
at period of wvolcanic activity. It now appears that
re i3 no connexion between the extrusion of the Kairoo
15 and the present day hot springs, and the origin of the
must be sought in other directions.

The chief known faults of post-Karroo age are shown on
map, and it is very evident that there is a close corre-
ondence between the distribution of the mineral springs
that of the faults. This is well shown in the country
-_‘W__a__;lkle, which has been mapped in detail (4, 8).




12 RELATION TO TIHY GEOLOGLCAT STRUCITURE,

Here the Sunga thermal spring may actually be seen to issue
from the fault fissure. *“The Hot Springs’ in the Mutam-
bara Reserve also issue on or close to the line of a powerful
fault.

The effect of the faults in the Zambezi valley has been
to throw down strips or blocks of Karroo beds to lower
levels. l‘lequenﬂy a suite of more or less parallel faults throws
down the beds in a succession of steps, but in placeb a strip
of country is let down into a trough between opposing faults.
In the list of springs it will be noticed that a large majority
of those belonging to the Zambezl group issue from the sedi-
ments and lavas of the Karroo system. The exceptions which
issue from Archaean rocks appear in or in the vielnity oi
down-faulted blocks or strips of Karroo rocks.

The thickness of the Karroo sediments in the Wankie
District is less than 1,700 feet (8), and this thickness 1s not
likely to be greatly increased down the Zambezi valley. It
will be shown later that many of the thermal springs must
arise from much greater depths than 1,700 feet. They must
therefore arise in the underlying Archaean complex. The
fact that in the foregoing list so many springs are noted as
issuing from Karroo beds is not to be taken as indicating a
direct association of the mineral springs with the Karroo
system. The connexion is between the mineral springs and
the belts of faulted country, that is, with the geological struec-
ture, not the geological formation. A case in which the
mfuence of the Karroo formation has determined the charac-
ter of a mineral spring water is that of the Sigobomo spring,
4209, discussed in the final section of this bulletin.

The Melsetter District i1s stepped down towards the west
by two powerful faults trending north and south. Two of
the better known springs issue from, or in close proximity to,
the more westerly fault. The line of the eastern fault and
the position of the springs in its vicinity is too little known
to make any definite statemeni on the relationship. Both
faults affect the dolente sills which are intruded not only
into the Umkondo beds but into the Karroo rocks sitnated
to the west of the Sabi valley. These faults are therefore,
so far as we can tell, of about the same age as those of the
Zambezl valley, Both series are apparently an extension of
the more intensive movements which took place at intervals
throughout several geological periods in central and east
central Africa, and culminated in the formation of the well-
known Rift Valleys of that region. The voleanic activity
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vrth those movements, which probably com-
pper Cretaceous times, has extended throughout
y period and is not yet at an end as 1s ev1denccd
ntly active volcanoes of Teleki and Donyo Ngar.

more - reasonable, therefore, to connect the earth
nts and thermal springs ol the Zambezl valley and of
n border with the earth movements, volcanoes,
es, etc., of east central Africa than with the much
iod of volcanic activity in late Karroo times.

HE ORIGIN OF THE THERMAL SPRINGS.

.ﬁiétinot hypotheses have been put forward to account
origin of thermal springs. In the one it 1s thought
‘these step-faulted and trough-faulted regions which
fore subject to tensional stresses, there are fissures,
fault fissures or not, penetrating sufficiently deeply

ion of waters from the surface. The water is thereby
the required temperature and may be brought .to

ection: . On this hypothesis thermal springs may be
igsue” generaliy on 1'elatively low ground, and

'bo'e the 3, 000 foot contour wh:llst 1t 1s estlm.ated
of the countrv lies above, this altitude., A

7(_)}1_ our, and in thI‘S connexion it is to b rement-
'y little land in Southern Rhbodesia lies below

3| _und water acts chemically upon the rocks
iich it moves, and dissolves some of its constitu-
ot water 1s naturally more sctive chemically, can

The mineral content of thermal springs is, on
'_.under dlscussmn obtained from the rocks

Depth of Origin. Tt is well known by reason of the
ure attained by the rocks in deep mines and borve-
the: temperature of the earth’s crust rises at a
_mt_»e.ab one descends into it. The water which
“into the crust must reach almost exactly the




ZIENE

e R

TR

14 ORIGIN OF THE THERMAL SPRENGH.

temperature of the rock in which it moves before beginning
its ascent. If we know the rate of increase of temperature
(thermal gradient), it 1s easy to calculate the approximate
depth from which a hot spring rises.
depth of origin

Temp. of spring = mean ann. temp. + — -

depth for diff. of 1 deg.
Therefore, depth of origin "= temp. of spring — mean ann,
temp. x depth for diff. of 1 deg.

The thermal gradient in this country is known from
observations made in the Globe and Phenix Mine to be one
degree Fahrenheit for 119 feet in granite country (9); that
18, for every 119 feet of depth below the surface the tempera-
ture of the rocks rises one degree Fahrenlheit.

The mean annual temperature at the spring must be cal-
culated by allowing a rise of three degrees Fahrenheit for
every 1,000 feet decrease of altitude below the nearest
meteorological station.

. In the case of “The Hot Springs,” Mutambara, 3102,
which Iie 8,600 feet helow Melsetter with a mean annual
temperature of 62.9 degs. ¥., the mean annual temperature
may be taken as 62.9 + 10.5 = 73.4 degs. F. As the tempera-
ture of the hot eye 1s 133 degs. I¥., the depth from which the
water rises is:—

183 - 734 x 119 = 59.6 x 119 = 7,092 feet.

For the Rupisi hot springs, 3103, and for the XKabira
gusher, 3701, the depths of origin appear to be approxi-
mately 8,300 and 15,300 feet respectively.

It is very difficult to vmagine conditions in which fissures
would remain so persistently open as to allow surface waters
to percolate to these great depths countinuously.

The second hypothesis on the origin of the water of
thermal springs is based on the fact that all igneous rocks,
meluding  granite and other deep seated rocks that only
appear at the surface through erosion of the rocks overlying
them, contain water in appreciable amounts. Further, water
mainly in the form of steam is given off copiously during
volecanic eruptions and escapes in clouds from molten lava
as 1t solidifies. It is not necessary to assume that the water
of thermal springs 18 meteoric (surface) water which has
descended into the crust and been returned to the surface.
It may have been a constituent of the molten magmas of the
interior. Such waters which are thought to have reached the
earth’s surface for the first time are known as juvenile waters,
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with meteoric waters which have penetrated from
faece and are known as vadose.
istribution of the mineral springs in Southern Rho-
the faulted regions, which appear to be a prolonga-
he more intensely faulted regions situated to the
which volcanic activity has been rife and is not yet
s quite in accord with this hypothesis.
he 'ﬁempelature of the rocks forming the walls of the
ts is raised by friction due to fault movements or by an
g body of molten magma which has moved up from
depths then the thermal gradient is increased, and
nth of origin of the springs will be less than that
d by the formula given above.

1, The leldlng‘ line between mmerl splmg.s anﬂ
v sprmgs 1s thus purely arbitrary. It is often taken
enience at a tenor of one gram of dissolved solids per
quals 70.15 grains per O‘allon) In terms of the units
“for - use by the International Committee on
Meas rements in 1929 (10) and used throughout
. ‘gram per litre is, of course, represented by

f solids per million. On this basis it will be

vJ,H be Seen that all the waters are vm]\ .solutions ’rhi.s

r' million. This brme h‘m no doubt, bccn
Y vaporatlon and 1t 1s hlxeh that the same
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process has acted on No. 9 bore-hole water, for at times it
reaches to a foot below the surface.

It is usual to classify a mineral water according to the
dominant non-metallic constituent, acid radicle or anion dis-
solved in it. The mineral springs of Southern Rhodesia thus
fall into three main classes, namely : chloride waters, sulphate
waters and carbonate waters. A fourth class contains the
mixed or indifferent waters, that is, those without one pre-
dominant anion. Any of these waters may also contain sul-
phuretted hydrogen (H,S), easily recognizable by its smell
of rotten eggs. This gas is recorded from twelve out of the
thirty two mineral springs, as follows: 3101, Mwengeu;
3102, ““The Hot Springs,” Mutambara; 3103, Rupisi hot
spring; 3104, spring; 3701, Kabira; 3702, Lubimbi; 3705,
Sibila; 3706, Sinesitonko; 4101, Thermal spring; 4201, Gobo;
1202, Sulphur spring and 4203, Chawato. The presence of
the gas sometimes forms the criterion for a class of “sul-
phuretted waters,” but the quantity in Rhodesian waters is
always small and the above group manifestly comprises waters
of different types.

Chalybeate waters rich in iron compounds undoubtedly
oceur in Southern Rhodesia, but there is not sufficient known
about any of them to bring them into this account.

Another class is that of the silicated waters containing
silica which is deposited in the form of siliceous sinter. Ap-
parently the Kabira gusher (3701) is the only Southern Rho-
desian spring which deposits any appreciable amount of
siliceous sinter. The three thermal bicarbonate waters,
3101/3, from the Melsetter District are comparatively rich in
silica, doubtless owing to their relatively high content of
alkaline bicarbonate.

No estimation of the radic-activity of any of the mineral
spring waters appears to have been made.

.-



HLORIDE WATERS.

Kabira ... ... 3701 —
Gobo ... ... ... 4201 trace
Chawato .. ... 4203 ftrace

..o 4204 nil

SULPHATO-CHLORIDE WATER.
Nungwe, B.P. 4301 nil

Nichenge

STLPHATE WATERS.
Chipiso ... ... 2601 ntl
Mendavatswa 2602 nil

Kalishe ... .. 2603 1.5
Dunstan ... 3105 drace
Sigobomo 4209 trace

No. 9 Dbore- 4211
hele, Wankie

2742  —
1285.1 R%29.3
1963.2 288.5
3195.0 520.5

3510.5 2368.5

78.1 613.
200.2 7482
319.1 1005.1

14.2 113.2

53.3 2b44.2

73.5 €631.1

=5 :
=5 o
Lo :
3 =
W -

s 2
3

o =3
oy w0

215.9  50.9
33.5  978.7

36.1 1537.4
[P

2264.9

trace 2395.7

Caletom

oo
-

91.5
84.1

140.4

425.9

50.0
72.0
78.1
31.4

610.0

528.2

Magnesiom

Alumiiia an
irottoxid

— — 60.0
29.6 6.2 24.0
30.2 4.0 32.8
8.7 144 440
28.3 8.0 37.6
5.0 11.0 120.0
4.2 4.0  80.9
trace ftrace 82.0
3.6 4.4 trace
166.7fFe 5.0  98.4
1Al 17.0

368.8 _ 7.1

* e

w
o
fy

622.0
2960.6
4367.0

6621.0

10802.5
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Nitrate

CARBONATE WATERS,

Mwengezi ... 3101 n.d.

“The Hot 3102 nil

U,
Springs

Rupisi ... ... 3108 n.d.
Sunga ... ... 4208 n.d.

TRIPLE WATER,

Laubimbi 3702 —

hloride

©

53.2
L il o

h).2)

48.9
74.0

35301

Parts per million or milligrams per litre.

3]
R }
3
o
C
o)
~
=
o
=
&0

Sulphate
Carbonate

329 1278
507 97.8 5.7

o2
o

1.6 127.8 6.6
62.4  — 198.6

161.0  — 2540

Potassiam

n.d.
5.1

Sodiam

35.

32.F

Caleium

Magnesium

[Whh]

e

T

"3

£

Q@ @
R
g ©
= o
D
-t ~
o =

-3
cC

6.0

2.1
6.4

7.0

Silica

53.6

83.6

87.4
26.0

98.0

ce

.6

576.4

1290.:
*Mn 5.

)

S
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OF THE MINERAL SPRING WATERS. 19

fifteen out of the thirty-two recorded mineral

naland Protectorate near the Southern Rho-
These are classified in the foregoing table in

ehloride waters from the Wankie District com-
'm - group of weak brines. The high potassiun
o Kabira gusher, 3701, is noteworthy.

ongst ‘the six sulphate waters the three from the
ndi Distriet are closely comparable. The Sigobomo
4'2"09 has oalci‘lm predon:linant over sodium. This

m ngSt the Southern Rhodeszan mlnera.l watels. In
1s spring 1t is pointed out that the mineral con-
vater 1s probably derived from the underlying
great depth. Tt is probably a vadose water, and
' anatinn may apply to the Dunstdn hp}_‘mg‘ ul(-. .

T ult are albo olosely (ompar 1ble and no’rewol‘th\
: These thi‘vo Spl’lllgh have the
__gned to Juvemle waters. The table is not free
ght ambiguity due to the different ways of stat-
sis. oi a ca,rbonate watu The carbou dmmdo

residue obtained from the evaporation of the
rmldu(, 1o bmarbonﬂ,to would e\mt ”Wlﬂl

_‘thern‘lai spring, 3702, seems best clagsified

table some qnal}se' of well-known
Q,outh Afrmdn mineral springs are quoted for
data for the Kuropean springs have been
maV s ”Reoherche mpmge et aménagement



ANALYSES OF

k]
=
=

=
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=
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{UHLORIDE WATERS.

Kissengen, Bavaria 96050.4
Wiesbhaden, Prussia

Warmbad, S.W.A.

SULPHATE WATER,
Bath, England

CARBONATE WATERS.

Vichy  (Hbpital),
France

Warmbaths, Trans-
vaal

CHALYBEATE WATER.

Caledon, .7,

Sulphate
Bicarbonate

Carbonate

077.0 5452.0

167.1 1264.0

35010 110.0

SOME EUROPEAN AND SOUTH AFRICAN

Parts per million or milligrams per litre.

Potassium
Calelum

Sodium

~-  063286.8  —
70.1 2695.7 370.8

95.7 5489.2 1632.2

— 108.7 4327

340.3 176.3 2140.0 1020.0 170.0 1854.0 160.0

90.0° 1210.0 110.0

210.6 98.9 67.1

Magnesium
Alumina
Iron oxide

Silien

1.0 831.5

MINERAL WATERS.

Totals

159357.9

60.4 Br, I, Mn, 82411

T4 traces
NO, trace 21080.5

R031.0

Ii=1.0 5953.6
As, 0, = trace

P,0, = 20.0

Ii trace 3320.0

1392.3



Cauterets, TFrance

Malmesbury, C.P.

MIXED WATERS.

Karlsbad, Czecho-
Slovakia
Montagu, C.P. ..

86.0  23.6
5611.¢ 522.0

630.0 1749.0

~132.6 161.6

T97.1

181 .4

2.7 59.9
trace 3620.6
713.0 1246.0

361

oyt
pd,
443
-

62.0

37.8

51.0
26.6

15.4

51.9

2.7

S0, =2

H,S = 4.2

115.8

= T74.4
free CO,
= 66.0

Sro= 0.6
Mn =04
Ti= 0.16

: 0

1954

11276.8




22 TEMPERATURE OF THE THERMAL SPRINGS.

TABLE OF DISTRIBUTION OF CLASSES OF MINERATL

Nl
WATERS.
—
@
L s .
5] = - s =
= 'g o} ) ,_% L0
a o pe = . by 5.8
2 o] & Iy = 3 et u«oaﬂc
- - R = ; g
=4 g & @ S 2 - ”cé'": <5
- . = ik . Y . 4 -
o B2 E F L o2 & 25 2
b+ B - S S e -
Chloride waters 3 1 4 4
Sulphate watevs 2 3 1 ) 6
Carbonate waters 1 3 4 4

Waters of mixed
type 1 T 1 2

{Tnclassified,
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Number of springs 1 9 1 6 4 1 v 3 3 45

Beported fo
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etted hydrogen - 3 2 . 1 4 . 10 10

The table above shows the distribution of the classes of
mineral waters and the number in each class, but in the
absence of definite knowledge about so many of the springs
it 1s difficult to make any useful generalizations. The table
suggests that chloride waters predominate i1n the Wankie
District and immediately north of the Zambexi, These
chloride waters, except the Kabira gusher, are brines, but in
describing the Nichenge springs (4204) it has been pointed
out that there are no reasons for thinking that they indicates
the presence of bodies of rock salt amongst the beds of the
I{arroo system. Sulphate waters appear to predominate 1n
the Domagundi District and bicarbonate waters in the Sabi
valley.

TEMPERATURE OF THE THERMAL SPRINGS.

Twenty-three oul of the thirty-two recorded mineral
springs in Southern Rhodesia may be described as thermal
springs, though 1 a number of cases the temperature has
not heen accurately determined. Tt is difficult to be accurate
about the temperature without the use of a thermometer, but
it may be remarked here that a water that is only just bear-
able by the hand would have a temperature near 50 degs. C.,
though 1t 18 possible to drink a water up to about 55 degs. C.
Waters above this temperature are, in the absence of a ther-
mometer, best reported as very hot or scalding. The presence
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gas'f frequently leads to these waters being

3-66i&1position the difference between a mineral
nordinary spring has to be taken at some
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62 degs. C. Three of the group issuing jusi
northern Rhodesia border in the region of the
._,1‘-_"-have temperatures higher than the latier.

ation of temperature to depth of origin of the

t Springs,” Mutambara (3102), about 3,300
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- per hour;
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'-'-'(_3701), %3 600 0"1]1011.% pe honr'
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1'01111(1 the eye m‘ a .spuno' and consisting
e silica or calcium carbonate not roadzlx
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S (,fflorr,scence.s i the dry season on the
T l1.,;_;‘12311 streams rising from the springs.

y extensive deposits found arvound anv
in Southern Rhodesia. To some extent
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this is accounted for by the dilute character of the waters,
but the natwre of the waters is such as to lead us to expect
soluble salt deposits in most cases, and these, if deposited in
the dry season, are always likely to be re-dissolved in the
following rains.

Siliceous and some' calcareous sinter are reported from
the Kabira gusher, 3701, and calcareous sinter with very
small incrustations of sulphur and of sodium sulphate
{(Glauber’s salt) from the Chipiso thermal springs, 2601.

Around the eye of the Lubimbi thermal spring, 3702, a
salt consisting of nearly equal parts of sodium salphate and
chloride, with a little sodium carbonate, is deposited, whilst
as an efflorescence around the spring is a salt consisting
largely of sodium sulphate. Sodium sulphate efflorescences
come from the Mendayvatswa ooze, 2602, and the Kalishe
swamp, 2605,

Jommon salt of a pleasantly “‘sweet’” taste may be ob-
tained at times around the Nichenge brine springs, 4204, and
the natives are reported to obtain common salt for their own
use from the deposits around some of the other brine springs,
notably Sampakaluma, 3703. The spring 3901 in the Umtali
District is said to deposit sodium carbonate (washing soda),
but it has not been possible to confirm this by ifs
exumination.

THE INDIVIDUAL SPRINGS.

In this section the information about each spring has
heen collected wnder its own name and arranged in alphabeti-
cal order for convenient reference. In the numbers assigned
to the springs the first two numerals refer to the district ov
country, namely Lomagundi 26; Melsetter 31; Sebungwe 37;
Umtali 39; Victoria 41 ; Wankie 42; Bechuanaland Protector-
ate 43; Northern Rhodesia 44 and Portuguese Hast Africa 45.
The two latter mwmerals rvepresent the number assigned to
the spring in the distriet or country. The springs will be
found tabulated according to districts in the hist on pages 810
and their location 1s indicated on the map at the end of the
bulletin.

The recommendations of the International Society of
Medical Hydrology in regard to international standard mea-
surements of waters published in 1929 (10) have heen followed
in this report. Thus it is recommended that an ‘“‘analysis,
whether expressed in ions or salines, shall be in terms of parts
per million ; either as milligrams per litve or wmilligrams per
kilogram.” This column is headed “1.S.M.,"" an abbreviation
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onal Standard Measurement. The analysis is
I‘eSSéd in terms of milli-normality or willi-mols.
ned as the number of times the molecular welg.,hi
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BIijIDA THERMAT SPRINGS, 4206,

ormation in the neighbourhood is the Karroo
tary: system
1ity i native information per Mr. F. W. 'I'. Posseli.
TA SPRINGS. See Kapesa gushers 4405,
- Cmawato springs, 4203,
s.are situated about twenty miles south-west
vy station,  They oceur at the foot of a
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scarp facing north-east, within one mile of the source of the
Mambani river, which flows north-east to join the Umkwisisi,
a tributary of the Deka river, Wankie District. The posi-
tion is shown on the map accompanying Geological Survey
Bulletin No. 4, and lies about 2,600 feet above sea level.

The water is slightly turbid, is yellowish in colour, and
has an offensive odour, which it appears is due in part to
sulphuretted hydrogen. :

The springs issue from a fire-clay bed underlying the
Upper Wankie Sandstone of the Karroo system. The locality
is much distarbed by faults, but the springs are not
apparently associated with any fault seen on the surface.

Analysis by E. Golding (1928) of a sample collected
by B. Lightfoot.

PuIa:i;Ss,-B[I)'cn- Milli-normality ~ Solute

Lab, No. W.A3 million. N /1000. per cent.
Nitrate N, trace .. "
Chloride Cl1 1963.2 55.30 44.97
Sulphate SO 288.5 6.01 6.60
Carbonate CO, 391.7 13.05 8.97
Potassium K 36.1 0.90 (.80
Sodium, Na 1537 .4 66.84 35.20
Jaleium Ja S4.1 4.21 1.93
Magnesium Mg 30.2 2.49 0.69
Alumina and
iron oxide ALO,, Fe, 0, 4.0 0.09
Silica Si6), 32.8 - 0.75

Total ... ... ... ... 4367.0 100.00

Hypothetical Composition of Salines
Tarts per million.

Potassium chloride K1 66.9
Sodium chloride Na(l 3184.1
Sodium sulphate N2a,S0, 426.6
Sodium carbonate Na,CO, 997.0
Calcium carbonate a0, 210.0
Magnesium carbonate MgCO, 104.8
Alamina and iron oxide AlLO,,Fe,0, 4.0
Silica 10, 32.8

Total .. ... ... ... ... .. .. ... ... 43670
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L.i.ghtfoot, B. The Geology of the North-
the Wankie Coalfield. Southern Rhodesia
y Bulletin No. 4, pages 20 and 44.  Bulawayo,

:'si’tua-t_ed near the right baunk of the Lubu
. about three miles above its confluence
-ambeA nvm Wankie District.

ring issues at the head of a small glen eroded in
fd;‘mation. The water 1s not very warm, and

D. 'l‘he Geysers or Hot Springs
Proceedings of the

ous sinter is depomtﬁd bv tbe hotte%t

id oozes occur at Intervals of a few feet for
500 yards. The outflow from the springs

8 inches wide and 6 inches deep. The forma-

f‘Iﬁ_formation from Mr. C. ¥. Molyneux dated

Sues flom the S‘md on the Melsetfer s1de
nd that it is hot, but nothing is known about its
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volume or the composition of its water. The above location
plotted on to the Victoria Prospecting Company’s geological
map appears on the edge of an acid igneous complex of gran-
ite, syenite and more basic differentiates, which is intrusive
into the Karroo basalt lavas. Across the Sabi river about
14 miles west or north-west are the Loupangwan claims, on
which copper and tungsten ores were located many years ago.
These claims ave in the Ndanga Fast Native Reserve.

Crrrunnu sPrINGS, 4402.

The group is situated at Chilundu, a mile from the con-
fluence of the Zongwe and Zambezi rivers, draining towards
the former and fifty feet above the latter. The confluence
is about 110 miles north-east of Wankie township. The group
is in Northern Rhodesia.

The highest temperature recorded is 31 degs. C. (88 degs.
1), the mean temperature of the Zambezi viver water on the
same date being 72 degs. F. A small amount of siliceous
deposit 1s associated with the waters.

The eroup consists of three main springs with crater-like
outlets and of oozes which extend at mtervals of 80 to 100
vards in an east to west direction for a distauce of about
half a mile along the foot of a flat-topped range of hills
rising 250 feet above the plain.

The rock formation in the area is believed to be Karroo.

Reference. Tnformation from Mr. . ¥. Molyneux dated
16¢h May, 1919,

CIITMANIMANI GEYSER, 3106,

A true geyser, that is, a gusher with intermittent action,
has been reported to issue on the plateau of the highest range
of the Chimanimani mountains which trend north and south
along the Portuguese Kast Africa border. Natives say that
on occasions the water spurts forth to a height of several feet
and then subsides.

Mr. J. T. Martin, M.P., states that he had heard a
veport of hot water spouting 12 to 15 inches out of the
oround in the Chimanimani range, probably somewhere in
the unalienated ground south of Chamois farm.

The Chimanimani range consists of intensely folded white
quartzites older than the Umkoudo quartzites from which
they are separated by a powerful north and south fault.

Reference. ““The Rhodesia Herald,”” dated 20th January,
1998.




PLATE L

A PHOTO. C. F. MOLYNEUX

The main jet at the Kabira or Zon-
gala Gushers, No, 3701.  Sebungwe

District.

B. PHOTO. B.L.

The main jet at the Chipiso Thermal Springs, No. 2601.
Lomagundi  District.

ZIRCO COLLOTYPE CO., EDINBUAGH.
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CHIPISO THERMAL SPRINGS, 2601.

Mr. Lightfoot writes: ““These springs are situated
beyond the north-west corner of the Urungwe Native Reserve,
Lomagundi District. They can he reached by a Native De—
partment road, which leaves the Sinoia-Miami road 4.9 miles
before 1'ea(,hmo Miami. At the Salvation Awvmy Mission
(24.1 miles) the road forks, and the twrn to ihe right is
taken. At 32 miles from ihe Mission Nematambo’s kraal on
the Gachegache river is reached, at which pomnt the road
ends, .

A native footpath leads over a big range of hills, named
Magumbura and composed of gneiss with {ohatmn planes
dipping steeply north. About 1} hour's walk (say 4% miles)
brings one to the sumniit of the range, and three quarter of
an hour’s walle (say 2} miles) to the foot of the steep, scarp-
itke northern slope. On the descent the native guides pointed
out the confluence of the Sundi and Gachegache rivers,
towards which the path seemed to be heading. On reaching
the foot of the range the path was left, and a vortherly
direction kept for 15 minutes (say & mile) on leavy,
sandy soil to the Sundi river. The dry bed of the meandering
Sundi river was followed till some reedy pools were reached.
In a few, low cliff sections here were exposures of flat-bedded
sandstone and shale containing ill-assorted boulders of local
types of gneiss. These beds resemble those described by
Wagner (A Traverse through the Northern Portion of the
Mazoe Distvict, of Southern Rhodesia, into Portuguese
Territory. Trans, Geol. Soc. S.A. Vol. XV 135, 1912.)
i the Mkuwmvura basin, and ave most probahly oi Karroo age.

At the head of the pools a runnel of warm water comes
in on the left bank. Following this south for about 170 yards
the springs were reached. It is difficult to estimate the
length of this part of the journey, but it cannot be much more
than two miles. A communication from Mr. I, Hulley, dated
20th December, 1916, states that the spring is about 3 miles
ast of the confluence of the Sundi and Gachegache rivers.

The springs emerge at the foot of a steep scarp facing
north, which rises up nearly 1,000 feet, and the rock from
which they emerge is a muscovite-gnelss (probably a para-
gueiss) with the planes of foliation dipping steeply north.
The Karroo rocks mentioned above are probably faulted
against this gneiss, and the point of emergence of the spring
must be very close to the fault plane.
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Above the main Spring are two pools, the water flowing
from which is lukewarm and has a strong saline taste. The
floors of the pools are covered with white sediment looking
like milk of sulphur.

There are two eyes to the main spring, the water of
which is nearly boiling. The one is a jet about 16 inches long
issuing almost horizontally (Plate T, B}, whilst the other
about 9 feet away, issues from a hole about 11 inches long
and*2 inches high at the level of the stream. From time to
time the jet emits gurgling noises apparently due to steam
bubbles. A smell of sulphuretted hydrogen (rvotten eggs)
1s moticeable, Round the mouth of this jet was a deposit of
white calcarcous sinter (analysis below), whilst the rock 1%
unpleasantly warm.

Below these two main eyes are two more pools into
which springs also issue, as bubbles are seen to rise from
their floor at intervals. The final fow of water is about 1
foot wide and 6 inches deep, and runs down into the Sundi
river.  The channel is full of algee, which are apparently
depositing lime.

In the river bed for about half a mile are pools with an
abundant growth of reeds. The water 1s unpalatable, except
that of the final pool, but it seems quite acceptable to
elepbant and rhinoceros which frequent the spot.”’

The three analyses given below show that the Chipiso
spring water may be classed as a weak sulphate water in
which the chief metallic base op positive ion is sodium.
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Analyses by G. N. Blackshaw (19156 and 1920) and E. Golding (1929).

I.8.M. Milli-normality
Parts per million. N/1000. Solute per cent.

Agricul- Agricul- Geological Agrienl-  Agricul- Geological Agricul-  Agricul- Geological

tural tural Survey tural tural Survey tural tural Survey

Lab. No. Lab. No. XLab. No. Lab. No. Tab. No. Lab. No. Lab. No. Iab. No. Lab. No.

1280 140G, GW, 10 1280 140 3, G.W. 10 1280 140G, G.W. 10
1915 14920 1929 1915 1920 1929 1915 1920 1029 ;
Nitrate NO, nil o
Chloride 8l 64.3 655  78.1 1.81 1.85 2.9 6.52 5.10 591 %
Sulphate S0, 565.9  604.0  613.1 11.75 12.58 12,97 H7.19 47.04 46.41 =
Carbonate CO, .. 79.2 7.3 2.64 2.91 G517 6.61 t::
Potassium K .. 850 302 0.90 0.77 273 2329
Sodium Na 224 7 323.0 826.5 9.75 14.26 14.17 22.75 25.55 24.71 ::
Calcium Ca 64.2 42.1 50.0 3.21 2.11 2.50 6.51 3.27 3.78 7
Magnesium Mg 7.3 2.1 5.0 0.60 0.17 0.41 0.74 0.16 0.28 =
A 1T @ ; i
li‘;nﬁjiifnd ‘%% } 26.0 6.6 110 264 052 083 3

Silica Si0, 36.0 1214 120.0 3.65 9.46 9.08

Totals ... ... ... 986.0 1283.9 1321.2 100.040  100.00  100.00

Sulphuretted

hydrogen H,S 5.8
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Hypothetical Composition of Salines.
Parts per million.

Agricul-  Agricul- Geological
tural tural Survey

Lab. No. Lab, No. Lab. No,
1280, 140 G. G W 10.

1915 1920 1920
Potassium chloride KCi 66.7 57.6
Sodium. chloride NaCl 106.0 657 83.6
Sodium sulphate Na, S0, 564.0  893.4  906.7
Sodium carbonate Na,CO, 38.5
Calcium sulphate CaS0O, 218.0
Calcium carbonate CaCO, 87.0 125.0
Magnesium sulphate MgSO, 36.0
Magnesium carbonale MgCO, 7.3 17.3
Calcium unaccounted Ca 7.8
Alumina and iron oxide AlLQ,, IYe,0, 26.0 6.6 11.0
Silica S10, 36.0 1214 120.0
Totals ... ... ... ... ... ... 986.0 1283.9 1321.2

The sample for the 1920 analysis was sent in to the Agri-
cultural Laboratory hy Mr. F. Hulley, and was collected from
the main eye. In his report (Agric. Lab. No. 140G) Mr.
Blackshaw remarked that ““the water was colourless, clear
and contained only a small amount of suspended matter. No
odour was perceptible from it, and it gave no reaction with
lead acetate paper. It gave a faintly alkaline reaction with
Iitmus.””  The temporary hardness is given as eleven degrees,
the permanent hardness nil.

The sample for the 1929 analysis was collected from the
main jet by Mr. Lightfoot, and agrees essentially with the
1920 analysis.

The first-quoted analysis, made by Mr. Blackshaw in
1915 on a sample of water submitted by the Chief Native
Commissioner, is thought to have been taken from the main
eye. Mr. Blackshaw remarked that the water smelt strongly
of sulphuretted hydrogen, and he found that it contained 3.8
parts per million in solution.

In his report on the 1920 analysis he commented on the
difference in the samples, notably shown by the fact that the
19156 sample possessed 26 degrees of permanent hardness. As
no other sulphur spring is known in the mneighbourhood, it

is difficult to account for the differences. That the spring
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had changed in composition between 1915 and 1920 is a possi-
hility for which there is no other evidence. If it did so, the
change is not a continuous one, as is shown by the similarity
in the 1920 and 1929 analyses.

Accompanying the 19156 sample were specimens of three
deposits: (1) from the main eye consisted chiefly of sulphur;
(2) ‘“‘scrapings from rocks opposite the main spring’’ con-
sisted chiefly of calcium carbonate and organic matter, and
(3) described as ‘“‘chemical left by steam condensing on rocks
perpendicular to main exit,” was found to be composed chiefly
of sodiwm sulphate.

A sample collected by Mr. Lightfoot in 1929 of a deposit
surrounding the jet was analysed in the Gteological Survey
Laboratory and found to consist of 92.80 per cent of calcium
carbonate. The sulphur proved by analysis was seen under
the microscope in a powdered portion of the incrustation to
be free sulphur.

Analysis by . Golding (1929) of incrustation from the main
jet, Chipiso thermal spring, 2601.
Lab No. W.A. 11,

Sample dried at 150 degs. C. Per cent.
Silica and insoluble Si0, 4.34
silicates
Alumina ALO, 0.39
Iron oxide Fe,0, 0.49
Magnesium oxide  MgO 0.76
Calcium oxide Ca0 52.00 equivalent to
92.80% CaCoO,
Sodium oxide Na,0 - 0.35
Potassium oxide K,O trace
Sulphur (free) S 0.54
Chlorine Cl nil
Manganous oxide MnO 0.15
Loss on ignition H,0, CO, & 41.54
organic
matter.
Total ... ... ... ... ... ... ... 100.6B5

Carbon dioxide (determined) CO, 41.01

References. Unpublished reports by G. N. Blackshax,
Chief Agricultural Chemist, dated 29th May, 1815 and 3lst
March, 1920.

Information from B. Lightfoot, 1929.
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Duwstax senixeg, 3105.

A small lukewarm spring issues in a cold swamp in the
centre of the southern part of Dunstan farm and on the road
from Rocklands to Tilbury farm, Melsetter District.

An analysis of a sample sent in by My. J. L. Martin,
M.P., to whom the above information is dwe, shows it 1o
be a sulphate water, sodium not being greatly in cxcess of
calcium,

Analysis by K. Golding (1929).

1.8.M.
Parts per  dMilli-normality Solute
Lab, No. G.W. 9, miilion. N/1000. per cent.
Nitrate NGO, {race . .
Chloride Cl 14.2 0.400 5H.21
Sulphate N 115.2 2.358 41.51
Carbonate Co, 49.T 1.636 18.01
Potassium K 2.4 0.061 0.89
Sodium Na 49.4 2.147 18.11
Calcium Ca 31.4 1.570 11.52
Magnesium Mg 8.6 0.910 3.14

Alumina and '

iron oxide ALO,, Fe, O, 4.4 1.61

Silica 510, trace
Totals ... ... ... ... ... 2727 100.00

Hypothetical Composition of Salines.

Parts per million,

Potassium chloride KCt 4.6
Sodium chloride Na(l 19.8
Sodium sulphate Na,S0, 128.4
Calcium carbonate CaCoO, 78.4
Magnesium carbonate MgCO, 4.6
Magnesium sulphate MegS0, 33.0
Alumina and iron oxide ALO, Fe,0, 4.4
Silica 510, trace

Total ... ... .. . 272.6
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Errrmaxt spriNG.  See Sigobomo spring, 4209,
Goso spriNgs, 4201,

The position of this group is plotted on the geological
map accompanying the Southern Rhodesia Geological Swr-
vey Bulletin No. 4. 1t is situated about eight miles south-
west of Deka siding on the Bulawayo-Victoria Falls railway
line, Wankie District, and the altitude is about 2,500 feet.

The water is brackish to the taste, smells slightly of
sulphuretted hydrogen and has a somewhat milky appear-
ance. The natives do not consider the waters potable, and
claim that they act as a purgative. Animals, however,
drink the water.

Analysis by E. Golding (1928), of a sample collected
by B. Lightfoof.

1.8.0M.

Parts per  Milli-normality Sclute
Lab No. W.A. 4. miliion. N /1000, per cent.
Nitrate NO, slight trace
Chloride Cl 12856.1 36.200 43.41
Sulphate S0, 229.3 4.777 7.74
Carbonate CO, 282.7 9.423 9.5b
Potassium K 33.5 (.859 1.13
Sodium Na 978.7 42.552 33.06
Calcium Ca 91.5 4.57H 3.09
Magnesium Mg 29.6 2.446 1.00

Alumina and
iron oxide AlLO,,Fe, 0, 6.2 0.21
Silica 10, 24.0 e 0.81
Totals ... ... oo R860.6 100.00

WA Mo A

Hypothetical Composition of Salines.
Parts per million.

Potassium chloride KCl 64.0
Sodium chloride NaCl 2067.6
Sodium sulphate Na, S0, 339.1
Sodium carbonate Na,CO, 128.8
Caleium carbonate CaCO, 228.4
Magnesium carbonate MgCO, 102.5
Alumina and iron oxide  ALO, Te,G, 6.2
Silica Si0, 24.0

Total ... .. ... . 2960.6
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The water is a weak brine with small amounts of
carbonate and sulphate, sodium being the dominant kation.

The group consists of a number of springs located along
the line of the Gobo river fault which trends in a north-east
to south-west direction through the Escarpment Grits of the
Karroo system.

Reference. Tightfoot, B. The Geology of the North-
Western Part of the Wankie Coalfield. Southern Rhodesia
Geological Survey Bulletin No. 4, pp. 27 and 44, Bulawayo,

1914,
Kaprra or ZoNcana cusmHers, 3701.

Mr. F. W, T. Posselt states that the mative name is
Kabira, meaning boiling water, though Mr. I). Ferguson in
his published account uses the name Zongala, the origin of
which 1s not given. The group 1s situated about one and
three quarter miles from the south bank of the Zambexi
river, four miles below Mosanga Island, near Fulunka’s
kraal, and about twelve miles from Chief Binga’s kraal,
Sebungwe District. Ferguson gives the longitude as 27 deg.
28 min. east, the latitude as 17 deg. 31 min. south and the
altitude as 2,019 feet, the height above the Zambezi river
being 345 feetl.

The springs, eight i number, are of the gusher type.
The largest is the so-called gevser, but 1t may more properly
be called a jet. Water accompanied by steam is ejected
from an orifice 14 inches in diameter with a hissing sound.
There is some evidence suggesting that the jet is weakening.
In 1901 it was estimated to be eight fo mine feet high, whilst
in 1928 it was reported to have diminished to two feet. In
Plate I, A, the photograph for which was taken at an inter-
mediate period, the jet appears to have an intermediate
height. It has been noted by observers that when the jet
was plugged with a stick or a stone placed over the orifice,
the flow of the adjacent springs increased. The water has u
disagreeable taste.

The temperature of the various springs of the group
ranges from 52 degs. C. (120 degs. F.) to 97 degs. C. (206
degs. F.). The last mentioned figure is close to the boiling
point of water at the altitude of these springs. Ferguson
agives the rate of flow as 3,600 gallons per hour, but Posselt
places it at less than half the amount. Ii 1s possible that the
supposed diminution in height is accompanied by o lessening
of the volume.
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Analysis by D. Ferguson (1902).

Per cent.

Calcium carbonate CaCO, 0.00210
Potassium chloride KCl 0.04117
Sodium chloride Na(Cl 0.01293
Silica S10, 0.00600

Total ... ... .. .. ... 00 0.06220

The table below shows the analysis re-calculated in lons.
The composition of the water 1s shown in parts per wmillion,
and is followed by the milli-normality and by the percentage
composition of the solute.

I.8.M.

Parts per  Miili-normality Solnie
milliorn. N /1600 per cent.

Chloride Cl 274.2 7.12 44.08
Carbonate O, 12.6 0.42 2.03
Potassium K 215.9 5.53 34.70
Sodium Na 50.9 2.21 8.20
Calcium Ca 8.4 0.42 1.35
Silica S10, 60.0 . 9.64
Totals ... ... ... ... 622.0 100.00

Sulphuretted hydrogen is given off by the waters, and
around the springs are deposits of siliceons and some
¢alcareous sinter,

The springs are situated along the foot of a range of
hills formed of sandstones, grits and conglomerates of the
Karroo system, no volcanic rocks being seen anywhere near
them. The rocks are stated to be tilted up in long step-like
ridges.

References. Xerguson, D). The Geysers or Hot Springs
of the Zambesi and Kafue Valleys. Proceedings Rhodesta
Screntific Assoctation, Vol 111, pp. 11-13, 1902.

Unpublished communications from Mr. 1. W, T.
Posselt received 10th November, 1816, and from Lt. Col
Carbutt dated drd February, 1930.

Rindl, Professor M. M. The Medicinal Springs of South
Africa. South African Jowrnal of Science, Vol. X1IL, p. 538,
1917,
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Kaswirr oozr, 4409.

The ooze is located in Northern Rhodesia, about 18 malex
south-west of the confluence of the Kafue river and about 10
miles west of the left bank of the Zambezi river.

The waters contain salt. 'The temperature when recorded
was 21 degs. C. (70 degs. I'.).

The waters are believed to come to the surface through
rocks of Karroo age.

Reference. Information from Mr. C. I'. Molyneux dated
16th May, 1919, and 11th April, 1929.

Kavisun swaMp, 2003 (KARrusHU saLt PAN).

A reedy green swamp with patches of open water lies
about three hundred yards east of the Miami-Chirundu aero-
drome road three and a half miles before reaching the banks
of the Zambezi river. This spot 1s 194 muiles beyond the
road drift on the Nyamasanga river and at the south-eastern
corner of the spurs from Chirundu hill, Lomagundi District.
The 1932 survey for the Sinoia-Kafue railway route passes
just to the east of it.

It is sometimes known as the Kirushu or Karusha salt
pan, but it appears to be a permanent swamp into which a
sulphate water oozes without visible flow. Tt measures about
125 yards across from morth to south. From west to east it
is somewhat longer, and seepage from it takes place to the
east, in which direction there are said to be other ocozes or
springs. Kalishe is the name the natives give to the local
efflorescences of salt; and it suggests a Portuguese origin.
A slight efflorescence of a white, bitter salt is noticeable
on the lumps of black soil m the swamp.

Kalishe swamp is about 100 feet above the Zamben
river, that is, it lies at an altitude of about 1,350 feet above
sea level. A gravel containing well-rolled pebbles up to two
inches long appears through the soil between it and the road,
and it may represent an old terrace of the Zambezi river.
A number of the pebbles have been broken and fashioned
into implements by middle stone age man. The underlying
formation, as seen by oulcrops in the neighbourhood, con-
sists of Chirundu sandstones and grits which probably belong
to the Hsecarpment Grits (Upper Karroo).

The following figures are re-calculated from those of an
analysis made by Geo. A. Pingstone, The Bulawayo Assay
Office and Public Laboratory, Report No. 1905, 20th Decem-
ber, 1930.




KALISIEE SWAMP (KARUSIHU SALT PAN)., 24

Labelled water sample No. 35 from Karushu salt pan.

Percentage
Parts per  Milli-normality  composition
million. N /1000, of solute.
Nitrate NGO, 1.5 0.02 0.06
Chloride Cl 319.1 8.99 14.29
Sulphate S0, 1005.1 20.94 45.00
Carbonate CO, 83.9 2.80 3.76
Sodium Na G67.1 29.00 29.86
Calcium {la 75.1 3.76 3.36
Magnesium Mg trace
Alumina and
iron oxide ALO, Fe, 0O, {trace
Silica Si10, 82.0 3.67
Suspended
matter irace
Total ... ... ... 2233.8 100.00

Hypothetical Clomposition of Salines.
Parts per million,

Sodium nitrate NaNQO, 2.0
Sodium chloride Na(ll H26.1
Sodium sulphate Na,SO, 1220.4
Sodium carbonate Na, (10, 148.3
Calcium sulphate CaS0, 255.0
Magnesium sulphate MgSO, trace
Silica S0, 32.0

PTotal . ... ... . 2R33.8

Organic Analysis.
Parts per million.

Ifree ammonia 0.90
Albuminoid ammonia 0.40
Nitrogen as nitrates 0.38
{"hlorine 319.50

The water forming the above sample was reported as
slightly opalescent with a yellow tint, slight sediment, no
smell, alkaline reaction. 1t was also pointed out that the
water was organically impure. At the time of the author’s
visit the water had not recently been disturbed by animals.
It was bright and clear, and not unpleasant to the taste.

A native stated that there were several salt crusts
“fanika lo Kpsom-salt” in the neighbouring country. The
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probability is that they are really (Glauber’s salt like the
efflorescence from the Mendayatswa ooze and the one
quoted below.

Analysis by E. Golding of surface salt deposit from Kalishe

swamp.

Specimen received from J. K. 8. Jeffares, lisq., Sinola-
Kafue Railway Survey: November, 1931.

Analysis of the salt gave the following results:—

Per cent.

Nitrate NO, nil
Chloride Cl 2.84
Sulphate S0, 61.65
Carbonate CO, 0.27
Bicarbonate HCO, 1.38
Sodium Na 31.36
Potassium K nil
Calcium Ca 0.50
Magnesium Mg 0.07
Alumina and iron oxide AL O, Fe,0, trace
Silica Si0, 0.67
Moisture at 110 degrees C. H,0 1.14

Total ... ... ... ... ... o . 99.88

Probable Composition of Salines,

Sodium chloride NaCl 4.66
Sodium carbonate Na,CO, 0.48
Sodium bicarbonate NaHCO, 1.90
Sodium sulphate Na,S0, 88.97
Calcium sulphate CaS0, 1.70
Magnesium sulphate MgSO0, 0.56

It is stated that a small spring bubbles up on the
eastern flank of Chirundu hill about half way between
Kalishe swamp and the Zambezi river bank., The stream
from it forms some pools, but does not reach the road. An
efflorescence of white salt oceurs below the eye, but whether
it is also mainly sodium sulphate (Glauber’s salt) or not 1s
not known.

Karesa (or CHATENTA) THERMAL SPRINGS, 44035,

The group is located in Northerm Rhodesia about 1)
miles north from the Zambezi river, and 44 miles upstream
from the Sanyati river confluence close to a proposed route
of the Sinocia-Kafue railway. The altitude is about 1,450
feet.

s
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A number of salt oozes, from which the natives extract
salt, occur in a valley two miles across. At the head of the
valley between basalt hills are a number of hot springs
issuing over a length of fifty yards,

The temperature of the water when wrecorded was 73
degs. €. (172 degs. F.), and it 1s said to be constant. The
water 1s stated to smell of sulphur, and a siliceous deposit
is associated with the springs. The rate of flow does not
vary, and it 1s estimated that the overflow would fill a three
inch pipe.

As sediments of Karroo age are known {o occur both
north and south of this locality, the basalt referred to above
is no doubt a lava of the Upper Karroo (Stormberg age)
overlying the sediments. _

References, Information from Mr. G. R. Holgate dated
2nd October, 1916, and from Mr. C. F. Molyneux dated 16th
May, 1919,

Rindl, Professor M. M. The Medicinal Springs of South
Africa.  South African Journal of Science, Vol. XIII, p.
543, 1917,

LoupiMBr THERMAT, sSpring, 3702

The Lubimbi thermal spring is located in the Lubimbi
sull swamp which extends from the mnorth bank of the
Shangani river to the foot of some sandstone kopjes about
three miles from the river. The swamp is situated about
six miles east of Shangani drift on the Walker’s Drift road,
and 1n the south-western corner of the Sebungwe District.
The altitude is probably between 2,500 and 3,000 feet.

The rock formation in the area is a sedimentary series
of the Karroo system.

The spring is stated to be very hot. The flow is con-
siderable, being estimated at 2 to 4 cusecs by Dr. E. A.
Nobbs, who collected the sample, the analysis of which ix
quoted below.

The water smells of sulphuretted bydrogen and is
shghtly turbid. Titration of a portion of a sample (Lab.
No. 147 &) received at the Agricultural Chemical Laboratory
n a quart bottle with a cork stopper in July, 1920, with
centinormal iodine solution gave the sulphuretted hydrogen
content of the watler as 24.0 parts per million. Affer suc-
tion through a Berkefeld filter, the sulphuretted hydrogen
was removed, but the water gave an alkaline reaction with
litmus.
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Analysis by A. W, Facer (1920) of filtered water for salines.

PaIl:tSs.NIEér Milli-normality Solute
Agric. Lab, No. 147 G, million. N /1000, per cent.
Chloride Ci 330.1 9.30 25.58
Sulphate S0, 161.0 3.35 12.48
Carbonate CO, 234.0 7.80 18.14
Potassium K not detd
Sodium Na 420.7 18.29 392.61
Calcium Ca 34.0 1.70 2.64
Magnesium Mg 5.5 0.45 0.42
Alumina and
tron oxide ALO,, Fe,0, 7.0 0.54
Silica S0, 98.0 .. 7.59
Totals ... ... ... 1290.3 100.00

Total dissolved solids dried at 180 degs. C. (direct)
1420.0 parts per million.

Hypothetical Composition of Salmes.
Parts per million.

Sodium chloride NaCl h44.1
Sodium sulphate Na, 50, 238.1
Sodium carbonate Na,CO, 208.8
Caleium carbonate CaCo, . 85.0
Magnesium carbonate MgCO, 19.3
Alumina and iron oxide AL O, Fe, O, 7.0
Silica S10, 98.0

Total ... .. ... ..o 12900

The water is one of mixed type and might be classed as
an indifferent water. Sodium is again the dominant positive
101.

The following information relating to incrustations
collected by Dr. Nobbs is quoted verbatim from a report by
Mr. A. W. Facer dated 20th July, 1920.

Lab. No, 148G : Salt tncrustation from surface of soil.
The sample was a whitish grey powder. It effervesced
with acid showing the presence of a certain amount of
carbonate. The aqueous extract from the substance was
found to be slightly alkaline in reaction. It gave pronounced




EUBIMBI THERMATL SPRING. 43

reactions for chloride and sulphate, but contained no nitrate.
1t was found to contain a trace of lime and magnesia. The
flame test showed sodinm very prominent, with a {race of
potassium.

From this it is evident that the carbonate, chloride and
sulphate are almost entirely combined with sodiwm.

The water soluble constituents of the substance were
quantitatively determined as follows:

50 gms. of the sample which has been passed through
a 1 mm. sieve were shaken for two days with about 800 c.c.
of water, then filtered and made up to 1,000 c.c.

Determinations of total solid and saline constituents
were then made upon this extract, yielding results as
follow :—

Portion of substance soluble in water—13.74 per cent
(dried at 180 degs. C.).

The composition of the water-soluble portion was found
to be as follows:—

(Amount of sodium salts found Dby combining the
amounts of acid radicles defermined by analysis with the
quantities of sodium found by calculation to satisfy them.)

Percentage Composttion: Water-soluble solids, dried at 180
degs. C. (13.74 per cent of ortginal substance).

Per cent.

Loss on ignition 1.056
Sodium carbonate Na,CO, 1.84
Sodium chloride NaCl 9.02
Sodium sulphate Na,30, 81.74
Total ... ... ... e e 93064

Portion unaccounted for (Ca, Mg and K salts) 6.36

Lab. Yo, 149G Salt from eye of spring.

This consisted of whitish grey thick flakes. It effer-
vesced with acid showing the preseunce of carbonate. The
aqueous extract was found to be decidedly alkaline in re-
action. Qualitative analysis showed it to contain chloride
and sulphate but no nitrate. JExamination for metals gave
only very slight traces of caleium and magnesium, and it
was therefore presumed that the acid radicles were nearly
entirely combined with sodium; which was predominant in
the flame test (by which no potassium could be ohserved).

S

et
CADIEY




44 THE INDIVIDUAL SPRINGS,

Estimation of the water soluble solids by the same
method as for 148 G gave :—

Portion of substance soluble in water—06.29 per cent
(dried at 180 degs. C.).

The composition of the water soluble portion (deter-
mined as in the case of 148 ) was found to be as follows :—

Percentage Composition: Water-soluble solids, dried at 180
degs. C. (66.29 per cent of ortginal substance).

Per cent.

Loss on ignition 0.5
Sodium carbonate Na,CO, 2.59
Sodium chloride NaCl 41.37
Sodium sulphate Na,S0, 54.7
Total solids accounted for ... ... ... ... 99.16

MANZAYA THERMAL SPRING, 4404.

The spring is located in Northern Rhodesia, 134 miles
from the left bank of the Zambezi river, about 50 miles west-
south-west of the Sanyati confluence, and about 10 miles
downstream from the confluence of the Sengwa river.

The temperature recorded was 66 degs. C. (150 degs.
F.). No vegetation grows in the immediate vicinity of the
spring, and there is no salt deposit.

The geological formation of the area in which the spring
1s located is believed to be a sedimentary series of sand-
stones, grits and shales of Karroo age, but basalt is reported
to occur a mile away.

Reference, Information from Mr. C. F. Molyneux dated
16th May, 1919, and 11th April, 1929.

MeNpavarswa ooze, 2602.

This ooze is situated about five feet below the normal
flood terrace of the Zambezl river and on its vight bank at
the western foot of Chirundu hill, Lomagundi Distriet. Tt
is reached by a rough track (1.8 miles long) leaving the
Miami-Chirundu aerodrome road to the left (south-west)
0.6 mile before reaching the terminus of the road on the
river bank. The altitude is probably about 1,270 feet above
sea level.
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The ooze consists of a sixteen yard length of hot, black
mud under a layer of sand on the edge of a pool In a branch
of the Zambezi viver only in use when the river is in flood.
The mud is uncomfortably hot (about 50 degs. C.) five inches
“below the surface, but the water of the pool is only tepid to
~warm. There is no visible flow from it, bubbles are scarce,
but a slight smell of sulphur is noticeable at times. The
sand arvound the pool is speckled with a light efflorescence
of white salt, which consists essentially of sodiwm sulphate
{Glauber’s salt) as the analysis below shows.. A similar salt
~comes from the Kalishe swamp 2603 on the other side of

- Chirundu hill.

Analysis by J. Golding (1933) of efflorescence at the
Mendayatswa ooze collected by H. B. Maufe, 22nd
August, 1932.

Recaleulated
Lab. No. G.W. 20 to pure salts.
Per cent. Per cent. Per cent,
NO, trace KCl 0.88 1.09
Cl 1.16 NaCl 1.22 1.61
€O, 1.15 Na, S0, 73.28 90.92
80, b2.06 CalS0, 1.32 1.64
Na 24.21 CaCO, 1.92 2.38
K 0.46 MgSO0, 1.98 2.46
Ca 1.16 AlLO, Fe, 0, 1.20
Mg 0.40 S0, 18.08
ALO,, e, 0, 1.20
810, 18.08

99.88 99.88 100.00

Two Winchester quart bottles of the water were received
from Mr. L. McAdams, Native Commissioner, in 1931, Mr.
Golding reports that the water was turbid and contained
2 sandy sediment. No smell of sulphur could be detected
on arrival at the laboratory.
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Analysis by K. Golding (1931).

1)51:1?5-1\11)-01‘ Milli-normality Solute
Lab. No. G.'W, 18, million. N /1000, per cent.
Nitrate NO, nil . e
Chloride Cl1 200.2 5.64 12.65
Sulphate S0, T48.2 15.57 47.26
Carbonate CO, 42.0 1.40 2.6D
Potassium K 7.2 0.18 (.45
Sodiam Na 425.3 18.49 26.87
Jaleium Ca 72.0 3.60 4.55
Magnesium Mg 4.2 0.35 0.27
Alumina and
iron oxide ALO,,Fe, 0, 4.0 0.25
Silica Si0, 80.0 . H.0b
Totals ... ... ... 1883.1 100.00

Hypothetical Composition of Salines.

Parts per million,

Potassium chloride KClI 13.8
Sodium. chloride NaCl 319.2
Sodium sulphate Na,S0, 925.6
Calcium carbonate CaCO, 53.0
Calcium sulphate CaS0, 173.3
Magnesium carbonate MgCO, 14.2
Alumina and iron oxide AL O, Fe,0, 4.0
Silica S10, 80.0

Total ... ... o e e 1583.1

A weak chloride-sulphate water with sodium as the
dominant kation.

Chirunda hill consists of buff and red mottled sand-
stones and grits, the latter containing scattered white quartz
pebbles in places, thus resembling the Escarpment Grits of
the Karroo system. The outerops at the foot of the hill near
the Mendayatswa ooze are quartzites, evidently the sand-
stones silicified. They appear to be dipping at an angle of
30 degrees to the west, that is, towards the ooze and the
Zambezi river. This unusually high dip suggests the pre-
sence of a fault, which may he trending in a south-easterly
direction parallel to the extension of the ooze.
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: Leference. Information and specimen of water from Mr.
L: McAdams, Assistant Native Commissioner, 1930.

Observations by the author, 1932
Murasnars,  See “The Hot Springs,”” 3102,

Mwencezr (WENGESY) THERMAL $PRING, 3101,
The spring is located on crown-land north of the
Umvumvuvu viver, which was transferred in 1929 from the
Umtali Distriet to the Melsetter District., The eye is 200
yards from the left bank of the Odzi river and 70 feet above
it. It is approached by means of a track half a mile long
leaving the old Umtali-Chipinga road one mile north of the
lowest drift through the Umvamvuvu river. Munundega’s
kraal 1s close by, The altitude is 2,060 fect above sea level.

The spring issues into a pool four feet by two {feet,
through which a gas smelling slightly of sulphuretted hydro-
gen bubbles spasmodically. A very small stream runs from
the pool to the Odzi river. The temperature of the water at
the eye is 83 degrees centigrade and is just bearable by the
hand.

Analysis by A. G. Holborrow, Government Chemist (1916).

Agric. Lab. No. 1702, Parts per million.
Sodium chloride NaCl K47
Sodium bicarbonate NaHCO, 176.0
Sodium sulphate Na,S0, 47.6
Calcium carbonate CaCQ, 8.6
Magnesium carbonate MgCO, 5.0
Alumina and iron oxide ALO, Fe, 0, * 7.8
Silica S10, 03.6
Total ... ... .. o0 0 8B3.3

Potash salts and organic matter not determined.
Total solids at 105 degs. C. 364
Toss on 1gnition 58

The table below shows the analysis re-calculated in fons.
The composition of the water is shown in parts per million,
and 1s followed by the milli-normality and percentage com-
position of the solute.
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1.8.04

Parts per Milli-normality Solute
million. N /1000, per cent.
(Chloride Cl 33.2 (.93 9.40
Sulphate S0, 32.2 0.67 9.11
Bicarbonate  HCO, 127.8 2.08 36.17
(Carbonate CO, 8.8 0.29 2.49
Sodium Na 86.1 3.70 24.09
Calcium Ca a.4 0.17 0.96
Magnesium Mg 1.4 0.11 (.40

Alumina and
iron oxtde ALO, Ve, 0, 7.8 2.21
silica S10, 53.6 . 15.17
Totals ... ... ... 3895.9 100.00

The water is a weak carbonate one having sodium for
the principal metallic base or positive ion. 11 is of course
also a weak alkaline water. _

Although grey granite crops out along the line of the
main road a red, highly felspathic granite takes its place
a short distance west of the road, and crops out again on
the banks of the Odzi river immediately west of the spring.
The ved grenite is here much shattered and is traversed
by veinlets of quartz. It is probably close to the line of the
Sabi fauli or a branch of it. The Mutambara (3102) and
Rupisi thermal springs (3103) are also weak carbonate
waters, and the former is very definitely associated with the
sabi fault.

Reference. Observations by the author.

NAKGYU SPRINGS, 4408.

The group is located in Northern Rhodesia on the left
bank of the Zambezi river about 58 miles south-west of the
Sanyati confluence.

The waters contain salt. The temperature of the
hottest spring at the time the observations were made was
32 degs. (. (90 degs. F.). The springs drain into the
Zamber river.

The geological formation of the arca in which the group
oceurs is a sedimentary series of sandstones, grits and shales
of Karroo age.

Reference. Information from Mr. C. ¥, Molyneux, 16th
May, 1919, and 11th April, 1929,
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NICHENGE BRINE SPRINGS, 4204.

The group is situated about 18 miles west-south-west of
Tukosi siding on the Bulawayo-Victoria Falls railway line,
Wankie District. The altitude by anercid barometer checked
against the Bulawayo standard barometer is 3,050 feet.

The springs issue slowly 1n three groups from the flanks
of low kopjes, and most of the waters drain into a vlei,

Analyses I, Il and III by Geo. A. Pingstone (1916) of
samples collected by the author,
L.
Parts per miltion, -

Chloride, Cl as sodium chloride 16,400
Sulphate, SO, as sodium sulphate 2,170

Calciuam, Ca as carbonate trace
Magnesium, Mg as carbonate 100
18,670

Ilach analysis has been re-calculated to the standard
form adopted in this work.

LE.M.
Parts per Milli-normality Solute
million, N/100. Per cent.
Chioride (1 9,948.2 280.20 53.29
Sulphate - S0, 1,467 .4 20.57 7.86
Jarbonate 0, 71.2 2.87 0.38
Sodium Na 7,164.4 311.06 38.52
Caleium Ca trace e ol
Magnesium Mg 28.8 2.38 0.15
18,670.0 100.00

[ S ——
————

11,
Parts per million.

Chloride, Cl as sodium chloride 48,700
Sulphate, SO, as sodium sulphate 6,000

Calcium, Ca as carbonate 80
Magnesiunm, Mg as carbonate 100

54,880




Chloride Cl
Sulphate SO,
Carbonate CO,
Sodium Na
Calcium Ca
Magnesium Mg
111,

Chloride,

Sulphate,

Calcium,
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I.8.M.
Parts per

million.
29,641.4
4,057.2
119.2
21,1014
32.0
28.8

54,880.0

Milli-normality
N /1000.

832.16
84.52
3.97
917.45
1.60
2.38

Solute
per cent.
“5H3.83
7.39
(.22
38.40
0.06
0.05

100.00

-

Parts per million.

1 as sodium chloride
S0, as sodium sulphate
Ca as carbonate

Magnesium, Mg as carbonate

Chloride
Sulphate
Carbonate
Sodium
Calcium

Magnesium

Cl
SO,
CO,
Na
Ca
Mg

1L8.M.
Parts per
million,

13,951.8
3,110.5
113.9
10,537.7
76.1

trace

23,000
4,600
190

trace

27,790

L p——c—C—

Milli-normality -
N /1000,

393.01
64.80
3.79
458.16
3.81

Solute
per cent.

50.21

11.19
0.41 -

37.92
0.27

100.00

1. Sample from shaft sunk in vlei, brine standing about
10 feet below surface.

II. Sample from small excavation below the most easterly
of the south-westerly group of springs.

11T, Sample from shaft below the most westerly of the
northern group of springs.

The water is a weak brine with some sulphate, sodium

being the dominant kation.

It is, however, a noticeably

stronger brine than the water taken direct from the thermal
spring, and doubtless indicates that the solution has been

strengthened by natural evaporation.
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These springs are the only ones at which an attempt has
“heen made to extract the salt on a commercial scale. They
“were first pegged in 1907 as the Usanga claims under Pt. V
‘of the mining law by A. Wirth and F. A. Norvall. Some
‘shallow shafts were sunk and a stone-lined evaporating pan
_constructed. The analyses were made on samples taken from
these shafts. They were re-pegged in 1921 by Mr. J. Hepkex
‘as the Lukosi claims, and some more shallow shafts sunk,
but the claims went to forfeiture in the following year.

_ In 1932 the site of the springs was again pegged, this
“time by Mr. . R. Cumming as the Sinementala claims, and
experiments are being conducted both by solar evaporation
in different kinds of pans and by fire heating with the object
of producing a commercial salt,

Analysis by E. Golding (1932) of salt obfained by
evaporating a composite sample of brine.

Lab. No G.W. 6A. Per cent.
Nitrate . NO, nil
Chloride Cl 52.83
Sulphate SO, 8.24
Jarbonate CO, trace
Sodium Na 30.31
Potassium K 1.86
Calcium Ca 0.96
Magnesium Mg, 0.37
Alumina and 1wron oxide AlQ,,Te,0, 0.16
Silica 810, 0.28

Total ... ... ... ... ... ... ... ... ... .. 100.00

Composition of the Salt.

Per cent.
Potassium chloride K1 3.53
Sodium chloride NaCl 34.32
Sodium sulphate Na,S0, 6.62
Calcium sulphate Cas0, 3.26
Magnesium sulphate MgSO, 1.83
Alumina and irvon oxade AL O,,¥e,0, 0.16
Silica S10, 0.28

Total ... ... ... ... ... ... ... ... .. .. 10000
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Mr. Golding remarks: “‘It will be seen that the total
chlorides amount to 87.85 per cent of the salt oblained, the
remaining 12.15 per cent being impurities. The impurities
in the salt are represented by sulphate, oxides of iron aund
aluminium, and silica. These lmpurities are not serious and
could be eliminated in practice, if the evaporation s not
allowed to proceed too far.”’

This salt was obtained from a sample of brine from the
Sinementala claims sent in by Mr. H. R. Cumming. The
brine was analysed in the Geological Survey Laboratory and
the result quoted below confirms the figures of the previous

analyses by Mr. i, A. Pingstone.

Analysis by B. Golding (1932) of a sample sent in by
H. R. Cumming.

Palrﬁsjgér Milli-normality Solute
Lab. No. G.W. 6. million. N/1000. per cent.
Nitrate NO, nil nil nil
Chloride Cl 12,452.0 350.76 H2.61
Sulphate SO, 1,833.0 38.19 7.73
Carbonate CO, nil — —
Bicarbonate  11CO, 269.5 4.42 .14
Sodiam Na 8,7567.0 380.74 36.93
TPotassium K 88.0 2.26 0.37
Calcium Ca 177.0 8.85 0.74
Magnesium Mg 77.0 6.36 0.32
Alumina and
iron oxide ALO, Ve, (0, 24.0 — 0.10
Silica 810, 35.2 e (.16
Totals 23,712.7 1060.00

Total solids in solution are 23,736 parts per million dried
4

at 100 degs. centigrade or 0.2371b per gallon.

The sample when received had a distinet odour of sul-
shuretted hvdrogen, which was found to be present to the
1 . gen, 4
extent of 7.0 parts per million.
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Hypothetical Composition of Salines.

I8.M.

Parts per Grains pev

mutlion. gallon.

Potassium chiorde K 168.0 1176

Sodium chloride Nalll 20,397.0 1,427.79

Sodium sulphate Na,S0), 2,261.0 168.27

Magnesium sulphate  MeSO, 381.0 26.67

Calcium bicarbonate Ca(HCL),), 446.5 31.26
Alumina and iron

oxide ALO, Ke,0, 24.0 1.68

Silica 510, 30.2 2.40

Totals 23,712.7 1,609.849

Mr. H. R. Cumming states that the water of one of tins
group of springs is pleasantly warm on a cold morning. This
thermal eve is not o very strong one, but its presence 15 of
considerable interest, as it indicates that the group is not
essentlally different from other mineral springs in the district.
There is an idea thatl the brine in these springs comes from
water belonging to the ordinary underground circulation
percolating through a bed of vock salt and dissolving some of
it. There is, however, no evidence in the local Karroo rocks
<0 lead one to think that a deposit of rock salt might be
included in them. That these springs are really normal
thermal springs is also wdicated by the character of the
water from the thermal eve. A sample of this was sent m
by Mr. Cumming and analysed in the Geological Survey
TLaboratory. The figures gaoted below show that the water
is a weak brine with a little sulphate and bicarbonate, and
“that 1t does not differ in any esgsential respect from the neigh-
~bouring Gobo 4201 and Chawato 4203 springs.
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Analysis by k. Golding (1932) of water from the thermal
spring at Nichenge (Sinementala claims) sent in by
Mr. H. R. Cumming.,

]’<111L§3]}o| Milli-normality Solute

Lab, No. GW. 9. nyillion. N /1000 per cent,
Nitrate NO, nil — —
‘hloride (] 3,195.0 90.00 48.26
Sulphate SO, H520.5 10.84 7.8
(‘arbonate 0, 23.8 0.79 0.36
Bicarbonate GO, 3839.7 .39 5.8Y
?,Odi“nf‘ Nl 2,264.9 98.47 34,21
Potassium K
Calcium Ca 140.0 7.00 2.11
Magnestun My 28.7 2.37 (.43
Alumina and
iron oxide ALO,, Fe, 0, 14.4 e 0.22
Siliea =810, 44.0 — 0.66

Totals ... ... ... 6,621.0 100.00

The springs are located in an area between two important
fanlts. The lowest beds of the Karroo system, comprising
the Lower Wankie Sandstone, the Black Shales with coal
and the Fireclay, rest unconformably on a somewhat irregular
surface of the ancient granitic guneiss. The springs lssue or
appear to issue from the ancient rocks, and in no case can
penetrate far through the Xarroo rocks. This is further
evidence for regarding them as having an origin similar to
that of the other mineral springs of the district.

References. Observation by the author and mformation
from Mr. H. R. Cumming.

No. 9 Bore-moLn wATER, Wankie, 4211.
3 h

A mineral water was struck in bore-hole No. 9, Wankie
Cloalfield, situated about four miles north-west of Wankie rail-
way station. The top of the bore-hole 1s 2,295.5 feet above sea
level.

During the rainy season and for a short period afler-
wards water issues from points near the bore-hole. When-
the spring was visited during Juue (nearly the middle of the
dry season) the water stood in the bore-hole to a depth of
one foot below the surface.




NO. 9 BORE-HOLE WATER, WANKIE, 513}

Analysis by Geo. A. Pingstone (1920) made for the Wankie
Colliery Company and pubhshed by permission of the
General Manager.

Incrusting Solids,

Grains per gallon.

Caleium carbonate 57.37
Calcium sulphate nil
Calcium chloride nil
Magnesium carbonate 1.55
Magnesium sulphate 125.58
Magnesium chloride nil
Iron and alumina traces
Stlica 0.50

Total ... ... ......... 185.00

Non-incrusting Solids.

Grains per gallon.

Sodium sulphate 538.25
Sodium chloride 8.48
Sodium carbonate 0.57
Sodium nitrate 11l

Total ... ... ... ... 547.30

Pounds of inerusting solids
in one thousands gallons 26.40

Alkalinity 58.8
Carbonic acid 12.93

“The foregoing figures of analysis prove this water to
be unsuitable for irrigation purposes, but as a medicinal water
of an aperient character 1t may be of wvalue. The above
figures have been fitted up info their combination as salts as
far as ordinary analysis shows. If used for medicinal pur-
poses and it is proposed to advertise same, 1t would be worth
a more complete investigation.

(Signed) Geo. Pingstone.”

The above analysis 1s re-calculated in the table bhelow in
1ons. The composition of the water is shown as parts per
million, and 1s followed by the milli-normality and by the
percentage composition of the solute.



ISt TIE INDIVIDUAL SPRINGS,

I.8.M.

Parts per Milli-normality Solute -

million, N /1000, per cent,

Chloride ('l 75.5 2.07 (1L70
Sulphate -~ S0, 6,631.1 138.14 63.39
Jarbonate (0, 511.7 17.05 4.89
Sodium - Na 2,540.9 110.47 24.29
Calcium {'a 328.2 16.41 3.14
Magnesium Mg 308.8 30.47 3.62
Siliea SO, 7.1 0.07
Totals ... ... ... 10,461.3 100.00

ITypothetical Composition of Salines.

Parts per million.

Sodium chloride NaCl 121.1
Sodium sulphate Na, S0, 7,689.3
Sodium carbonate Na,CO, 8.1
Calcium carbonate CaCQ, 819.6
Magnesiman sulphate MgSO, 1,794.0
Magnesium carbonate MgCO, 2.1
Silica 510, 7.1

Total .. ... ... .0 .0 0 o0 10,461.3

The bore-hole was put down in the Madumabisa Shales
belonging to the middle division of the sedimentary rocks of
the Karroo system,

References. Information from the Wankie Colliery Com-
pany, Lamited, and from Mr. B. Lightfoot. See also Geo-
logical Survey Bulletin No. 15.

NUNGWE THERMAL SPRING, 4301.

This spring is situated in low-lying countyy about 200
vards from the right bank of the Chobe river aboutl four miles
upstream from the confluence with the Zambezi river at Kas-
angula. This spring is thus within the Bechuanaland Pro-
tectorate. The altitude above sea level is about 3,040 feet.

The locality is said to be subject to inundation by the
Chobe river. The water issues from two eyes and is stated to
become at times guite warn.

The underlying formation s probably the amygdaloidal
basalts of the Karroo svstem.
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Analysis by K. Golding (1931) of a specimen collected on
27th December and received from Mr. J. A. Legge.
On arrival at the laboratory the sample was found to be
slightly turbid and colourless.

L8.A.
Parts per AiHi-normality Salute
Lab, No. G.W. 17, miiton, N /1000, per cent.
Nitrate NO, nil . D
Chloride Ci i),ol 0.5 98.89 32.50
Sulphate S0, 3,368.5 718 31,18
Carbonate CO, 28.0 0.493 (.26
Potassium K trace . .
Sodium Na 3,890.7 147 .64 31,44
Caleium Ja 425.9 21.80 3,94
Magnesium Mg 28.3 2,54 (3.26
Alumina and
iron oxide ALO, e, 0, 8.0 0.07
Silica S10, 357.6 .. 0.35
Total ... ... ... ],60 10() 0

Hypothetical Composition of Salines,
N1 i
Parts per million,

Sodium chloride Na(l D,787.5
Sodium sulphate Na,S(, 3,456.1
Calcium carbonate CaCO, 70.0
(faletum sulphate CaS0O, 1,304.2
Magnesium sulphate MgSO), 140.1
Alumina and iron oxide ALO, ¥e,0, 8.0
Silica S10), 37.6
Total ... ... .0 ... . !U (S(]

It is classified as a sulphato-chloride water having sodium
as the dominant kation,

Information from Mr. J. A. Tegge, Kasane, and from
Mr. A. Giese, Lukosi.

Rorrst wor serrixg, 51083,
This well-known spring is the souvce of the Rupisi river,
and is situated about two miles north of the Musikiwanu
Native Reserve in the Melseiter District, one and a half
mlles south of the Chipungu river drift om the Sabi valley
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road, and nearly seven miles east of the Sabi river. The alti-
tude was found by corrected aneroid barometer observation
to be 1,680 feet.

It 1s a large spring having apparently about the same
flow at the main eye of ““The Hot Springs,” 3102, in the
Mutamabara Reserve. It issues at the western fool of a
low 1idge of decomposed grey gneissic granite, the eastern
scarp of the Umkondo beds commencing to rise up appar-
ently about half a mile to the east.

The Victoria Prospecting Company’s geological map
shows the hot spring situated on the ancient granife at the
eastern edge of a tract of alluvium some fourteen miles
broad, through the middle of which the Sabi river flows.
Messrs. Teale and Wilson (11) considered that a powerful
fault throws down the Umkondo beds on its western side and
that the hot spring marks the line of the fault. This view is
certainly consistent with the evidence for faulting quoted
above in connexion with the springs of similar type (3101
and 3102) situated farther north in the Odzi valley.

Bubbles of gas come up, generally in buvsts, with the
water, and give it an appearance of boiling. The tempera-
tare, however, is 62 degs. C. (144 degs. I., nearly), being
thus only slightly scalding and not hot enough for cocking.
No smell was noticed at the spring, but the cooled water has
a faint taste of sulphuretted hydrogen.

The main eye is surrounded by an ocoze of warm water
in which a temperature of 56 degs. C. was obtained at thir-
teen paces to the north. At thurty three paces on the edge
of the ooze there is a small cold spring, the water of which
was at 29 degs. C. or 9 degs. below the aur temperature at
the moment of observation.

A bathing pool has been dug out near the cattle dip
about 200 yards downstream. The temperature of the water
has herve fallen to 42.5 degs. C. (108.5 degs. I'.).

Analysis by A. G. Holborrow (1916).

Agric, Lab., No. 1699 Parts per million.
Sodium chloride Na(l 80.7
Sodium bicarbonate NaHCO, 176.0
Sodium sulphate Na,S0, 31.9
Calcium carbonate CaCO, 3.0
Magnesium carbonate MgCO, 2.5
Alumina and iron oxide AlLO,,Fe, O, 2.1
Silica S10), 87.4
388.6

Potassium and organic matter not determined.
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The analysis is re-calculated below in ions. The com-
position of the water is shown in parts per million, and 1s
followed by the milli-normality and by the percentage com-
position of the solute.

Pasts “ﬁ‘er Millinormality  Solute
milkion. N /10C0. per ceul.
Chloride Cl 48.9 1.37 12.69
Sulphate S0, 21.6 0.45 5.60
Bicarbonate  HCO, 127.8 2.09 32.88
Carbonate CO, 6.6 0.22 1.70
Sodium Na 90.3 3.92 23.25
Calcium Ca 3.2 0.16 0.83
Magnesium Mg 0.7 0.06 0.18
Alumina and
iron oxide ALQ,, Fe, 0, 2.1 0.54
Silica 810, 87.4 22.49
Totals ... ... ... ... 38846 100.00

The water 1s a weak carbonate one with sodium as the
chief metallic base or positive ion. It is, of course, a weak
alkaline water, and closely comparable with the Mutambara,
3102, and Mwengezi thermal springs, 3101, which arise near
the line of the ““Sabi fault’’ some 55 and 69 miles respectively
to the north.

Reference. Observations bv the author.

SAFABIEA THERMAL SPRING, 4213,

A group of nine springs issues fwo miles slightly south
of east of the most south-westerly beacon (No. 18) of the
Wankie Coal Concession. This beacon lies eight miles south-
south-west of Lukosi siding on the Bulawayo-Vietoria Falls
line, and over eleven miles west-south-west of Tshontanda
siding. One spring on the northern edge of this group has
water which always feels warm, and is described as bubbling
up to an inch or two. The volume is said to be no stronger
than that of the Nichenge springs.

‘Weak brine is to be found in the water-course below the
springs, especially where it is joined by the Lagombe water-
course. The latter i1s reported to rise in some minor brine
springs a few iniles to the south and situated on higher
ground.
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The spring issues from the ancient granite at some Little
distance south-west of the wmain southern-eastern boundary
fault of the Wankie coalfield, by which the Karroo rocks are
thrown down to the north-west against the Archaean granite.

Reference. Information from Mr. A. Giese, Tiukosi.

SAMPAKALUMA THERMAL $PRINGS, 5703,

The springs are located in the north-eastern corner of the
Sebungwe District on the south bank of the Zambezi river
obout four miles upstream from the confluence of the Sanyati
viver. The altitude is about 1.550 feet above sea level.

The water, where it issues from the several orifices, is
described as boiling. The overflow into a swamp forms a
deposit from which the local natives obtain. their salt.  The
rate of flow is stated to be constant.

The springs issue from numerous ¢ wter-like openings in
soft, boggy ground, forming together a pool about thirty
feet in length and about ten feet wide.

The rock formation in that area is a sevies of sedimentary
rocks belonging to the Karroo system. The Kapesa SPrings
4405, situated on the opposite bank of the Zambesi river, 1ssue
from basaltic lava.

Reference. Information from 'Lvooper W, AL Hills,
British South Africa Police, dated 30th June, 1924,

SHAIVA THERMAL SPRING, 4503.

A thermal spring issues near the road from Spungabera
to Massangena, eight miles south of the Mossurize (Um-
seleswe) river and west of the Zinhumbo hills in the Mossurize
provinee of Portuguese Kast Africa. This is apparvently the
Shaiva spring referred to by Messys. Teale and Wilson as
heing less powerful than 4502, Tt is also mentioned by C. ¥.
de Andrade, who states that the waters issue from sandstone
lipping beneath basalt sheets.

These rocks ave doubtless of Karroo age.

Authorities. 0. . Teale and R. €. Wilson (11). C. IV,
Jde Andrade (12).

SEHUMPA THERMAL SeriNgs, 4207.

The springs are situated on the east bank of the Shumba
river and about three miles from Tshabi’s old kraal on the
MUbini river, Wankie District. The road from Wallzer’s
Drift on the Zambesi river, at about cighteen miles south
from the river, passes close fo the springs.
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The group consists of four powerful springs rising within
few yards of ong another, and estimated to have a total flow
“of five to ten thousand gallons an hour. The water is warm,
and described as somewhat bitter hut potable.

The Shumba river, a few miles below the springs, passes
‘over a tract of level ground, where a white deposit of salt has
bheen formed. The local natives obtain their salt from this
source and it is a favourite “salt-lick’ for game.

The rock formation in the area is a series of sedimentary
rocks belonging to the Karroo system.

Reference.  Unpublished communication from Mr. F.
W. 1. Posselt, received 10th November, 1916,

SIBILA THERMAT, SPRING, 57058,
The spring s situated at the loot of a kopje on the north
ide of the Matobolo flats in the Sebungwe District. It was
one of the watering places on the old road from Bulawayo to
Tabu camp 1n the Sibaba Native Reserve, and it 1s estimated
to be about 22 miles south-east of the old camp Kariyangwe.
- The water is said to issue slowly in small but constant
volume through mud and to form a wet vlet about twenty
vards long. It has a slight smell of sulphuretted hydrogen.
The name indicates boiling water, but it is described as ap-
~preciably warm. Apparently 1t has no noticeable taste and
was constantly used for cooking and drminking without ill
flects, the swrrounding area being waterless, at any rate in
winter.
The Matobolo flats south of the locality are described as
mud flats scatiered over by round nodules of limestone, which
“indicates that the flats are underlain by the Madumabisa
-Shales of the Karroo system. '
Reference.  Information from Lit.-Col. Carbatt, Chief
Native Commissioner, 1933,

SInBENDA THERMAL SPRING, 4205.
The spring is located on the right (south) bank of the
rambezi river about three miles upstream from the confluence
t the Matetsi river at an altitude of about 2,000 feet above
ea level. The confluence is situated in the Wankie District
bout 26 miles east-north-ecast of Wankie township.
The spring 1s reported by natives to be very hot and to
ontain much sall,
- The Zambezi river in that locality Hows over basaltic
avas of Karroo age.
Reference.  Information from Mr. ¥, W. T. Posselt,
vtive Commissioner.
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QigopoMO Or LrErHANT sPrING, 4209,

The spring is located in a vlei near the Dett river, about
twelve miles south-east of Dett railway station on the Vie
toria Falls line. It is close to the Bulawayo-Victoria Falls
road which traverses the Dett valley, and its altitude is 2,440
feet above sea level.

The water is slightly turbid, pale yellowish in colour and
odourless.

Analysis by E. Golding (1928) of a sample collected by
B. Lightfoot.

Pa&t%;'%'er* Milli-normality Solute

Lab. No. W.A. 5. millien. N /1000, per cent.
Nitrate NO, trace e ..
“hioride Cl - 63.3 1.501 1.41
Sulphate SO, 2,644.2 53.004 67.47
Jarbonate CO, 28.2 0.973 077
Potassium K o041 £ .
o o } 241.5 10.500 6.40
(Caleium Ca 610.0 30.500 16.18
Magnesium Mg 166.7 13.776 4.42
Aluminium Al 17.0 1.888 0.4H
Tron Fe 5.0 0.179 (.13
Manganese Mn 5.9 0.214 0.16
Silica 810, 98.4 . 2.61

Totals ... ... ... ... 3,771.2 100.00

[rsmmasm——t

Hypothetical Composition of Salines.

Parts per million.

Sodinm chloride Na(Cl 87.8
Sodium sulphate Na,S0, 639.3
Calecium sulphate CaS0O, 2,045.2
Calerum carbonate CaCO, 20.0
Magnesium sulphate MgS0, 826.1
Manganese sulphate MnS0O, 16.2
Alumina AlO, 32.0
Iron oxide Fe,0, 7.2
Silica S10, 98.4

Total .. .. L BTTLR
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This is a sulphate water differing from the other sul-
phate waters in having calcium in place of sodium as the
“dominant metallic base or kation.

The spring issues in superficial deposits in a valley
eroded in the Ialahari sand. The geology is obscure, but
it is probable that the formation underlying the sand is the
Madumabisa Shale group belonging to the Karroo system.
The beds of this group contain disseminated pyrites and in-
cluded in it are beds and nodules of limestone more or less
~magnesian in character. The acid produced by waters
penetrating from the surface and oxidizing the pyrites would
act on the limestones, giving ecalcinm and magnesium sul-
phates in solution. As this is a cold spring there is no reason
for thinking that the waters come from a great depth, and
the above explanation may easily account for its mineral
contents.

Reedy pools in the Dett vlei have been seen by the
author to give off marsh gas which ignites spontaneously,
‘doubtless owing to the small admixture of phosgene gas
(PH,). The phenomenon, visible at night, is of course that
of the well-known will o’ the wisp, and is sufficient +to
account for the alleged spontaneous burning of the vlei in
“the dry season. After the burning the ground around the
.pools becomes coated with a snow-like efflorescence which
- was found to consist mainly of magnesium sulphate (Epsom-
- salt).

Reference. Observations by B. Lightfoot and the author,

S1GOBONYA THERMAL SPRING, 4210,

The spring is located near the confluence of the Gwai
river with the Zambezi, Wankie District, and the water is
-reported by the natives as hot, but good for drinking.

The rock from which the spring issues is probably basalt
- belonging to the Upper Karroo system.

_ References. Ferguson, D. The Geysers or Hot Springs
of the Zambesi and Kafue Valleys.  Proceedings Rhodesia
Serentifre Assocration, Vol TH, p. 10, 1902, Also communica-
“tion from Mr. A. H. Johnstone, Native Commissioner,

SINEMENTALA. See Nichenge brine springs, 4204,

SINESITONKO THERMAYL SPRING, 3706.

This spring issues in the Matobolo flats of the Sebungwe
Jistrict at a spot roughly half way between the Sibila spring
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3705 and Gololo hill where Nkaka’s kraal once stood. The
locality is not well defined, but is probably between three
and five miles north-north-east of Sibila vlei. The spring
derives its name from the chief who lived near 1t until the
natives were moved off the flats on account of sleeping
sickness.

The spring has a considerable volume, the water lowing.
off in a well-defined channel through black soil towards the
left bank of the Busi river. At the eye the water is dis-
tinetly hot, and there is a smell of sulphuretted hydrogen,
especially when the mud is stirred up.

The formation from which it issues is probably, like
that of the Sibila spring, the Madumabisa Shales of the
Karroo system.

Reference. Information from It.-Col. Carbutt, Chief
Native Commissioner,

Serivag, 3901,

A cold spring issues beside the old road from Qdzi to the
Umkondo copper mine half a mile north of the drift through
the Sabi river and in the Umtali District. The drift ig about
three miles upstream from the confluence with the Odzi river.
The spring water deposits a white salt said to be sodium
carbonate.

Awthority. Mr. J. 1., Martin, M.P.

Serinag, 4400.

The spring is situated near the road from Walker’s Drift
to Monze (Northern Rhodesia), about 4 miles north of the
Zarmbezi 1iver,

This small spring issues high up in hills of “crumpled
sandstone.”’

Reference. Terguson, D. The (Geysers or Hot Springs
of the Zambesi and Kafue Valleys. Proc. Riiod. Sci. Assoc.
Vol. T1I, p. 10, 1902.

Serina, 4407,

The spring is situated near the road from Walker’s Dfy
to Monze (Northern Rhodesia), at the foot of the Batokaland
plateau. It is about 27 miles north of the Zambezi viver.

The description suggests that this spring is a gusher of
low temperature. Travertine deposits are ussociated with
the overflow water.




SULPHUR SPRING, 4202, 05

The formation from which the spring issues is not known.

Reference. Ferguson, . The Geysers and Hot Springs
of the Zambesi and Kafue Valleys. Proc. Rhod. Sci. Assoc.
Vol. TII, p. 10, 1902,

Surrnunr Srrizg, 4202,

The position of this spring is plotted on the geologieal
“map accompanying Southern Rhodesia Geological Survey
Bualletin No. 4. It is located on the right bank of the Deka
river, .about twenty miles south-west of the Deka bridge on
~the Bulawayo-Victoria Falls railway line, Wankie District,
and the altitude 1s about 2,600 {eet.

The spring comes to the surface ﬁu(mﬂh the Batoka
Basalts of Karroo age.

Reference. Information from Mr. B. Tightfcot.

SurpPivrovs serrixg, 3104,

A wvery smull spring trickies out of rock on the eastern
~face of a hill called Tambatsura on sheet 18 of the 1: 250,000
map of the Colony, and situated about two miles north of
the Nyautsa river and about five miles west of Redwood
“farm, Melsetter District. North and east of it are old
: copper claims pegged at first as the Mafouni and later as the
~Chi-impi claims.

- The water is cold and smells of rotten eggs (sulphuretted
Dhydrogen), but can be used for cooking and drinking.

Authority, Mr. J. L. Martin, M.D.

SUNGA THERMAL SPRINGS, 4208.

: This group issunes in the Deka river nine miles below

he Deka railway hridee on the Bulawayo-Vietoria Ialls line,
X < © ) o

Wankie District. The position is shown on the maps accom-

panying Geological Survey Bulleting 4 and 15, and - the

altitude is 1,900 feet above sea level,

The main eye emerges right on the line of the hmportant
Jeka fault, which extends in both north-east and south-west
directions for upwards of forty miles. The Batoka Basalts
o the north-west of the fault have been let down against
he Hscarpment Grits on the south-ecast. At the point of
mergence a subsidiary fault has caused a slhight kink in the
aain fault. This spring is an Important contributor to the
Tankie water supplv. Its flow has never been known to
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tall below 25,000 gallons per hour in the dry season. The
water is warm to the hand.

The water of the main spring was analysed by Mr. Geo.
Pingstone for the Wankie Colliery Company, Limited, and
is published below by permission of the General Manager.

Analysis by Geo. Pingstone (1920).

Incrusting Solids. Non-incrusting Solids.
Grains per Grains per

gatlon. gallon.
Calcium carbonate 9.45 Sodium sulphate 6.46
Calcium sulphate nil  Sodium chloride 8.54
Calcium chloride nil  Sodium carbonate 8.562
Magnesium carbonate 4.41 Sodium nitrate traces
Magnesium sulphate nil
Magnesium chloride nil

Alumina and iron oxide 0.45

Silica 2.52
Totals ... ... ... 16.85 23.62

Pounds of incrusting
solids in one thousand

gallons 2.40
Alkalinity 22.75
Hardness 6.65
Carbonic acid 10.01

“The foregoing figures of analysis shows this to be an
alkaline spring water. It is scarcely to be classed as a
medicinal water although it contains some sodium carbonate
and sodium sulphate, the amaunts being very small.

““For boiler purposes this would not be so bad, as owing
to the presence of sodium carbonate the bulk of the lime and
magnesia salts would be thrown down as a sludge on heating
and could be blown off from time to time.

(Signed) Geo. Pingstone.”
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The table below shows the analysis re-calculated in
ions. The composition of the water is shown as parts per
million, and is followed by the milli-normality and by the
percentage compasition of the solute,

1.8.M.

Partss I\}I)er Milii-normality Solute
milljon. N/1000. per cent.
Chloride Cl 74.0 2.08 12.83
Sulphate 80, 62.4 1.30 10.83
Carbonate €O, 198.6 6.62 34.46
Sodium Na 126.7 Hh.b1 21.98
Calcium Ca 54.1 2.71 9.38
Magnesiam Mg 18.2 1.50 3.16

Alumina and .
iron. oxide AL, 1,0, 6.4 — 1.11
Silica =10, 36.0 — 6.2
Totals ... ... ... ... 5764 100.00

The water may thus be classed as a very weak carbonate
water with sodium as the principal metallic base or positive
1om. .

Mr, P. B. Mack, Industrial Chemist to the Wankie
Colliery Company, Limited, states that two minor springs
issue about 20 to 30 yards from the main spring, one having
a temperature of 38 degs. ., the other a temperature of
37 degs. C. An analysis of the former follows. In the
last column the original figures in grains per gallon have
been re-calculated in parts per million for the sake of com-
parison with other figures,

Analysis by P. B. Mack (1933).

Grains per Parts per

gallon, million,

Calcium carbonate 9.01 128.7
Magnesium carbonate 3.68 h2.6
Iron and alumina 0.11 1.6
Silica 2.81 40.1
Sodium sulphate 6.92 99.0
Sodium chloride 8.73 124.7
Sodium carbonate 3.87 126.7
Total ... ... ... .. 40.18 573.4
Alkalinity in terms of sodium carbonate 3.1

The above analysis was re-calculated into the standard
units used throughout this work as follows:—

s
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Parts per Milli-normality Solute
million, N /1000. per cent.
Chloride Cl 5.6 2.13 13.19
Sulphate SO, 67.0 1.40 11.69
Carbonate CO, 186.3 6.21 32.4%
Sodium Na 136.1 5.91 23.73
Calecium a 51.3 2.58 3.98
Magnesium Mg 15.2 1.25 2.6
Alumina and AlO,, e, O, 1.6 — 0.28

won oxide _
silica 510, 40.1 —_— 6.99
Totals ... ... ... HTI, 100.00

Small mineral veing are associated with the faulting in
the hillsides mnear the Sunga puwmp, and are composed of
comby quartz with a deposit of mammillated pstlomelaue
(manganese dioxide) in the centre of the vein.

Reference. Taghtfoot, B. The Geology of the Central
Part of the Wankie Coalfield. Southern Rhodesia (Feological
Survey Bulletin No. 15, p. 69. Salisbary, 1929.

“Tuw Hor Srrixas,” Muourampars Native Ruservi, 3102,
These springs are known as ““The Ilot Springs” and
are the only ones in the country at which an establishment
has been set up to aid In the use of the waters for health
purposes, though a bathing pool has been dug in the outflow
of the Rupisi springs, 3103. The natives call all thermal
springs in the Melsetter Distriet “rupisi,” but the name is
attached by Kuropeans o one particular spring (3103). Mr.
J. L. Martin, M.P., points out as probably more than a
comcidence that the chiefs in whose lands these “‘rupisi”
springs ave situated ave each named Chibuwe. .
These springs are situated in the Mutambara Reserve in
the Melsetter District about 850 yards east of the Odzi river,
on the very eodge of the Umtali-Chipinga road, 103 miles
south of the Umvumvuva river and 9 miles north of the
Nyanyadszi river.  The altitude was found by corrected
anerolid barometer observations to be just under 2,000 feet.
The springs issue in two groups, the southerly one being
hotter, greater in volume and the one on which bathing
pools are established at The ot Springs IHotel (Mr. I, W.
Kevnes).
In Plate II, B the whitened stones mark the edge of
the Umtali-Chipinga road. The main eye is just below the
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ammer with a subsidiary eye close fo 1t. A third eye,
hyiously of lesser volume than the other two combined,
ssues into the dark pool on the left of the photograph. The
ombined flow was estimated by means of a notch to he
bout 3,300 gallons per hour.

The temperature of the water observed morning and
evening for a few days was found to be 56 degs. C. (133
degs. ), falling once or twice to 654 degs. The tempeva-
ture of the water at the third eye was also 56 degs. C. The
water is too het to hold 1n a metal cup, buf 18 just not too
hot to drink. The water from the main eye gushes up
bout eight nches, and carries up small stones with if.
Bubbles of gas come up every now and then. The water
tastes of sulphuretted hydrogen, but not so strongly as the
Mwengezi water (3101). This faste passes away completely
when the water iy allowed to stand and cool down.

"~ The second group of springs lies 400 yards to the north
and just on the west of the road.  “B” spring, $0 yvards
from the road, issues from Dbelow an outerop of reddened
granite into a quiet pool at a point where the sand appears
“to boil. The highest temperature obtained here was 45 degs.
C. (113 degs. F.). Bubbles of gas rise up every ten or
twelve seconds through the water which feels warm and
“tastes of rotten eggs.

“C” spring, fourteen paces to the north, is a similar
csmall spring with a temperature of 44 degs. €. (111
“degs. F.).

“1IY7 spring is situated about 40 paces to the north-
west and at a lower level. Four evelets four to cight inches
apart t discharge from a horizontal crack in a dark greenish
IgNe0Us ToC L, which seems to be an altered &0101‘1’& The
temperature in the main eyelet was 36 degs. C. (90 degs, 1),
The water feels just warm and hl.s’te.s only sllohily of
sulphuretted hydrogen.

The sample from which the 1921 analysis was made was
submitted by the Assistant Director of Land Settlement to
e Chemical Liaboratory of the Department of Agriculture.
Two bottles were sent in and it was not stated from which
sye the water was taken, or whether the sample was a mixed
me taken from dlﬁorenf springs. In any case the analysis
vas made on a sample obtained by mixing equal portions of
he contents of both hottles and filtering.

The sample from which the 1929 analysis was made was
ollected by the author from the pool as near the main eye
s possible 11 two Winchester quart stoppered bottles

o



Analyses by A. W. Facer (1921) and E. Golding (1929).

1.8 M. Milli-normality Solute
Parts per miilion. N/1000 Per cent.
Agric. Lab. Geol. Burv. Agric. Lab. Greol. Surv. Agric. Lab. Geol. Burv.

No. 514 G. Lab. No. No. 514 . Lab. No. No. 514 G. Lab. No.

W.A9 W.AQ W.AD

1921 1929 1921 1029 1921 1929

Nitrate NO, nil nil
Chloride (i1 31.60 35.5 0.89 1.00 9.75 9.65
Sulphate SO, 45.6 50.7 0.95 1.56 14.07 13.78
Bicarbonate 1CO, .. 97.9 1.60 o 26.61
Carbonate CO, 64.2 0.7 2.14 0.19 19.82 1.5
Potassium K not detd 3.1 0.08 (.84
Sodium Na 82.1* 82.5 3.57 3.58 25.34 22.43
Calcium Ca 6.5 1.4 0.33 0.07 2.01 0.38
Magnesium Mg 1.0 1.5 0.08 0.12 0.31 0.41

Alumina and
ron oxide AL, Fe,O, 5.0 6.0 1.64 1.63
Silica S0, 883.0 83.6 27.16 22.72
Total solids 324.0 367.9 100.00 100.00
Total solids dried at 180
degs. C. (direct) 341.0

*(Cajeniated.
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Hypothetical Composition of Salines.
Parts per million,

. 1921, 1929,
Potassium chloride KCI 5.8
Sodium chloride NaCl 02.1 84.1
Sodium sulphate Na,S0, 67.4 75.0
" 8odium bicarbonate NalHCO, 134.8
~ Sodium carbonate Na,CO, 91.8
 Calcium carhonate CalCQ, 16.2 3.6
Magnesium carbonate  MgCO, 3.5 5.0
- Alumina and iron oxide ALO,, e, 0, 5.0 6.0
- Silica Si0, 88.0 83.6

Totals ... ... ... ... ... ... ... 324.0 367.9

To the west of both groups of springs the country down
to and across the Odzi river is underlain by the guartzites of
the Umkondo system. Whilst these quartzites usually lie
horizontally or nearly so, they are here greatly disturbed
and dip at angles varying from 26 to 45 degrees to the west.
East of the springs the country is wunderlain by granite,
which about a mile and a half east of the road rises up into
the precipitous hill called Dokotok. The base of the
Umkondo beds, which form the higher hills of the scarp still
farther east must lie at a considerably higher altitude than
“The Hot Springs.”’ It is in fact quite clear that these springs
issue very close to, if not actually on, the line of a large
fault throwing down to the west, and that it 1s the one des-
cribed by Mr. F. . Mennell (3) as the Sabi fault.

One hundred and fifty yards to the north of the northerly
group of springs a donga exposes red and grey granite with
a dolerite dyke about 80 yards broad. The dolerite is shat-
tered, altered and in places veined by quartz. It is no doubt
a continuation of the still more altered rvock from which the
“D? spring issues.

The water may be classed as a weak alkaline carbonate
water containing 134.8 parts of sodium bicarbonate per
million. Apollinaris waters contain 13562 parts of sodium
- bicarbonate per million.

There appears to be no record of the therapeutic value
of the water.

Reference. Observations by the author.
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TuerymaL srring, 2604,

Situated on the right hank of the Charara river and west
of Nyaguatonoro hill on the left bank. The locality is stated
to be upstream from the confiuence of the Mwembusa river
near a foot-path coming from the east,

Reported by My, John Banks, Mem. Sth, Afr Tust.
Civ. Kng.

Turrza, seriNG, 3704,

The spring is situated in the Sebungwe District about
three miles from the confluence of the Masumo river with
the Zambezi. The confluence is about 90 miles north-east
of Wankie township.

The rock formation of the area arouund the confluence is
a sedimentary series of sandstones, grits and shales of Karroo
age.

Trurraan seriNG, 4401,

The spring is located on {he left (Northern Rhodesia)
bank of the Zambezi river about one mile below the
confluence of the Matetsi viver. The confluence is about 25
miles east-north-east of Wankie township, and very roughly.
about 2,000 feet above sea-level,

It s stated that the temperature is high, the flow con-
siderable, and that the water contains salt.

The spring rises a few vards from the waters of the
Zambezi, issuing from the Batoka Basalt formation of
Karroo age. ‘

Lteference.  Tuformation from Mr. 10, W 1. Posseli,
N.C., dated 21st November, 1914,

TaErMa) serING, 4501,

A thermal spring issues near the south-western corner
of the Sitatonga range and perhaps three guarters of a mile
south of the Lusitu river in the north-western corner of the
Mossurize province of Portuguese Kast Africa.

Awthority.  Mr. J. 1. Martin, M.P,

TurryaL-spriNG 4502,

A thermal spring. issues at the south end of the
Sitatonga range and within a mile of the Busi river,
Mossurize province of Portuguese Fast Africa,

Authority. Mv. J. L. Martin, M.P.

Also mentioned by Messrs. Teale and Wilson (11) and
C. F. de Andrade (12),




ZOMBA THERMAL SPRING.

Usanca.  See Nichenge brine spring, 4304
Wenersi. See Mwengezi thermal spring, 3101,

ZoMBA THERMATL sprincg, 4101,

_ A thermal spring of very small volume issues in a de-
pression on the right bank of the Mtilikwe river in the
south-east corner of the Nyajena Native Reserve half a mile
“to a mile north of Zomba mountain, which bears the corner
“beacon of the rescrve. There is a slight smell of sulphuretted
hydrogen. The country is underlain by granite.

_ Information from Lt.-Col. Carbutt, Chief Native Com-
anissioner.

ZonGara.  See Kabira gusher, 3701,
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