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Abstract

Thermal springs ranging in temperature up to 64°C issue from rocks of (he Table Mountain
Group (TMG) which indicate deep (in some cases > 2 km) circulation of groundwater. The (3D and
S'HO values of the springs range from 46 to -I8%u and -7.3 to -3.9%v respectively. Although the
thermal springs have isotope compositions that plot close to the local meteoric water line, their
SD and d'"O values are significantly lower than ambient meteoric wuter. or groundwater. It is
therefore suggested that recharge of most springs is at significantly higher altitude than the
spring. The isotope ratios decrease with increasing distance from the west coast, which is in part
related to the continental effect. However, a negative correlation between spring water temperature
and &HO value in the springs closest to the west coast indicates a progressive increase in the
average altitude of recharge away from the coast.
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Figure 1
Sketch map of the Western cape showing the location of thermal springs sampled. The location of
rainfall monitoring stations at the University of Cape Town (UCT), Cape Town International Airport

(IAEA). Citrusdal. Tuibagh and Oudtshoorn are also shown. The thermal spring at Citrusdal is
known as "The Baths" but to avoid confusion it is referred to as Citrusdal in the text. The area of
outcrop of the Cape Supergroup forming the Cape Fold Belt mountains is indicated (taken from

Theronetal., 1991).
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Introduction

There are over eighty seven
thermal springs in South Af-
rica tanging in temperature
from 25-64"C. They are not
associated with recent volcanic
activity, which is unknown in
this part of Africa. The geology
and chemical composition of
the springs have been de-
scribed by Kent (1949). Hoff-
mann (1979) and Meyer (2001).
Most Western Cape thermal
springs issue from rocks of the
TMG where faulted and highly
jointed quartzites and sand-
stones of the Cape Fold Belt act
as the main deep aquifer. In
this case study, we review hy-
drogen, oxygen, tritium and "C
isotope data, and some trace
element data for TMG thermal
springs from existing publica-
tions by Mazor and Verhagen
(1983). Diamond (1997) and
Diamond and Harris (2000).
The aim is to show how isotope
data have been used to con-
strain the nature of the re-
charge and meehanism(s) of
healing of the thermal springs.
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Spring

Baden
Brandvlei
Caledon
Calitzdorp
Cilrusdal
Goudini
Montagu

Towerwater

Warmwaterberg

Witzenberg

Table 1
General information about thermal springs sampled

Temp

<°C)

37
64
50
52
43
40
43
44
45
-28

Flow

(t/s)

38
126
9
27
29
11
38
11
9
-1

Alt.
(m)

280
220
360
200
250
290
280
800
500
800

Distance = distance from the West Coast measured in 3

Modified from Diamond (1997)

Dist.

(km)

150
90
100
310
80
80
155
455
225
105

straight line

Geological environment

TMG-Bokkeveld Group contact, near regional fault

TMG-Bokkeveld Group contact, regional fault

TMG-Bokkeveld Group contact, near regional fault

TMG-Bokkeveld Group contact, near regional fault

Fault in Nardouw Subgroup of TMG

Regional fault in TMG

TMG-Bokkeveld Group contact, near regional fault

Regional fault in TMG

Near top of Nardouw Subgroup, near regional fault

Peninsula Formation

with an E-W orientation.

All groundwaler that sinks to any appreciable:
depth will become heated because of the geothermal
gradient. Mazor (1991) suggested a purely arbitrary
temperature divide between cold springs and ther-
mal springs of 6°C above average annual surface
temperature. The Western Cape valleys and coastal
plains experience annual average temperatures be-
tween 15"C and 2O"C\ so any water discharging at
or above about 26°C can be classified as a thermal
spring. In the Western Cape, there is a full grada-
tion from cold (<20"C) to the hottest spring in the
country- Brandvlei. 64"C. Data from all of the well
known thermal springs in the area were sampled
during this work (Table1 11. The majority are above
40°C, with one spring. Witzenberg (28"C) just falling
within the classification of thermal. Most of the
springs are found at relatively low altitude (<300
m). with two springs found at 700 m or above (Tower-
water and Wit/.enberg). The spring with the highest
yield (Brandvlei) is also the hottest, whereas most of
the springs with low discharge arc relatively cool.
This may in part be due to more effective cooling by
heat loss to the surrounding rock in the case of the
springs with low yield. Diamond (1997) and Diamond
and Harris (2000) suggested on the basis of the likely
geothermal gradient that the thermal water at
Brandvlei must come from an average depth of 2.35
km. This estimate is in agreement with geological
cross sections (Diamond and Harris, 2000).

Results

Chemistry

Chemical data for three TMG springs (Goudini.
Brandvlei and Calitzdorp) were presented by Mazor
and Verhagen (1983). Compared to hot springs lo-
cated in other source rocks in South Africa, these
springs have low total dissolved ions (< 200 mg/i)
with no group of ions dominating.

Carbon isotope data and tritium

Mazor and Verhagen 119H3) obtained a range of 5nC
values from -18.9 to -24.5%u for dissolved bicarbo-
nate in some Western Cape springs (Montagu.
Caledon. Brandvlei, Goudini and Citrusdal). Dia-
mond (1997) measured the 81;sC values of CO., gas
discharged with the spring water at Brandvlei and
Calilzdorp and obtained 6l lC values of -22.7 and
-21.5%o respectively- Mazor and Verhagen (19K3)
determined the ' *C content of five of the springs (Ta-
ble 2) which vary from 47 to 78 pmC (per cent mod-
ern carbon). These authors also measured the tri-
tium content of five of the springs and found thai
only Citrusdal and Goudini have tritium slightly
above 1 TU (tritium unit: 1 TU = :1H/'H of 10 18), Be-
cause of the possibility of contamination at the time
of sampling (Mazor and Verhagen. 1983). values
below 1 TU can be regarded as tritium-free.

Hydrogen and oxygen isotopes

Water 6D and o'|sO values are presented in Table 1
and arc plotted against altitude and temperature in
Fig. 2. The 6lKO vs. temperature plot shows two dis-
tinct groups of samples with negative correlation.
The springs plotting in the upper group are Goudini.
Caledon, Citrusdal and Brandvlei all of which are
found in the belt of mountains closest to the coast
(the "coastal group"). The springs which plot on the
lower group are found in the mountain belts further
inland (Fig. 1). This negative correlation is less strong
for 5D VS. temperature. There is no correlation be-
tween isotope ratios and height above sea level. For
those springs less than 200 km from the west coast
(Fig. 3), there is a good correlation between isotope
ratios and distance from the west coast.
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Figure 2
Plot of 3D and fraO values of thermal springs vs. temperature and
height of spring above sea level. Cit = Citrusdal. G - Goudini. Cale

= Caledon, Br=Brandvlei, Wi= Witzenberg, Bad = Baden, WW=
Warmwaterberg, To= Toowerwater, Call=Calitzdorp.
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Figure 3
Plot of 8D and ̂ "0 of thermal spring water vs. distance from the

west coast of southern Africa measured in an E-W direction.
Abbreviations for springs in upper diagram as for Fig. 2. In lower

diagram, height above seaievel for each spring is indicated.

Spring

Baden

Brandvlei

Caledon

Calitzdorp

Citrusdal

Goudini

Montagu

Toowerwater

Warmwaterberg

Witzenberg

Notes: TDI = total

Table 2
Isotope data for thermal springs

TDI (mg/0

100

170

91

5D

-37
-30
-31
40
-20
-26
-33
41
-46
-30

dissolved ions, TU - tritium

tritium and 14C data from Mazor and Verhager

6'8O

-6 9

-5.6

-5.5

-7.3

-4.9

-4 4

-6.4

-6.9

•7.0

-5 6

813C gas

-22.7

-21.5

5'3C
HCO3

-18.9

-21.6

•20.0

-24.5

-21.3

TU

0.5±0.3

0.8±0.3

0.3*0.3

1.1+0.3

1 1±0.3

(pmC)

70.7

47.2

70.7

78.2

49.1

units, pmC = percent modem carbon. TDI, bicarbonate 8nC,

(1983) on samples collected in 1971-2. Oxygen, hydrogen

and gas 513C data from Diamond and Harris (2000). H, O and C isotope data are reported in the familiar 6

notation, relative to SMOW. where 8 = ( R ^/RSMOW-1)'1000, and R = W O , 0/H or 13C/^C.

Discussion

Carbon isotopes and tritium

The gas and the dissolved bicarbonate 5"C values
(-18.9 to -24.5%o) clearly label the carbon as being
of organic rather than volcanic origin. The 5I3C val-
ues of the gas samples of -21.5 and -22.7%o arc
much lower than the typical SlJC values for volcanic

and geothermal Ct}, of 0 to -11%,, (Taylor, 1986).
The most likely source for the carbon is soil and
vegetation at the area of recharge (Diamond. 1997;
Diamond and Harris. 2OOO).

The low tritium content indicates that the water
in all the springs (except perhaps Citrusdal and
Goudini) contains little or no recent (post 1952} wa-
ter. The MC data are harder to interpret because the
initial I4C content at recharge is not known. Mazor
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Figure 4
Plot of SD vs. S'SO for thermal springs and ram water from various places. All rain data are
integrated monthly samples; the UCT data are for a two-year period (Diamond and Hams,

1997) and the IAEA data for most (but not all) months between 1962 and 1974 (IAEA,
1997); the Citrusdai, Oudtshoorn and Tulbagh data are for March-October 1995. The

weighted annual mean values for the UCT and IAEA collection stations are shown and the
line of best fit through the rain data is from Diamond and Harris (1997).

and Verhagen (1983) suggest, on the basis of low
5nC values, lhal the initial "C contents were high
and that no exchange with "(' carbonate material
took place. Brandvlei, Citrusdai and Goudini have
71 -78 pmC which Mazor and Verhagen interpret to
represent short turnover times. Montagu and Cale-
don have lower "C content (49 and 47 pmG respec-
tively) which led Mazor and Verhagen to suggest
turnover times of several thousand years.

Comparison with meteoric water

One of the main conclusions of both Mazor and
Verhagen (198:̂ 1 and Diamond (1997) was thai the
thermal springs have systematically lower 5D and
81HO values than expected for ambient meteoric wa-
ter. The ideal comparison would be with raitiwater
collected at the spring site over a period of several
years, but such data are not available. The Interna-
tional Atomic Energy Agency database (IAEA. 1997)
has a monthly rainfall isotope record for Cape Town
International Airport from 19H2-1974, and a five year
record (1995-2000) exists for the University of Cape

Town (Harris, unpublished data).
The rainfall data are compared to
Hie thermal spring data on Fig. 4
and it can be seen that the
springs have systematically lower
SD and S'"O values compared to
the rain, and the weighted mean
annual 5D and §lhO values for
UCT and the IAEA data. Also plot-
ted on Fig. 4 are rain data from
inland stations at Oudtshoorn,
Citrusdai and Tulbagh (Diamond
and Harris, 1997). These are not
complete annual records, never-
theless they all include the win-
ter months when rainfall is high-
est, temperature lowest.

The average spring 5D and 6l"O
values for Cilrusdal are -20 and
-4.9%o compared to the weighted
mean for rain at Citrusdai (Dia-
mond. 1997) of-11 and -4.4%o.
The average spring SD and S'*O
values for Witzenberg are -30 and
-5.5%o compared to the weighted
mean for rain (Diamond, 1997)
for Tulbagh of -20 and -5.1%o.
These data are consistent with the
Citrusdai and Witzenberg springs
being recharged by ambient rain
water. The Calit/dorp spring has
the lowest SD and 6ISO values of
all the springs analysed and these
values (SD and S'"O = -40 and
-7.3%o, respectively) are consid-
erably lower than rainfall at
Oudtshoorn 40 km east of Calitz-
dorp Spa, at the same altitude
(weighted mean SD and 5I8O =

-11.6 and -4.1%.., respectively). No data for rainfall
in the vicinity of Montagu. Baden. Warmwaterberg,
Towerwater and Rietfontein exist, but there is no
reason to suppose (hat it should be significantly
different from the analysed rainfall samples. It is
therefore concluded that some ot the thermal
springs have isotope ratios that are significanlly
lower than ambient rainfall.

Comparison with groundwater

We have chosen to compare the thermal spring data
with data (Harris el al,. 1999) from cold springs is-
suing from the lower slopes of Table Mountain (next
to UCT in Fig. 1), and water sampled from boreholes
in the area around Victoria West (altitude 1 200 m:
Fig. 1) in the SW Karoo (C. Harris, unpublished data).
These data give some idea of the range of SD and
S'"O values of unheated ground water compared to
the thermal springs. The Victoria West water sam-
ples were taken from various depths (0 250 m) from
a number of boreholes drilled by the Department of
Water Affairs and Forestry in the area. The Table
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Mountain springs plot close to the lo-
cal meteoric water line (Diamond and
Harris. 1997) whereas the Victoria West
borehole waters form an array through
which the line of best fit has the equa-
tion 5D = 6.9* 8lflO - 1.8. The negative
intercept value is uncharacteristic and
may reflect significant evaporation in
the near surface environment during
recharge. The thermal springs plot be-
tween the lines of best fit through the
Table Mountain and Victoria West data.
They have significantly lower 5D and
5lMO values than and generally have
lower 5lf*O values.

Origin of low 5D and 61SO values

The comparison of 6D and 6inO values
between the thermal springs and me-
teoric and groundwater data indicates
that the thermal springs have signifi-
cantly lower 51) and fi'"O values than
expected for ambient rain. Various
combinations of the following may be
responsible for these low 5D and 5LKO
values:

• The continental effect (e.g. Dans-
gaard, 1964)

• Selective recharge during periods
of abnormally high rainfall (as
suggested by Mazor and Verha-
gen. 1983)

• Recharge during a earlier period
of colder climate

• Recharge at altitudes significantly
higher than the springs.

-20
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A Table M c r t a r cold springs
O Vlcto'la West bcrehole water
O Vlcto'la Weal bcrehols waier
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Figure 5
Comparison of thermal spring SD and S'"O values with those of cold springs
on the lower slopes of Table Mountain (Harris et at., 1999/ and water sampled

from various levels from deep boreholes in the area around Victoria West
(Harris, unpublished data/. Watei collected from < 100 m depth and from > 100

m depth are distinguished. The local meteoric water line (MWL) for the
Western Cape is from Diamond and Harris (1997/. The line of best-fit through
the Victoria West data was calculated using the reduced major axis method.

The Global Meteoric Water Line of Craig (1961) is shown for reference.

Figure 5 suggests that the continental effect, alone,
cannot account for the low 5D and S'HO values of the
thermal springs. Selective recharge during heavy
rains is unlikely to explain the difference in isotope
composition between the cold groundwaters and the
thermal springs. The possibility that the springs were
recharged during a colder climate regime was re-
jected by Mazor and Verhagen (1983) because of
the lack of correlation between "C data (as a proxy
for time) and oxygen and hydrogen isotope ratios.

There remains the possibility that high average
altitude of recharge is the cause of the Inw isotope
ratios of the thermal springs. It is well known that
the SD and 5IMO values of rainfall decrease as alti-
tude increases (Dansgaard, 1964). Midglcy and
Scott. (1994) reported an altitude effect on 8lhO of
-O.32%o per 1OO m for the Jonkershoek Mountains,
about 70 km east of Cape Town. At Calitzdorp. the
possibility exists that the zone of recharge of the
spring could be in the Klein Swart berg mountains
to the north, which rise up to 2 000 m (Fig. 2). The
difference between the 6IHO value of the spring and
Oudtshoorn rain is 3.2%.. which could be interpreted

as the recharge zone being on average 1 OOO in higher
than the spring that is at about 1 200 m. Geological
cross-sections presented by Diamond (1997) and
Diamond and Harris (2000) show that this interpre-
tation is hydrologically reasonable.

Regional variation

The small number of thermal springs precludes a
detailed discussion on the regional variation of their
6D and 5l"O values. Nevertheless the stable isotope
data present several interesting features. The most
obvious feature is the apparent effect of conlinenta-
lity whereby the 5D and SlhO values decrease with
increasing distance from the west coast. The differ-
ence between the Table Mountain springs data and
the Victoria West groundwater data illustrate a sec-
ond effect, that is a much lower "deuterium excess"
d. where d = 8D - 8*8'*O for a given data point (Dans-
gaard. 1964: Whelan. 1987). for the inland ground-
water. Regardless of whether the low y-axis inter-
cept value for the line of best fit through the Victoria
West data is indicative of evaporation prior to rc-
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charge, the thermal springs also show a similar de-
crease in deuterium excess as their distance from
the west coast increases.

The apparent grouping of thermal springs into
coastal and inland groups (Fig. .HI which both show
a negative correlation between o'"() and waicr tem-
perature is more difficult to explain in the light of
the observations made above. Within each group,
higher temperatures of spring water can only be
explained by circulation of water to greater depths.
As discussed above, lower 6D and S'*O values can
generally be explained by recharge at higher alti-
tude, ihus the data are consistent with the higher
temperature springs being recharged at higher alti-
tude. This is to be expected as a greater depth of
circulation would he expected in aquifers with
greater hydraulic head. The correlation between 8L8O
value and distance from the west coast in the coastal
group must, therefore, reflect an increase in the
average altitude of recharge with increasing distance
from tlie coast and is not simply due to Ihe conti-
nental effect. The inland group of thermal springs
shows a negative correlation between 5'*O value and
water temperature with a similar gradient, but with
5I8O values about 2%<> lower for a given tempera-
ture. This offset is presumably due to the greater
continenlality of these springs. The lack of correla-
tion between distance from the west coast and iso-
tope ratios in those springs > 200 km from the west
coast (Fig. 3) may in part be due to the change in
geometry of the Tape Fold bell from east to west.
The coastal group of thermal springs is located in
mountain belts which trend N-S, perpendicular to
ihe movement of weather systems, whereas the in-
land group is situated in mountain belts which trend
E-W.

Conclusions

The source of water in the Western Cape thermal
springs is meteoric in origin, and the high tempera-
ture of some of the springs can only be explained by
deep circulation. Low tritium contents show that
the water is pre 1952 in age, and UC data suggest
variable turnover times of up to a few thousand
years. The thermal springs differ from ambient me-
teoric water in their significantly lower SD and 5lftO
values. Although the isotope ratios of the thermal
springs become progressively more negative with
increasing distance from the west coast (for the first
200 km), it appears that high average recharge alti-
tude is the most important factor responsible for
the low 8D and o'HO values.
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