The quality of the Florisbad spring-water in relation to the
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Abstract

The spring-water, groundwater and rainfall were examined as part of a study to determine aspects of the environmentiaivhich fa
remains at Florisbad were fossilised. A 1988 analysis of the Florisbad spring and exploration pit-water showed a 27% higher TDS
in the pit-water after a high rainfall period, despite the two being located only 22 m apart. An extended qualitative plaigr-sam
programme in 1999 confirmed a difference, but in this instance the TDS of the same exploration pit was 49% lower than that of
the spring-water after a low rainfall period. This was contrary to the norm where high recharge usually results in lowdvdS and
recharge results in high TDS. Results also showed extreme TDS variations of up to 6 times higher between individual pit-waters
54 m apart. The fluctuation in the quality of the pit-water, in relation to the stable spring-water, led to the conclub®vtbat

should be separate entities. It was further concluded that the mineralisation of the pit-water originated either diréicéyflpr i

from a source other than the spring-water. Long-term rainfall appears to have only a slight effect on the quality oft@tspring

and possibly no effect on the quality of the pit-water, while short-term rainfall appears to have little effect on thesserigggiity,

but has a decided influence on the pit-waters. Aspects relating to water quality and water monitoring at Florisbad ated@écusse

a comprehensive historic record of the spring-water quality and composition is also given. Investigations on the origin/s of th
groundwater mineralisation are continuing. The results clearly indicate that the spring-water does not currently canty sufficie
mineralisation for fossilisation.

Introduction 1987; Loock and Grobler, 1988). There is no outcropping of
bedrock formations on the farm, while calcrete horizons that have
Florisbad spring is located 49 km north-west of Bloemfontein arfaeen exposed through erosion, occur in the vlei draining from the
is located on the eastern boundary of the Western Free Stapging site.
panveld. The topography of the area is slightly undulating with No specific research has been carried out on the Florisbad
occasionally washes from infrequent runoff. The residence spring aquifer and therefore factors such as size, recharge, storage
Florisbad is located on the op of a lunette, which has been formeapacity and abstraction are unknown. Grobler and Loock (1988)
from aeolian sand deposited by the prevailing north-west wingostulated that the intake of the Florisbad aquifer was located 30
Drainage is from south to north with a vlei draining to the nortkm north of Florisbad at Basberg where permeable Beaufort
from the third swimming pool. The northern tip of the farmsandstone occurred at an elevation of 150 m above Florisbad. The
incorporates a part of an extensive salt pan, Soutpan. possibility that the intake area of the spring may lie equidistant to

The 500 mm isohyet passes slightly to the east of Florisbad withe south-east of Florisbad, in the hills north of Bloemfontein, was
an average 78 year rainfall of 496 mm. Annual rainfall is extremeBlso suggested by Grobler and Loock (1988). It was calculated that
variable with a maximum of 957 mm in 1988 and a minimum of the water intake area was located at Basberg, the water would
271 mm in 1965. The flow rates of the spring, as given in tHeave to descend to the contact zone between the Karoo and the
literature, are possibly not very reliable and vary from 18/8 m Upper Ventersdorp basement rock at approximately 500 m, in
(Grobler and Loock, 1988) to 159.3/m(Kent, 1948). It has been order to reach a temperature of 32°C to 33°C, and issue at 29°C
suggested that seismic activity has played a role in the flow rate(@robler and Loock, 1988). There, however, appears to be some
the spring over time, as well as in the migration of spring eyesncertainty as to the travel time that recharge water could take to
During the September 1912 earthquake at Fauresmith, a new sptiragyel from the intake area, through the aquifer, to the spring eyes.
eye appeared at Florisbad. Water flow was said to have increasgmbler and Loock (1988) calculated anything from 160 to 16 000
and gas, sand, artefacts and fossils were expelled from the new pgars, with a probable 1 600, years for the water to travel this
(Anon, 1980). distance.

Loock and Grobler (1988) stated that the basement rocks of the With the exception of intermittent spring-water sampling (Rindl,
area were of the Ventersdorp Supergroup overlying older granit815; Fourie, 1970; Mazor and Verhagen, 1983; Douglas, 1992),
and gneiss. This basement is in turn overlain by a Permian Agestudy by Grobler and Loock (1988) on the characteristics and
Karoo sequence of the Ecca Group into which dolerite dykes agdnesis of the spring, and some hdydrological data supplied by
sills have intruded (Brink, 1987; Loock and Grobler, 1988). Itis d&ourie (1970), the hydrological environment at Florisbad has been
such a dolerite intrusion that the Florisbad spring has formed. Tlagely ignored. This is perhaps somewhat surprising considering
surface geology is composed of an unconsolidated mantle of réde amount, and diversity, of palaeontological, archaeological,
yellow and pale bleached aeolian sand of varying depth (Bringeological, and other research, that has been centred on the spring
and its associated fossil remains (Brink, 1987; Douglas, 1992). The
association between the spring-water and fossil remains probably
originated from reports of fossil finds when the swimming pools
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Figure 1
Map of the Florisbad mound showing the water sampling sites

were enlarged in 1912 as well as from fossils expelled during tipeeliminary qualitative investigation were to confirm, or refute, the
earthquake of the same year. difference between the Douglas (1992) spring and pit-water TDS;

In June 1988, various water bodies at Florisbad Researtshobtain more information on the quality of the pit-waters and to
Station were sampled as part of an ecological investigation into tagamine a number of factors which may have had an influence on
herpetofauna of Florisbad farm (Douglas, 1992). In this stud$he pit-water values. Yet another important aspect was to provide
water quality was examined in terms of saline tolerance, habitatbackground for further investigations into the mineralisation of
utilisation, and breeding by amphibians (Douglas, 1992). A rahe pit-waters. As sampling took place over both wet and dry
examination of these results showed that the water from one of fheriods some aspects of the possible effect of rainfall could also be
exploration pits, located only 22 m from the spring eyes in thexamined. Because only sporadic interest has been shown in the
indoor pool, had a 27% higher total dissolved solids (TDS). It wagpring-water quality over the years it was considered important to
thought that the TDS of the pit-water could well have been ina@dd the results of Douglas (1992) (unpublished), and this study, to
diluted state due to a high recharge from one of the highest rainftile published historic record of spring-water quality, as well as to
periods recorded. Similarly, during drier periods, the TDS could mllate some of the existing hydrological information.
increased further by evaporation.

Brouwer (1967) noted that many detailed palaeontologic@®ampling and water quality results
descriptions make no mention at all of the conditions under which
the fossilisation has taken place. The purpose of this study wadoAugust 1999 samples of the spring-water (E99) as well as the
establish a basis for an ongoing study to determine aspects of wheger in the four exploration pits (P199, P299, P399, P499) were
environment in which faunal remains at Florisbad were fossiliseghalysed. The locations of the sample sites are given in Fig. 1,
and the relationship and effects of that environment on fossilisationhere “E” represents the spring eyes in the indoor bathhouse and
It was felt that further investigations were warranted in order t&°” represents the exploration pits. The year in which the two sets
investigate statements by Brink (1987; 1988) that the slightlgf samples were taken is represented by either “88” or “99”. All
alkaline nature of the spring-water was the reason for the goaditer samples, including E88 and P188, were analysed by the
faunal preservation; that the chemical nature of the spring-watestitute for Groundwater Studies, University of the Orange Free
had caused remains to be preserved in a characteristic way; and 8tate, Bloemfontein. In Tables 2 and 3, only factors and ions
faunal remains of the Old Collection had became fossilised tommon to both the 1988 and 1999 analyses have been used in the
contact with the spring water. Some of the other objectives of thismpilations.
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Rainfall figures for the

period January 1922 to TABLE 1

September 1999 were Results of the 1999 Florisbad spring and groundwater analyses

recorded at either the Floris-

bad Weather Station or E99 P199 P299 P399 P499

Florisbad Research Station.

Missing data was taken from| PH 8.91 7.88 7.65 7.66 8.14

Glen Agricultural College | P-AK 7.00 0.00 0.00 0.00 0.00
m-Alk 12.00 171.00 138.00 116.00 92.00

Weather Station records, 32

km east of Florishad. To| ECmsm) 388.00 220.00 325.00 750.00 1.419.00
. TISUAL. Salinity*(%) 6.36 3.04 471 12.13 24.48
illustrate the variation in the NaCI*(%) 755 361 5.59 14.39 29.04
occurrence of ions between|  seintillation (CPS) 10-14 9-12 14-17 12-14 15-18

the spring- and pit-water, the
relative ion increases and| ANIONS (mgl)

decreases between the eye Chloride 1 442.000 685.000 1104.000 2 824.000 5 648.000
were plotted (Fig. 2). The Bljomlde 19.306 8.462 15.855 36.014 71.964
Nitrate 0.733 1.186 0.901 2.335 4.807

possible influence of long-

_ , Phosphate 1.929 0.100 0.010 0.010 0.010
term rainfall on the ion | g, ppate 1.500 2.600 6.600 2.700 81.600
concentrations of the spring-|  Fiyoride 5.500 9.950 6.030 5.260 10.410
and pit-waterswere examined  Silica 6.570 7.790 8.240 10.700 0.000

from annual rainfall figures
plotted for the ten-year period| CATIONS (mgl)

prior to the 1999 and 1988| Ca. 100.000 82.000 136.000 257.000 400.000
sampling periods (Fig. 3). hN/Ie? 7804.40%% 35690180 5?211380 1425(1)%0 299é840000
Average three-monthly rain-| 10.100 8.620 12.900 28.200 42.540
fall was also_ plotted for the Al 0.054 0.139 0.076 0.038 0.041
24 months priorto eachofthe| e 0.014 0.106 0.152 0.058 0.033
aforementioned sampling| Mn 0.003 0.021 0.788 0.464 0.016
periods in order to determine| Cr <0.010 <0.010 <0.010 <0.010 <0.010
the possible effects of short- Zn 0.016 0.026 0.030 0.040 0.034
rainfall for the year prior to (B:d ?ggg <f'$??§ ?ggg <gfff fg'fgg
the 1999 and 1988 sampling 2.790 1.890 2.950 6.380 11.200
periods was then plotted| <0.003 <0.003 <0.003 <0.003 <0.003
against the total anion and| ag <0.015 <0.015 <0.015 <0.015 <0.015
cation concentrations forboth| | a <0.050 <0.050 <0.050 <0.050 <0.050
the spring- and pit-water (Fig.| Be <0.010 <0.010 <0.010 <0.010 <0.010
5).The 1999 spring-water Se <0.020 <0.020 <0.020 <0.020 <0.020
depth of 2.2 minside one of| T wos | <0006 0016 0018 0,020
the eye vent pipes in the| 0.002 0.009 0.004 0.003 0.012
indoor pool. Temperatures| <0.025 0.026 0.030 0.043 0.058
were also taken at various| aq <0.010 <0.010 <0.010 <0.010 <0.010
depths and locations in the

indoor pool itself and it was Total ions 2 383.867 1 204.209 1 862.351 4613.933 9223.28P

found that the temperature in
the indoor pool was 0.9°C to| *and ** see end of Table 4
1.2°C lower than in the vent
pipes. However, this range
may not be as great in mid-summer when the ambient air temperatafeundwater TDS between P299, P399 and P499 was almost lineal

is higher. in awestto eastdirection. Factors possibly influencing these values
are discussed further on. These variations in groundwater, in
Results relation to the relatively stable spring-water, would strongly suggest

that the pit-waters are not directly related to the spring-water and
The 1999 spring (E99) and pit-water results (P199, P299, P3gbat the spring- and pit-water could be seen as separate entities.
P499) are presented in Table 1 and shows the differences in quality The most notable ion increase between P199 and P499 was
between the spring and the pit-water, as well as the differencetiift of SQ, which showed a 30-fold increase. Other noteworthy
water quality between the various pits. The TDS of P199 was 49%¢reases were Br 750%, Cl 725%, salinity 705%, Na 668%, EC
lower than E99 while the TDS of P299 was 22% lower than E9945%, Sr 494%, B 485%, Ba 420%, Li 412%, and Ca 387%.
However, TDS increased by 94% for P399, and 287% for P499, as Table 2 gives the comparative results between the spring-water
compared to E99. There was also a TDS increase between P199899 and E88, and the pit-water P199 and P188. In order to
P299 of 55%, between P199 and P399 of 283%, and between P2ggentuate any quality changes, the percentage increase, or decrease,
and P499 of 666%. Of interest was that the increase in tR&ions and other factors is also given. From the TDS it was clear
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e
Variations in V\_/ater quality between the Florisbad spring-water (E99 and E88) and the exception of the.slight
pit 1 groundwater (P199 and P188) over a ten-year period jump in ions with increased
concentrations between
E99 B85 | b P199 Pi88 | ke E99-P199 and P199-P299,
other increases remained
pH 8.91 9.34 5 7.88 7.01 +12 constant in a west to east
p-Alk 7.00 11.25 -38 0.00 - - direction. Although there
m-Alk 12.00 23.72 -49 171.00 119.46 +43 was a50% decrease in TDS
EC 388.00 398.00 -3 220.00 493.00 -55 | petween E99 and P199,
Salinity*(%) 6.36 5.96 +7 3.04 7.34 -59 41% of P199ions had higher
NaCl**(%) 7.55 7.07 +7 3.61 8.73 -59 concentrations than E99. In
ANIONS (mal) most instances these_ in-
Chloride 1 442.000 1361.32 +6 685.000 1670.8 59| Creases were not confined
Nitrite 0.010 0.00 +1000 0.010 0.00 +1000 | to specific ions and the in-
Bromide 19.306 4.34 +345 8.462 5.05 +68 | creasesvaried betweenions
Nitrate 0.733 0.24 +205 1.186 0.44 +170 and samples. This indicates
Phosphate 1.929 0.00 +192993 0.1d0 0.51 -80) that TDS does not always
Sulphate 1.500 1.55 -3 2.600 24.41 -89 give a true picture of water
quality, particularly when
CATIONS (mgl) . :
Ca. 100.000 98.360 +2 82.004 168.57( 51| Minor salts are involved.
Mg 0.440 0.502 12 3.910 5.736 -32 Average rainfall over the
Na 784.000 725.060 +8|  380.00( 903.33( _5g| 78-yearperiodwas 496 mm,
K 10.100 9.110 +11 8.620 12.460 -31 | With a maximum annual
Al 0.054 0.150 -64 0.139 0.150 -7 rainfall of 957 mm in 1988
Fe 0.014 0.215 -93 0.106 3.999 -97 and a minimum of 271 mm
Mn 0.003 0.012 -75 0.021 1.141 -98 in 1965. Even over this short
Cr 0.010 0.124 -92 0.010 0.114 -91 t|me span’ extremes in wet
z s | ol omg owm | andaypeiodsareapparn
cd 0.006 0.061 -90 0.006 0.050 gg | @atFlorisbad. Annualrainfall
B 2588 1.620 +60 1.735 1.807 4 forthe ten-year period prior
to the 1999 and 1988
Total ions 2362.713 | 2202.904 +7 1173939  2798.820 -5 sampling is presented in
Fig. 3. Despite a high of 957
* and ** see end of Table 4 mm being recorded within

the 1988 ten-year period,
the pre ten-year average was
that the spring-water remained relatively stable between 1988 af#® mm, while the pre-1999 ten-year average was 515 mm, or 12%
1999, with only a 7% increase in ions. Table 2 also confirmed tiiggher. This higher rainfall corresponded to a 7% increase in ions
variability of the pit-water quality, not only over a period of time between E88 and E99. Although this might be indicative of a
but also at the same site, with P1 showing a 58% decrease in ipassible longer-term rainfall effect on the spring-water, it may not
between 1988 and 1999. Notable from both Tables 1 and 2 was thacessarily reflect periods of high rainfall within the ten-year
while the calcium level in the spring-water remained constant periods examined. It may on the other hand reflect influences over
about 100 md/ there was a considerable fluctuation of calcium ireven longer or shorter periods, depending on factors such as the size
the pit-water, with P188 being 106% higher than P199. Althougnd recharge area of the aquifer, which are not known. Contrary to
some ions showed considerable increases and decreases, th#séncrease, the ion levels between P188 and P199 decreased by
were often from a very low base. 58% over the same period, possibly indicating that longer term
The comparative results between the spring-water E99 and ttaénfall had no effect on ion concentrations in the pit-waters.
pit-water P199, and between the spring-water E88 and the pit-water Rainfall for the 24 months preceding the 1999 and 1988
P188, are presented in Table 3. Of particular interest is that not osgmpling was plotted as three-month averages (Fig. 4) and the
does Table 3 show the differences between the spring and pit-waksults found to be contrary to those obtained over the ten-year
quality, but also the fluctuation of pit-water ions either side of thperiods. The 1988 24-month average rainfall was 35% higher than
relatively stable spring-water. Contrary to the 27% higher TDS dfie 1999 period, while the 1988 12-, 9-, 6-, and 3-month averages
P188 over E88, the TDS of P199 was 49% lower than E9@ere 73%, 93%, 433% and 2 150% higher, respectively, than for
Sulphate, magnesium, iron and manganese values were dR@corresponding 1999 periods. In order to illustrate the effect, and
considerably higher in P188 relative to both E88 and P199. Thiglationship, between rainfall and ion concentrations, the 1988 and
supported the theory that if the pit-water was directly related to td®99 annual rainfall figures were plotted against total ions for E88
spring-water, then there should have been a greater parity betwaad P188, and E99 and E199 (Fig. 5). Figure 5 shows that the 42%
the two. decrease in annual rainfall between 1988 and 1999 had very little
Figure 2 gives the relative number of ions with increased aridfluence on the TDS of the spring-water, with only a slight
decreased concentrations between E99 and P199, P199 and Pe@gyerse 7% increase in ions between E88 and E99 (see also Table
P299 and P399 and P399 and P499. In conjunction with Table 12Jt Results also showed that the 73% increase in rainfall between
will be noted that between 41% and 53% of ions increased thd®99 and 1988 corresponded to a 138% ion increase in P1.
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Conversely, the 42% de-
creasein r)z;infall between . ) ) TABI.‘E 3 . .
Variations in water quality between the 1999 Florisbad spring-water (E99) and pit 1 ground-
1988 and 1999 corres- water (P199), and between the 1998 spring-water (E88) and pit 1 groundwater (P188)
ponded to a 58% decrease ’ pring pitLg
in ions in P1. This would E99 P199 % Inc/ E88 P188 % Inc/
tend to |nd|cz_ate that the Dec Dec
short-term rainfall has a
far greater influence on| oy 8.91 7.88 -12 9.34 7.01 -33
the pit-water ions than | p-alk 7.00 0.00 -100 11.25 - ;
long-term rainfall. m-Alk 12.00 171.00 +1325 23.72 119.46 +404
The intermittent Flo- EC 388.00 220.00 -43 398.00 493.00 +24
risbad spring_water ana- Salinity*(%) 6.36 3.04 -52 -5.96 7.34 +23
lyses (Rindl, 1915; Fourie, NaCl**(%) 7.55 3.61 -52 7.07 8.73 +23
ﬁ970; Mflgzg?r)_agd Vler- ANIONS (mgh)
agen, » DOUgIas, | cpioride 1 442.000 685.000 52 1361.32 1670.81 +23
1992) over the past 84/ \itite (NO)) 0.010 0.010 0 0.00 0.00 0
years are presented in Bromide 19.306 8.462 -56 4.34 5.05 +16
Table 4 and provide a| Nitrate 0.733 1.186 +62 0.24 0.44 +83
modern historic account| Phosphate 1.929 0.100 -95 0.00 0.51 +5100
of the spring-water com- Sulphate 1.500 2.600 +73 1.55 24.41 +1475
position and quality. CATIONS (mal)
. _ mg
#\nderﬁ 'gdl (121?3]" th? Ca. 100.000 82.000 -18 98.360 168.570 +71
ane, hydrogen a 0l Mg 0.440 3.910 +789 0.502 5.736 +1043
gen results have been 5 784.000 |  380.000 52| 725.060|  903.330 125
incorporated from Rindl | 10.100 8.620 -15 9.110 12.460 +37
(1916). As previous re- | Al 0.054 0.139 +157 0.150 0.150 0
searchers have examined Fe 0.014 0.106 +675 0.215 3.999 +1760
different aspects of the| Mn 0.003 0.021 +600 0.012 1.141 +9408
spring_water, the com- Cr 0.010 0.010 0 0.124 0.114 -8
pilation in Table 4 givesa | oo | oo | +c0| ooss| oo | w0
u . . . .
gart F’lr%ad?rt and fmtc;]re cd 0.006 0.006 0 0.061 0.050 .18
sSriilgewaE:r:clgripgsitioi B 2.588 1.735 -33 1.620 1.807 +12
and quality than would be | Total ions 2362713| 1173.939 50| 2202.904 2 798.820 +27
obtained from the specific
studies. The mineral ana-| * and ** see end of Table 4

lysis of the sand by Fourie
(1970) has been included
because some minerals not included in the various water analybased on unpublished data with no mention of who took the
in the sands, and conversely, some minerals in the water analysgsasurements or how the measurements were taken, the flow rate
were found in the sands. This then also provides a more compirgereased from 4.5 th to 18.8 r¥/h after the 1912 eruption of the
hensive record of the mineralisation of the spring site. new spring eye. Kent (1948) gives the highest flow rate of 159.3m

In relation to the fossilisation of faunal remains it is apparent &t but again with no details.
this stage of the investigation that there is insufficient mineralisation As the monitoring of spring flow and groundwater levels are
in the spring-water, particularly Ca, CagCéand Si (Table 4), for important for estimating recharge, if the recharge area were known,
fossilisation. However, on the other hand it would appear that titiee most practical site for monitoring both these factors at Florisbad
groundwater may well carry sufficient Ca¢for this process. This would be the overflow, or discharge, from the third swimming
aspect, and the possibility of the spring-water having a historicalfyool. The three pools at Florisbad are interconnected with the
low mineral content, is being investigated further. accumulated water discharging from the top of the third pool into
the vlei to the north. Douglas (1992) noted that there were minor
differences inion concentrations between the indoor pool and pool
3, with a 1.5% TDS increase between the two. The water in pool 3
Flow rates of the spring given in the literature appear to hiberefore represents the average accumulation of spring-water
inconsistent, irregular and the reliability of the data uncertain. Thisom approximately 21 eyes of various sizes, and it may be more
is due to one or more of the following factors: not being able toorrect to use the water from this pool for analysis and flow rates,
ascertain when or where the measurement was taken; the samptatber than water from the indoor pool. While Bredenkamp (2000)
method not being mentioned; and the use of different samplisgated that spring flow corresponded surprisingly well to average
methods. Although the flow rate of 112.5/mgiven by Rindl rainfall over several years prior to a specific month, the term several
(1915) was not actually taken by him, and no mention was maglears would be relative and dependant on factors relating to intake
from where he obtained this figure, he thought this figure to bminfall, size of the aquifer, abstraction and flow rate, none of which
exaggerated. The 49.4fmto 55.9 r¥/h flow rate given by Fourie are known for Florisbad. Because there have been no studies, or
(1970) was determined from whatis presumed to be two of the thn@@nitoring of the hydrological environment at Florisbad, the
pools, although itis indicated on his map that the sampling site wasjority of parameters given by Bredenkamp (2000) for effective
at the outlet of the third pool. Grobler and Loock (1988) state thafroundwater monitoring such as, hydrological modelling, ground-

Discussion
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Average three-monthly rainfall for Florisbad for the 24 months
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water recharge and groundwater management, do not exist. This
leaves considerable scope for further research.

Numerous interpretations have been put forward relating to the
stratigraphy, sedimentology and formation of the Florisbad mound
(Fourie, 1970; Rubidge and Brink, 1985). These interpretations
have ranged from the sands having largely originated from the
spring (Dreyer, 1938; Brink, 1987; Butzer, 1988), to deposition as
a result of sedimentation in a flood plain environment (Butzer,
1984; Visser and Joubert, 1991; Joubert and Visser, 1991), to
deposition as a result of largely aeolian processes (Grobler and
Loock, 1988; Kuman et al., 1999). In the final analysis it will be
found that all these factors will have contributed in some way or
anotherto the formation of the mound. From the above interpretations
it is clear that there are very few extensive homogeneous strata,
while there are many smaller lens-type layers (Butzer, 1984; 1988;
Rubidge and Brink, 1985; Brink, 1987). This interrupted
stratification would greatly assist in the percolation of recharge
water.

The chemical data of groundwater samples reflect the
hydrological interactions that occur from the time of recharge to the
time of sampling (Bredenkamp, 2000). Groundwater chemistry is
also determined firstly by rainfall and secondly by geochemical
interactions that occur firstly in the unsaturated zone as the water
filtrates down to groundwater level, and secondly, in the saturated
aquifer matrix, and thirdly, when pollutants enter the aquifer
(Bredenkamp, 2000). In relation to the Florisbad groundwater,
recharge rainfall would gather some salts from the largely aeolian
sand layers, which are partly derived from the deflation of Soutpan
to the north-west, as well as salts deposited by capillarity at or near
the surface. Itis not, however, thought that the contribution of these
salts could account for the high TDS of the groundwater.

The contribution of minerals from the Ecca shale and dolerite,
onwhich the Florisbad mound and groundwater lies, should also be
considered. Dolerite, being largely silicate based, is composed
largely of plagioclase, feldspar and a ferromagnesian silicate
mineral such as biotite, hornblende, pyroxine or chrysolite (Ford,
1966). Some small mineral contribution may have been made by
the dolerite in the form of K, Fe, Mn, Mg and Ca, but this would
probably be at low levels. Kent (1949) felt that the high NaCl of the
spring-water was more related to the water having percolating
down through the underlying Dwyka series, rather than the overlying
Ecca series. Any such contribution would have taken place in an
environment where the spring-water had been heated to between
32°C and 35°C, as well as possibly having been in contact with the
Ecca/Dwyka series for hundreds of years. Over this time span, and
under these conditions, the spring-water has still not managed to
attain concentration levels near to those of many of the groundwater
samples. As the groundwater environment at Florisbad is far
cooler, and is also regularly recharged by rainfall, it is felt that
diagenesis of the underlying Ecca shale possibly contributes very
little to the groundwater concentrations. Should Kent (1949) be
correct about the NaCl contribution arising in the Dwyka series,
then the mineral contribution to the groundwater by the underlying
Ecca shale could be minimal, suggesting some other source.

The determination of recharge using the Cl ratio method has
been described by Bredenkamp (2000). Bredenkamp (2000)
specified that this method was dependant on the Cl concentrations
of rainfall that were sampled in the area being accurately determined,
and that no Cl had been added to the water by dissolution of aquifer
material, and that no pollution has occurred. The application of this
method may be problematic in the Florisbad context, whether it is
being applied to the spring-water or the groundwater. At Florisbad
there are no Cl values available for rainfall, and because of the high
spring Cl values derived from the aquifer material, and the even
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TABLE 4
The composition and variation of the Florisbad spring-water over an 84 year period, including
minerals identified in the sands
RD-1999 RD-1988 M&V- GP-1970 MR-1915 GP-1970
1983 Water Sand
pH 8.91 9.43 - 8.30 - -
P-Alk 7.00 11.25 - - - -
M-Alk 12.00 23.72 - - 18.69 -
Alkalinity - - 41.00 - - -
EC (mS/m) 388.00 398.00 - - - -
Salinity (%)* 6.36 5.96 6.14 6.00 5.80
NaCl (%)** 7.55 7.07 7.29 7.12 6.90
Hardness — temp. (CaGO - - - 177 - -
Hardness — perm. (CaGO - - - 40 - -
Absorption O2 (4 h at 27°C) - - - 0.08 -
Temperature (°C) 29.00 - 29.00 28.88 29.05
Density - - - - 1.0015 -
Scintillation (CPS) 10-14 - - - - -
ANIONS (mgl)
Chloride 1442.000 1361.32 1 350.0(¢ 1321.00 1 304.578
Nitrite 0.010 0.00 - 0.00 -
Bromide 19.306 4.34 - - - -
Nitrate 0.733 0.24 - 0.00 0.380
Phosphate 1.929 0.00 - 0.00 Trace
Sulphate 1.500 1.55 65.00 16.00 2.282]
Fluoride 5.500 - - 6.00 -
lodine - - 41.00 0.25 Trace
Carbon - - - 0.00 - ®
Bicarbonate - - - 49.00 18.690 )
Silica 6.570 - - - 21.858 ®
CATIONS (mgl)
Ca 100.000 98.360 93.00 87.00 93.424 ®
Mg 0.440 0.502 7.00 0.00 0.794 ®
Na 784.000 725.060 800.00 778.00 744.047 ®
K 10.100 9.110 8.00 8.00 - ®
Al 0.054 <0.150 - 7.00 0.854 ®
Fe 0.014 0.215 - 2.00 0.334 ®
Mn 0.003 0.012 - 0.00 - ®
Cr <0.010 0.124 - - - -
Zn 0.016 0.181 - - - ®
Cu 0.004 0.057 - 0.00 -
Cd 0.006 0.061 - - - S
B 2.588 1.620 - - - -
Ba 0.126 - - - 0.737 ®
Li 0.347 - - - 0.693 o
Co <0.003 - - - - )
As <0.015 - - - - ©
La <0.050 - - - - -
Be <0.010 - - - - ©
Se <0.020 - - - - -
Sr 2.790 - - - - ®
Ni <0.006 - - - - S
Mo 0.002 - - - - S
\% <0.025 - - - - ®
Ag <0.010 - - - - -
Sb - - - - - S
Bi - - - - - S
Ge - - - - - S
Pb - - - - - ®
Sn - - - - - S
Ti - - - - ®

higher Cl values of the groundwater, these would effectively maslolomitic aquifers where the Cl values are low and any increases
any changes in Cl brought about by rainfall. As was pointed out loy decreases in Cl would be easily detectable.
Bredenkamp (2000), this method is particularly applicable to In considering problems experienced with the copious amount
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TABLE 4 (continued)
RD-1999 RD-1988 M&V- GP-1970 MR-1915 GP-1970
1983 Water Sand
GASES % (F = md)
Oxygen - - - 3.6 F0.615 -
Carbon dioxide - - - - F3.241 -
Sufurated hydrogen - - - - F0.275 -
Hydrogen - - 0.0 10.000 -
Nitrogen - - - 27.4 18.500 -
Methane - - 6.9 71.500 -
STABLE AND
RADIOACTIVE ISOTOPES
Hydrogen dD (%o) - - -36.50 - - -
Oxygen dB®O (%) - - -6.82 - - -
Tritium (TU) - - 0.30 - - -
#C (pmC) - - 0.00 - - -
1C (%0) - - 0.00 - - -
OTHER
Sodium chloride (NaCl) - - - - 1890.815 -
Sodium nitrate (NaNg - - - - 0.521 -
Ammonium bicarbonate (NHCO,) - - - - 2.730 -
Lithium chloride (LiCl) - - - - 4.202 -
Calcium chloride (CaG) - - - - 242.233 -
Calcium sulfate (CaS®p - - - - 2.499 -
Calcium bicarbonate Ca(HCY - - - - 21.060 -
Magnesium chloride (MgG) - - - - 3.109 -
Barium sulfate (BaSQ - - - - 1.256 -
Ferrous bicarbonate Fe(HQQ - - - - 1.064 -
Aluminum oxide (ALO,) 1.610 -
*  Based on the salinity of sea water = 35000Img/ ** Based on the NaCl of sea water = 29500 img/
® Minerals occurring in the sands © Minerals tested for but not found in the sands
RD-1999 = (This study); RD-1998 = Douglas (1992); M&V-1983 = Mazor and Verhagen (1983);
GP-1970 Water and GP-1970 Sand = Fourie (1970); MR-1915 = Rindl (1915; 1916;1928).

of groundwater during the various excavations, and the amountaiffthe spring eye has been taken as the level of the water in the
water issuing from the spring eyes, drilling results have indicatéddoor pool. The depth of the overburden and depth to the water
that the occurrence of groundwater in the immediate area may mable, as given in the literature is often of little value because the
be as plentiful as might be expected. From Fourie’s (1970) tablegact locality of where the measurements were taken are not
it was deduced that four out of eleven boreholes were dry up tdkmown. In 1982, Butzer (1984) put the water table at 1.7 m above
depth of 34 m, that six of the holes produced slightly saline watehe basement and about 390 mm below Peat 1.
and that only one bore hole produced very saline water. This would Taking the indoor pool spring eyes as zero, the water table in
somewhat contradict Grobler and Loock (1988) who stated that tR& was 200 mm higher than the spring-water; in P2, 300 mm higher;
whole area had a high water table from which the water emanatead in P3, 500 mm higher. In P4 the water table was 450 mm lower
This is presumably a reference to problems with the groundwat#an the spring-water. This was an indication that the water table
flow in the earlier excavations. From the literature it would alsevas at a fairly even level over most of the area, rising slightly to the
appear that two auger drilling programmes have been carried ouhatth and east, and then dropping to the south. It will be noted from
Florisbad. The first must have been prior to Fourie’s (1970) studghe contours in Fig. 1 that it is only between P3 and P4 that there is
and the second in 1981 (Rubidge and Brink, 1985). Unfortunatedyny real correlation between the water table and the topography.
there has been no attempt to correlate and examine data from thEse water table would therefore appear to correspond more to the
two programmes in the light of the bed-rock profile and water tableedrock profile, rather than the topography. As the water table is
The water table inthe immediate area of the spring is effectivetyrrrently almost level with the top of Peat Il in pits P2 and P3, in
represented by the level of the groundwater in the exploration pitgjation to Butzer's (1984) observations, the water table is now
and is supported by Brink’s (1987) statement that earlier excavaticaggproximately 650 mm higher than in 1982. The pre-1982 average
were at times carried out below the water table. Due to humé&n-year rainfall, which was 524 mm, was higher than either the
influences over the years, such as the construction of the swimmimg-1988 or pre-1999 ten-year average rainfall, may be yet another
pools, which included discharge pipes, it is difficult to denote aimdication that long-term rainfall has little influence of the level of
accurate level to the spring eye. Fourie (1970) recorded two larthe water table. Bredenkamp (2000) stated that groundwater level
and seven small eyes in the indoor pool, two large and seven smwadls linearly related to average rainfall over a number of preceding
eyes in the first outdoor pool, and one large and three small eyey@ars.
the second outdoor pool. For the purpose of this study the zero level

46 ISSN 0378-4738 = Water SA Vol. 27 No. 1 January 2001 Available on websitéttp://www.wrc.org.za



It could well be expected that, in an area of less than 18600 ngroundwater concentrations, as well as being contrary to that of
that the TDS of the groundwater would be relatively unifornestablished theories. Established theories state that if TDS of
particularly if there was any influence from the stable spring-wategroundwater were low, this was an indication of a high rate of
With variations of up to 666% between P199 and P499 it appeargiundwater renewal, while conversely, if the groundwater TDS
that some other factor(s) might be involved, and the possible effecére high, then the rate of groundwater renewal was low
of evaporation from the pits, coupled with an associate@Bredenkamp, 2000). This theory is also applicable to surface
concentration of ions, was considered. Evaporation from P299 awdters (Kruger and Lubczenko, 1994) with the latter two statements
P399 was not thought to be a factor as P299 was a narrbath supporting the original theory. However, the results at Florisbad
excavation, 6.70 m deep, and largely protected from influencekarly showed that during periods of high recharge the TDS of the
such as wind and extended periods of direct sunlight, althoughoundwater in P1 was higher, and conversely, during periods of
some evaporation would have still taken place. While P399 wésw recharge the TDS of the groundwater in P1 was lower. These
shallower at 4.20 m, it was shaded by very large eucalyptus treessults were not only in relation to P1, but also in relation to P1 and
and covered with iron sheeting just above the water table. the spring-water. Why the Florisbad results should be contrary to

A siphoning effect from the eucalyptus trees was consideredvdnat appears to be the norm is not known at this stage, but it could
possibility. The groundwater TDS increase between P299, P3Bflicate that there are some other factors or mechanisms involved.
and P499 was, however, almost lineal with no anomaly evidentBhis is also the subject of ongoing investigations.

P399. The number of individual ion concentration increases and Results have indicated that long-term rainfall probably has
decreases between these pits also remained constant (Fig. 2). Tittis effect on the ion values in the groundwater. However, long-
would tend to indicate that the trees did not exert any undterm effects would be more difficult to evaluate as long-term
influence on the groundwater TDS. Pit P499, with its high TDSainfall would dissipate with the groundwater over a relatively
was shallower at 2.95 m, and the sides of the pit had eroded to fahort period, and unless an accumulation effect could be determined,
avery exposed, open basin-shaped excavation. This pit was direethy effects of long-term rainfall would be smoothed out by shorter-
exposed to the sun for long periods of time, but there was term rainfall. The effects of long-term rainfall on the spring-water
influence from large trees. Evaporation, as a cause of the higlould be difficult to determine at this stage. Besides the intake area
values in P499 appeared to be a distinct possibility. However, théthe aquifer and the flow of the spring being unknown, the travel
water tablein P199, in the main excavation area, was even shallowere for recharge to travel through the aquifer to the spring eyes, is
at 450 mm, with erosion again having resulted in a very exposatso unknown. In any event, the travel time of water from the intake
open basin-shaped excavation. Although this was the most exposethe spring eyes would be considerably longer than the ten-year
of all the pits, contrary to P499, the TDS in P199 was the lowest périod examined here.

the four pits. Based on these considerations it was felt that neither The spatial variability of rainfall through characteristic isolated
evaporation nor a siphoning effect from the trees were factors storms in semi-arid areas could detract from using rainfall figures
influencing the TDS of the groundwater in the pits. from distant monitoring sites as data in analytical methods. A

The higher SQand Cl values in the groundwater of a ruralcomparison of rainfall figures for a 62-year period between Floris-
environment such as Florisbad could possibly be interpreted astsad and Glen Agricultural College, 32 km south-east of Florisbad,
indication of pollution. However, Fig. 2, in conjunction with Tableshowed that the rainfall average was 15% higher at Glen (Douglas,
1, shows that ion increases were not confined tpa®@Cl alone. 1992). Bredenkamp (2000) noted that monitoring at the Grootfontein
Between 41% and 53% of ions showed an increase in theiquifer implied that variability in monthly rainfall was largely
individual concentrations between the pits from west to east. Themogenised in spite of a large variability in daily rainfall. Despite
springs at Florisbad were closed to the public in April 1980 wheronsiderable variations in previously mentioned annual rainfall at
they were handed over to the National Museum for researétorisbad, variability in annual rainfall will also be homogenised
purposes. Therefore, for the past 20 years the influence and effeeer the long term as illustrated by the 78 year average of 496 mm
of rural activities on pollution has been minimal, with a permanei relation to the 500 mm isohyet. Although this homogenisation of
manager and visiting researchers being the only residents. Tanfall results may well be applicable to monthly and annual
toilets in the change-room near P3 and P4 were seldom, if ever, usaidfall, Bredenkamp (2000) still felt that there was an uncertainty
during the first 10 years of occupation by the National Museunand unreliability associated with the use of records from remote
and have been out of order for the remaining period. Sewage frononitoring points.
the residence drains to the north away from the exploration pits. In relation to the large herds of animals that previously roamed
The large number of groundwater ion concentration increasebe area, the potability of the Florisbad spring-water in relation to
which cannot all be related to possible pollution, coupled with thguality is of some importance. Smit (1977), for example, noted that
S0, values being so much lower than the Cl values, would tend k@lahari animals could tolerate water with a TDS of 6 000.mg/
suggest that pollution has had little influence and that some othéruger and Lubczenko (1994) give the salinity tolerance
factor or mechanism might be responsible for the higher pit-watéapproximate to TDS) of drinking water for pigs and milking cows
values. The apparent spring-water,8@rease between 1915 andas <3 200 mdy/ dry dairy cows and horses <4 500 ingéef cattle
1983 (Table 4) is also disproportionately higher than the &5 760 mgl, and sheep 6 400 nigAlthough the Florisbad spring-
increases and not thought of as being pollution-related. Along wittater is the most saline of South African spring-waters (2 378
the high 1983 F value, the importance of regular water monitorimggl TDS), the above tolerances would clearly indicate that the
is emphasised as a tool in confirming or disproving such anomaliegring-water is actually relatively sweet and potable for most

Based on the water and rainfall analyses it was concluded tlzatimals. In contrast to the salinity of spring-water, after the heavy
there was a definite association between the groundwater id888 rains, water in the salt pan just north-west of Florisbad,
values and short-term rainfall. The pronounced influence of shoregistered a TDS of 10 346 nhgiepresenting a salinity of 29.56%
term rainfall may partially be due to the shallow nature of the sitef sea water (Douglas, 1992). This was the first time in living
bed-rock-wise, as well as the porosity of the aeolian sand. Howewveemory that this much water had accumulated in the pan, and at
in the Florisbad context, the results of this study were contrary tieese levels the Florisbad spring-water would have been far more
the originally proposed theory that high recharge would dilutettractive to the herds of game. Seaman et al. (1991) recorded 197

Available on websitéttp://www.wrc.org.za ISSN 0378-4738 = Water SA Vol. 27 No. 1 January 2001 47



295 mgl TDS for the salt pan, or 564% the salinity of sea water, antddork as well as discussions and comments on aspects of the project.
an NaCl content of 188 000 nhg/These concentrations are The efforts of the two referees and the Editor, whose constructive
approaching that of the Dead Sea with a TDS of 250 00D Agy/ comments have helped considerably in broadening the scope of this
no precise locality was given for these samples, the values coplaper, as well as improving it, are also acknowledged.
possibly only have been obtained if they were taken directly from
one of the very saline boreholes supplying the evaporative sReferences
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