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This study was carried out to determine the chemical composition of cave water in Zanzibar Island,
part of Tanzania. It was done by studying major cations (Ca?", Mg*", Na’, K"), and major anions
(HCOy, SO42', CI’), in the water as indicators. Overall results indicated that, the cave water was
influenced by marine and weathering contribution. However, weathering was more pronounced at
Chomvi ndogo, Chomvi kubwa, and Miza wa Miza caves where it was more than 87% compared to
Kilindi, Choweni and Makutani caves where it was less than 77%. Therefore marine contributed
more in these last three caves. The trend for concentration contributed from marine water was similar
to all sampling sites which was K<Ca<Mg<SO4<Na. The trend for weathering contribution was
SO4< K Mg<Na<Ca at Chomvi ndogo, Chomvi kubwa and Miza wa Miza caves while at Kilindi,
Choweni and Makutani caves the trend was Mg<K <SO, <Na <Ca. These trends show that Na
contributed more in marinogenic content in all caves while weathering contributed more by Calcium
(Ca) in all sampling sites. PHREEQ program for saturation indices showed that, the major elements
are supersaturated with calcite and aragonite and under saturated with anhydrite, gypsum, and quartz

in all six caves.

Copy Right, IJCR, 2012, Academic Journals. All rights reserved.

INTRODUCTION

It is very important to study chemical composition at each
cave so as to understand the relationship of that cave and
water quality and make interpretations to the existing
chemistry on specific site. For instance, cave waters respond
to variations in surface recharge via changes in discharge and
chemistry (Fairchild et al., 1996; Bar-Mathews et al., 1996;
Baker et al., 2000; Huang et al., 2001; Frisia et al., 2003;
Musgrove and Banner, 2004; Cruz et al., 2005). Such changes
may be encoded in the chemical and physical properties of the
speleothems deposited from these waters, allowing the
extraction of palaeohydrological and other climate-related
information (McDonald et al., 2007). According to Musgrove
and Banner (2004) variations in isotopes and trace elements
(Mg/Ca and Sr/Ca ratios) of waters and soils from different
caves, as well as phreatic ground waters, provide the potential
to distinguish between local variability and regional processes
controlling fluid geochemistry, and a frame work for
understanding the links between climatic and hydrologic
processes. In this regard, chemical composition of cave water
can vary, depending on the nature of the caves, rocks or soil,

*Corresponding author: hassanrashidali@yahoo.com

as well as weathering process taking place at the particular
site. Stalagmite trace element concentration profiles can reveal
evidence for climatic events that disrupt the local hydrological
cycle (Baldini ef al., 2006). Therefore, this study aimed to find
out the chemical composition of cave water from caves in
Zanzibar Island. First, it was to determine the chemical
weathering taking place at each cave and influence of the tides
to the water. Then marinogenic and non-marinogenic
concentrations contributed to the cave water were calculated.
Finally, PHREEQ geochemical program was used to identify
the kind of minerals responsible for weathering process in
each cave.

Study area
Geography

This study was conducted in Zanzibar Island, Tanzania located
in the Indian Ocean at Longitude 39° east and Latitude of 6°
south of the equator (Else 1998). The study was on six
different sites, two from each region of Zanzibar Island. The
Chomvi ndogo, and Chomvi kubwa, are situated at Dimani,
Urban — West region of Zanzibar. The Miza wa Miza and
Kilindi from Kizimkazi, are caves from the Southern region of
Zanzibar. The Choweni and Makutani are caves at Fukuchani,
from the Northern region of Zanzibar (Fig. 1).
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Figure for Zanzibar map showing Dimani, Fukuchani, and Kizimkazi and location of the caves where samples were taken
for this study

MATERIAL AND METHODS

Water samples were taken from the six caves. Each cave was
sampled twice in a day according to the sea tides. The first day
of sampling was Sunday 14™ December, 2008 during Lowest
of the Low tidal (LL) at 11:10 AM when the tide frequency
was 0.09 m and during Highest of the High tidal (HH) at 5:15
PM  when the tide frequency was 3.46 m. The second
sampling day was Monday 22" December, 2008 at 6:47 AM
and 12:28 PM when the tides frequencies were 1.38 m and
2.56 m for Highest of the Low tidal (HL) and Lowest of the
High tidal (LH) respectively. Water samples were taken in
plastic bottles and were kept in cooling container to the
laboratory for analysis. The samples after collected were
filtered through 0.45pm cellulose-acetate filter membrane to

remove total suspended particles. Each sample was then
divided into two portions of 500mls each. The first portion
was for anion analysis, and the second portion for cation
analysis. The portion for cation analysis was preserved by
adding 3mls of conc. HC] while for anion was preserved by
freezing at -4 °c (Clesceri et al., 1998). The cations Na', K,
Ca®", and Mg”" were analyzed using the Induced Coupling
Plasma Mass Spectrophotometer, ICP-MS (X-7, Thermo
Elemental) at the Southern and Eastern African Mineral
Centre, Kunduchi Dar es Salaam, Tanzania. Sulphate was
measured by Turbid metric method, Bicarbonate alkalinity
was analyzed by titration against 0.05SM HCI using Methyl
Orange as indicator. Chloride was analyzed by titration against
0.05M AgNO; by using potassium chromate as indicator
(Clesceri et al., 1998). Analysis for anions was done at Ardhi
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University laboratory situated at Mwenge, Dar es Salaam
Tanzania.

Sources of major chemical species

With exception of the values from Chomvi ndogo only, the
total dissolved cations (TC) and total dissolved anions (TA)
were balanced to within +9.9% of the normalized inorganic
charge balance (NICB) (Table 2) and show the linear relation
with slope of 1.0943 and R square value of 0.9669 (Fig.1).
The total cations (TC), total anions (TA), and normalized
organic charge balance (NICB) were calculated using the
following formulas;

TC (Total Dissolved Cations) = Na" + K"+ 2Mg*" + 2Ca**

TA (Total Dissolved Anions) = CI'+ HCO5™ + 2S0,4*

NICB (Normalized Inorganic Charge Balance) = (TC —
TA)/TC x 100
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Figure 1: Relationship between total cations (TC) and total
anions (TA) in mmol™”

Chemical species in ground water, cave being one of the
types, may originate either from marine or rock weathering.
This was tested by inter-species relationship and the results
were presented in table 3. The samples showed strong
correlations (P<0.05) among cations and anions for all
concentrations. The correlations emphasize the importance of
both marine and weathering species. Concentration of Ca**
showed strong correlation with SO,> and HCO;" indicating
existence of Ca(HCOs), and CaSO,; (Vuai, 2004). The
existence of Ca(HCO;), may be responsible for the high pH
observed in this study, whereas CaSQ, is associated with
dissolution of gypsum mineral. The relationship between Na*
and CI (fig. 3) was very strong indicating the common sources
of these species, since the slope was 0.9959 which is very
close to one.
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Figure 2: Relationship between Sodium and Chloride
concentrations

Chloride is the major component of sea water which
contributes about 19,350 mgL™ or 540mmolL™". The chloride
concentration was used to understand the relationship between
marinogenic and non marinogenic species, which were
obtained by the following relation:-

CCZ*CLIVEWG[EV X Cl

Clmarine C seawater

Cl—-seawater
Where;
Cimarme = Concentration of chemical species contributed to
marine
Clse awater = Concentration of chemical species in sea water
CCHWW o = Concentration of CI” from cave water
Corseawarer= Concentration of CI' in sea water

The sea water concentrations used in calculation is shown in
table 4

The concentration of non marinogenic (weathering) was
obtained by subtracting the concentration of chemical species
found in the sample with that contributed by the sea water.
The percentages for both marinogenic and weathering were
then calculated and presented in the table 5.

The major elements composition indicates that weathering was
important at Chomvi ndogo, Chomvi kubwa and Miza wa
Miza caves compared to rest of other caves. In this regard the
total salt contribution was very low (less than 13%) in these
caves. Therefore the weathering contribution in these caves
was more than 87%. However in Kilindi, Choweni and
Makutani caves show reverse trend, because the salt water
contribution was very high to these caves. The total value of
salt contribution in these caves was greater than 33%. These
trends confirm that the tides have significant effect at Kilindi,
Makutani and Choweni caves since they receive large amount
of salt water which was truly come from the oceans while
Chomvi kubwa, Chomvi ndogo, and Miza wa Miza cave, tides
show less effect (Fig.3). The trend for concentration
contributed from marine water was similar to all sampling
sites which was K<Ca<Mg<SO,<Na. The trend for
weathering contribution was SO4,< K Mg<Na<Ca at Chomvi
ndogo, Chomvi kubwa and Miza wa Miza caves while Kilindi,
Choweni and Makutani the trend was Mg<K <SO, <Na <Ca
(Table 5). These trends show that Na contribute more in
marinogenic content in all caves while weathering is
contributed more by Calcium (Ca) in all sampling sites (Table
5). Vuai and Tokuyama (2007) found Calcium was more
weathered than other element. Therefore the trend in this study
was agreed with their results for all caves.

Possible mineral for weathering

The possible minerals responsible for releasing those species
in cave water are presented in table 6. In soil water and ground
water where carbonic acid concentration is high, the resulting
concentrations of Ca’" and HCO'; can build up to high values.
This can be achieved in the presence of carbonate minerals
through the equations such and fig.3 below:-

Calcite dissolution

H,CO; + CaCO; — Ca*" + 2HCO5
(Calcite)
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Table 1: Table of results

Mg Na~
SITE DATE TIDE (mgL™) (meL™")
CH 14/12/08 HH vE = 3.04 171 = 5.97 6.38 1.12
&3] 14/12/08 LL 451 = 2.08 256 = 116 5.87 = = 5.80
CH 22/12/08 LH E 73 154 = 170 = B33 = = 347
CHM 22/12/08 HL 4 267 = 0.78 = 4584 = = 313
CK 14/12/08 HH 170 = 143 = 371 = = 3131
CK 14/12/08 LL 265 = 140 = 433 = = 441
CK 22/12/08 LH 2161 = 118 = 343 = = 7.1§
CE 22/12/08 HL 262 = 6.33 = 418 = = 372
WM 14/12/08 HH 2535 4.04 = 5.03 = = 411
WM 14/12/08 LL 150 = 8.3 = 515 = = 4.14
WM 22/12/08 LH 145 = 439 = 5.02 = = 6.62
WM 22/12/08 HL 154 = 1.03 = 6.3 = . = 399
KL 14/12/08 HH 28 = 111 = 5.68 = [ = 117
KL 14/12/08 LL 917 = 13§ = 4.65 = 4.95 = 5.91
KL 22/12/08 LH 919 = 153 = 532 = 1.41 = 26.7
KL 22/12/08 HL 15 = 1 = 513 = 3.54 = 872
CW 14/12/08 HH = = 127 = 434 = 613
CW 14/12/08 LL = = L = 6.36 = 1.79
CW 22/12/08 LH = = & = 3.54 = 8.02
CW 22/12/08 HL = = L = 5.66 = 18.5
ME 14/12/08 HH = = 3. = 2.12 = 43§
ME 14/12/08 LL 3. = = = 4.95 = 19.0
ME 22/12/08 LH = 24.6 = = = = 3.54 = 811
ME 22/12/08 HL = 3.31 i1 = 131 = = = 1.83 = 6.37
NOTE: CN = Chomvindeoge, CK = Chomvi kubvwa, MM = Miza wa Miza, KL = Kilindi, CW = Choweniand MK = Makutani
Table 2: Dissolved chemical species in cave water (mmolL™") and the ratios of total cations with total anions calculated from the main data
SITE DATE TIDE Ca™" he Ia™ B~ HCOs™ S0~ CT TC TA FICE TCTA
T 0B1I214 HH 16.3 3.96 11.8 0.53 245 065 3.80 32.6 28.8 11.6 1.13
CTT L 182 3 .80 11.1 047 24 .4 o.50 327 31.4 28.2 10.3 1.11
cry LH 18.2 217 11.0 0.7 241 0.4z 3.28 21.1 27.8 107 1.12
o HL 16.3 3.60 11.8 0.78 243 0.48 3.43 323 28.3 12.4 1.14
CEC HH 15 .4 304 117 059 241 048 3.37 30.8 279 918 110
CE LL 153 2.85 11.5 054 23.9 0.40 3.23 30.2 27.5 8.79 1.10
CE LH 15.2 2.68 11.3 0.54 23.8 0.35 3.25 28.08 27.5 ¥.az2 1.08
CEL HL 153 2.99 11.4 0.58 241 0.52 3.23 303 27.8 8.08 1.09
MBI HH 17.4 310 11.1 0.95 255 0.69 4.45 32.6 30.6 6.03 1.06
MBI LL 17.4 2.1 10.9 0.87 25.4 0.60 4.33 32.0 30.3 527 1.06
AT LH 173 278 10.8 0.54 Z25.4 0.56 427 31.7 30.2 4.87 1.08
BRI HL 17.4 3.04 11.0 0.88 2586 0.58 4.32 323 30.5 .58 1.06
B HH 19.4 675 404 1.32 2686 1000 28.4 67.8 &40 5 65 1.06
BL L 19.2 8.7 30.9 1.27 26.5 7.50 27.4 er.o &0, 4 9.88 1.11
KL LH 191 .87 40.0 1.28 255 7.08 27.0 66.2 598 9.94 1.11
KL HL 19.3 &.41 402 1.29 2.7 8.7 28.3 er.2 862.7 &.63 1.07
o HH 223 TeT 374 1.81 29.4 11.8 31.9 69.5 73.0 -5.08 0.95
oW LL 222 T3 36.0 1.89 29.1 11.5 30.5 67.8 1.1 -4.85 0.95
oW LH 21.& 72T 3BT 1.9 28.5 8.85 301 86.6 &7.4 -1.23 0.99
o HL 22.0 T.E3 362 1.94 29.3 10.4 30.6 ev.7 T0.3 -3.89 0.96
TWIEC HH 21.3 & .52 337 202 27T 13 5 28.4 6386 697 -5 864 0. 91
IR L 20.8 &.50 331 .98 2Z7.4 12.9 27.8 82.3 &8.1 -8.30 0.9
WIEC LH 20.8 6.50 33.4 1.93 27.3 12.5 28.2 62.6 67.9 -8.51 0.92
HL 20.8 &.51 338 1. 5% 273 131 28.3 629 &68.7 -8.25 092
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Table 3: Correlation coefficients of concentrations of major chemical species from cave water

Na K' Mg** Ca” HCOy Cr SO~
Na 1.00
K* 0.70 1.00
Mg* 0.91 0.81 1.00
Ca™ 0.74 0.94 0.88 1.00
HCOy 0.51 0.85 0.72 0.92 1.00
cr 0.97 0.84 0.96 0.87 0.67 1.00
SO~ 0.83 0.91 0.88 0.86 0.69 0.92 1.00

Table 4: Sea water concentrations of salinity 35% used for calculating the concentrations of marinogenic and weathering species
in cave water

Constituent mgL’ mmolL
Sodium 10,760 468.0
Magnesium 1,294 532
Calcium 412 10.2
Potassium 399 10.2
Chloride 19,350 545.0
Sulphate 2,712 28.2

Table S: Sea and weathering contribution in chemical species (mgL") to the cave water of sampling sites

Chomvi ndogo | Chomvikubwa | Miza wa Miza Kilimdi Choweni Makutani
Element Tide Mc Wc Mc Wc Mc We Mc We Mc W Mc We
Calcium HH 272 549 255 514 338 6394 | 215 753 241 8&7 215 829
LL 2.47 646 2.44 508 327 692 | 207 745 230 G54 21.0 811
LH 248 ] 2.48 506 323 691 20.4 744 227 843 213 811
HL 2.58 549 2.44 609 327 691 21.4 749 23.1 857 21.4 813
Magnesium | HH 8.55 39.0 7.99 28.5 106 257 874 1386 787 200 67.4 10.8
LL 77 354 7.66 285 103 246| 850 15.4 724 204 66.0 120
LH 7.2 303 7.7 24.4 10.1 230] 841 6.3 7.4 15.8 56.9 111
HL 8.15 35.0 7.67 28.2 10.3 252 871 8.7 726 17.7 57.1 11.0
Sodium HH A 200 68.5 203 325 336| 581 367 5629 232 581 215
LL 64.6 191 637 20 317 308 541 376 602 225 549 21
LH 64.2 190 B4.1 197 3.12 237| 533 386 593 229 EBE 211
HL 67.8 199 63.8 199 3.16 3.1 558 367 504 229 558 214
Potassium | HH 283 18.1 2.48 205 3.25 338 208 307 | 233 47.4 20.3 B3
LL 2.38 158 2.38 18.8 347 308 200 288 | 223 51.4 20.3 B§2
LH 2.38 2438 2.38 18.7 3.12 287 198 30.1 220 52.0 206 E46
HL 2.51 28.1 2.38 20.4 3.18 3| 207 29.8 22.4 53.2 207 55.8
Sulphate HH 17.9 131 18.8 524 221 109 141 339 159 406 141 509
LL 183 7.7 181 2.54 218 748 138 224 162 398 138 452
LH 182 3.82 182 0.54 21.2 BT8| 134 206 150 275 140 480
HL 17.1 5.52 16.1 3.93 21.5 .49 141 279 152 343 141 489
TOTAL HH 103 819 Bg.2 871 127 832 812 1803 | &1 1572 812 1622
LL 8386 896 823 857 124 919 783 1380 | 871 1560 795 1672
LH 529 494 g2.8 347 122 813 772 137 859 148 805 1543
HL 85.1 i 82.3 565 124 524 308 1435 | 874 1505 808 1584
WTOTAL HH 101 9.9 9.95 80.1 120 8.0 351 54.9 36.7 63.3 334 666
LL 9.45 80.5 a7z 80.3 1.9 88.1) 36.0 54.0 35.8 54.2 338 66.4
LH 8.41 80.6 988 80.1 11.8 882 36.0 54.0 37.8 62.2 342 65.8
HL 9.67 80.3 9.64 80.4 11.8 8.2 38.0 54.0 368.7 63.3 33.8 852

Note: Mc = Marine contribution, W

¢ = Weathermg contnbution

Table 6: Some common minerals that undergo weathering, their composition and possible rock types

Mineral Composition Rock type
Calcite CaCO;s Sedimentary
Dolomite CaMg(COs), Sedimentary
Pyrite FeS2 Sedimentary
Gypsum CaS0, 2H,0 Sedimentary
Anhydrite CaSOy Sedimentary
Plagioclase feldspar NaAlISi;Os (albite) Igneous
CaAl Si20s (anorthite) Metamorphic
K-feldspar KAISi;08 Igneous
Metamorphic
Sedimentary
Biotite K(Mg,Fe);(AlSi;0;0)(OH), Metamorphic
Igneous
Halite NaCl Sedimentary
Pyroxene Ca(Mg,Fe)Si,O¢ or (Mg,Fe)SIOs Igneous
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Table 7: Saturation indices for different minerals as calculated from concentration of chemical species in cave water

CHOMNVI | CHOMNVT | MIZA WA
MINERAL TIDE | NDOGOD EUBWA MIZA KILINDI CHOWENI | MAKUTANI
HH -1.80 -2.04 -1.84 -0.77 -0.68 -0.61
LL -1.049 -2.10 -1.90 -0.89 -0.69 -0.64
ANHYDRITE LH -2.07 -2.15 -1.92 -0.92 -0.80 -0.66
HL -2.01 -1.98 -1.91 -0.82 -0.73 -0.64
HH 1.68 1.42 1.84 1.82 1.57 1.69
LL 1.27 1.21 2.15 1.59 1.55 1.68
ARAGCONITE LH 1.58 123 1.34 2.14 1.38 1.89
HL 2.07 1.38 1.50 1.69 1.44 1.55
HH 1.83 1.36 1.98 1.96 1.72 1.83
LL 1.41 1.35 2.29 1.73 1.69 1.82
CALCITE LH 1.73 1.37 1.48 2.28 1.52 2.03
HL 2.21 1.52 1.64 1.83 1.58 1.69
HH 2.92 2.30 3.11 3.35 2.86 3.01
LL 2.05 1.86 in 2.28 2.80 3.01
DOLOMITE LH 2.61 1.86 2.05 3.04 2.48 344
HL 3.68 2.22 2.41 3.07 2.58 2795
HH -1.68 -1.84 -1.64 -0.57 -0.48 -0.41
LL -1.79 -1.90 -1.70 -0.69 -0.49 -0.44
GYPSUM LH -1.86 -1.94 -1.72 -0.72 -0.60 -0.46
HL -1.82 -1.78 -1.71 -0.63 -0.533 -0.44
HH -0.17 -0.17 -1.11 -1.34 -0.62 -0.85
LL -0.20 -0.30 -1.12 -1.46 -0.67 -0.86
QUARTEZ LH -0.13 -0.27 -1.05 -1.13 -0.36 -0.71
HL -0.22 -0.31 -1.07 -1.47 -0.77 -0.87
Source: http://www.ndsu.nodak.edu/webphreeq/webphreeq-input.cgi 20090427
100.0
90.0
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Figure 3: Percentage of marinogenic and weathering
contribution to the cave water from different sites at different
tides
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Figure 4: Relationship between Bicarbonate and Calcium concentration
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Figure 4: Relationship between summation of bicarbonate and sulphate
with summation of calcium and magnesium concentration

Conclusion

The study of chemical composition of cave water in Zanzibar
Island shows that the quality of the water from Chomvi ndogo,
Chomvi kubwa, Miza wa Miza, Kilindi, Makutani, and
Choweni is affected by tidal change. In this regard the caves
have fluctuated concentrations of major elements with
reference to sea tides. This is due to several factors such as
mineral dissolution, agricultural activities, as well as sea water
intrusion. Two major sources, marinogenic and non
marinogenic (weathering) can explain the chemical species in
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ground water. The trend for concentration contributed from
marine water was similar to all sampling sites which was
K<Ca<Mg<SO4<Na. Therefore marinogenic, sodium showed
a higher percentage concentration. The trend for weathering
contribution was SO;< K Mg<Na<Ca at Chomvi ndogo,
Chomvi kubwa and Miza wa Miza caves while Kilindi,
Choweni and Makutani the trend was Mg<K <SO, <Na <Ca.
These trends show that Na contribute more in marinogenic
content in all caves while weathering is contributed more by
Calcium (Ca) in all sampling sites. But the percentage of
marinogenic an weathering contribution to the caves make it
different. Marinogenic and weathering percentages were less
than 13% and greater than 87% respectively at Chomvi ndogo,
Chomvi kubwa and Miza wa Miza but at Kilindi, Choweni
and Makutani it were greater than 33% and less than 77%
respectively. Summation of magnesium and calcium also
shows significant correlation with bicarbonate plus sulphate
indicating the dissolution of calcite, dolomite, anhydrite,
gypsum and aragonite. The saturation indices from the water
cave as calculated by PHREEQC program shows that the
dissolution of calcite and aragonite minerals contribute more
to concentration of Ca?" and HCOy compared to dolomite,
anhydrite and gypsum.

Acknowledgments

We would like to thank the State University of Zanzibar
(SUZA) for supported us financially to carry out this research.
Special thanks are due to the Chief Chemists, Mr. Bomani, of
Southern and Eastern African Mineral Centre (SEAMIC)
Kunduchi Tanzania, and Mr. Mohammed Kombo of Ardhi
University for allowed us to use their laboratories facilities
and their guidance during sample analysis.

REFERENCES

Baker, A., Barnes,W.L., Smart, P.L., 1997. Variations in the
discharge and organic matter of stalagmite drip waters in
Lower Cave, Bristol. Hydrological Processes 11, 1541—
1555

Baker, A., Genty, D., Fairchild, 1.J., 2000. Hydrological
characterization of stalagmite drip waters at Grotte de
Villars, Dordogne, by the analysis of inorganic species
and luminescent organic matter. Hydrology and Earth
System Sciences 4 (3), 439-449.

Baldini, J., Mcdermott, F. & Fairchild, 1. (2006) Spatial
variability in cave drip water hydrochemistry:
Implications for stalagmite paleoclimate records.
Chemical Geology 235, 390-404.

Bar-Matthews, M., Ayalon, A., Matthews, A., Sass, E., Halicz,
L., 1996. Carbon and oxygen isotope study of the active
watercarbonate system in a karstic Mediterranean cave:
implications for palacoclimate research in semiarid
regions. Geochimica et Cosmochimica Acta 60 (2), 337—
347.

Clesceri, L. S., Greenberg, A. E., Eaton, A. D., 1998. Standard
methods for the examination of water and westewater,
Washington, DC, American Public Health Association
(20™ ed).

Cruz Jr., F.W., Karmann, 1., Oduvaldo Jr., V., Burns, S.J.,
Ferrari, J.A., Vuille, M., Sial, A.N., Moreira, M.Z., 2005.
Stable isotope study of cave percolation waters in
subtropical Brazil: implications for palaeoclimate
inferences from speleothems (2005). Chemical Geology
220, 245-262.

Djidi, K., Bakalowicz, M., Benali, A. M., 2008. Mixed,
classical and hydrothermal karstification in a carbonate
aquifer Hydogeological consequences. The case of the
Saida aquifer system, Algeria. C.R. Geoscience 340, 462-
473.

Dupre, B., Dessert, C., Oliva, P., Godderis, Y., Viers, J.,
Francois, L., Millot, R., Gaillardet, J., 2003. Rivers,
chemical weathering and Earth's climate. C.R.Geoscience
335, 1141-1160.

Fairchild, I.J., Tooth, A.F., Huang, Y., Borsato, A., Frisia, S.,
McDermott, F., 1996. Spatial and temporal variations in
water and stalactite chemistry in currently active caves: a
precursor to interpretations of past climate. Proceedings
of the Fourth International Symposium on the
Geochemistry of the Earths Surface, Ilkley.

Fairchild, 1.J., Borsato, A., Tooth, A., Frisia, S., Hawkesworth,
C.J., Huang, Y., McDermott, F., Spiro, B., 2000. Controls
on trace element (Sr—-Mg) compositions of carbonate cave
water: implications for speleothem climatic records.
Chemical Geology 166, 255-269.

Frisia, S., Borsato, A., Preto, N., McDermott, F., 2003. Late
Holocene annual growth in three alpine stalagmite records
the influence of solar activity and the North Atlantic
Oscillation on winter climate. Earth and Planetary Science
Letters 216, 411-424.

Huang, Y., Fairchild, 1.J., Borsato, A., Frisia, S., Cassidy, N.J.,
McDermott, F., Hawkesworth, C.J., 2001. Seasonal
variations in Sr, Mg and P in modern speleothems (Grotta
di Ernesto, Italy). Chemical Geology 175 (3—4), 429-448.

http://www.ndsu.nodak.edu/webphreeq/webphreeq-input.cgi
20090427.

Mcdonald, J., Drysdale, R., Hill, D., Chisari, R., Wong, H.,
2007. The hydrochemical response of cave drip waters to
sub-annual and inter-annual climate variability,
Wombeyan Caves, SE37Australia. Chemical Geology
244, 605-623.

Musgrove, M., Banner, J., 2004. Controls on the spatial and
temporal variability of vadose dripwater geochemistry:
Edwards Aquifer, central Texas. Geochimica et
Cosmochimica Acta 68 (5), 1007-1020

Vuai, S. A., Tokuyama, A., 2007. Solute generation and CO,
consumption during silicate weathering under subtropical,
humid climate, northern Okinawa Island, Japan. Chemical
Geology 236, 199-216.

United Nations 1987. Hydrogeochemical map of Zanzibar.
Map No. 3344.

skosk sk skoskosk sk



