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1. 

ABSTRACT 

The chemical compositions of groundwater from the Tauranga region are 
affected to varying degrees by reducing conditions due to buried organic 
matter. The levels of some dissolved constituents are also affected by 
mixing with sea water contained within the rocks and by rock-water inter
action. Dissolved gas compositions range from oxygen-bearing to methane-
bearing reflecting the varying redox conditions. Excess ?.ir may be 
present but further experiments are necessary to confirm this. 

12 Apparent ages deduced from carbon-14 measurements (corrected using C 
13 dilution and C fractionation methods) range from 2-25,000 years, 

suggesting that some of the waters were recharged during late Pleistocene 
* 18 

or early Holocene time. 6D and 6 0 values of the oldest waters are 
slightly more negative than those of younger samples; this may indicate 14 recharge during a cooler climate, in agreement with the C ages. Very 
low but significantly non-zero tritium contents (TR = (0.007-0.059) ± 
0.007) were measured using the high tritium-enrichment facilities at INS 
and the very low-background counters at the University of Bern. The 
tritium is thought to derive from contamination or nuclear reactions in 
the aquifer rocks rather than from recharge water. 
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* 6 v a l u e s are d e f i n e d in t h e t e x t . 



Mt. Maunganui 

•WB 

Te Puke 

• M 

fam 
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2. 

INTRODUCTION 

Groundwaters with re lat ive ly high temperatures (30-50°C) are tapped by 
wel ls in a region centred on Tauranga in the Bay of Plenty. The warm 
groundwaters occur as far south as Maketu and extend to beyond Katikati 
in the north. Natural springs occur near Katikati, generally with tempera
tures below 35°C, and at Maketu, where the temperature is above 50°C. 
More than 100 private wells tap the warm waters at an average depth of 
300 m. A large fraction of the wells are near Tauranga. 

In order to determine the origin of th is warm water resource, a number 
of wel ls were sampled and the waters analysed for chemical and stable 
isotope contents (Simpson and Stewart, in preparation). This work led to 
the present, more comprehensive attempt to delimit the water components 
and their age and recharge character is t ics , as well as chemical processes 
within the aquifer. 

In this report, the sampling and methods of measurement are brief ly 
described and the results discussed. A more detailed interpretation of 
the results wil l be published l a t e r . 

SAMPLING AND MEASUREMENT 

Samples were collected from nine w e l l s , this l imit being imposed by the 
number of 200- l i t re drums (for C analyses) that could be transported 
on the PEL truck. The sample locations are plotted in Fig. 1. Each well 
was sampled for chemical, dissolved gas, carbon-14, tritium and radon-222 
contents, sulphur and oxygen isotopes of dissolved sulphate and the 
hydrogen and oxygen isotopes of water. Details of the sampling conditions 
are given in Table 1. 

For several of these measurements i t was important to sample when the 
wel ls had been flowing for considerable time (preferably 24 hours), and 
to completely exclude air from the sample, so the f i r s t day was spent 
arranging suitable times for sampling with well owners and obtaining 
the necessary plumbing f i t t ings to ensure a ir - t ight connections. ( I f a l l 
e l se f a i l e d , a narrow tube was inserted at least 2 m inside the tube 



Table 1: Details of samples collected near Tauranga 

Well name 
Map 

Reference 
Samplinp 

Date Time 

Willow Park N58/645599 30/3/82 0815 
Sapphire Springs N57/366713 it 1130 
Clapp N5S7 461709 u 1345 
Femland Spa N58/602567 a 1610 
Sika Motel N58/619578 31/3/82 0930 
Maketu Hot Pool N68/905486 ii 1145 

Welcome Bay 
Hot Pool 

N58/688557 n 1400 

Plummers Point N58/525627 1/4/82 1030 
Memorial Park 

(T.C.C.) 
N58/642576 it 1300 

Temperature °C Pumping Other Depth 
Measured Quoted max. time information m 
44.7 44.4 Continuous 340 
33.1 33.2 " 10 A/sec 263 
36 40 %45 m1n 305 
47.2 45 >1 hr 183 
37.5 37.4 4 " 280 
43.5 43.6 Continuous 91 

(artesian) 
41.2 42.5 14 hr Rhyolite 239 

41.6 41.3 24 " 201 
43.5 48-50 3 " 

/ 



5. 

Gas abundances 

Water was collected in 1-l itre flasks to determine the composition of the 
dissolved gases. The flasks had been evacuated in a vacuum system after 
addition of 1-ml of concentrated phosphoric acid and HgCl. (Heaton and 
Vogel, 1981). Water flowing from a pipe connected to the well-head was 
directed into the neck of the flask to remove air bubbles. Then the 
well-head pipe was attached to the neck of the flask and the vacuum tap 
on the flask opened. 600-800 ml of water were drawn into the flask, then 
the tap was tightly closed. Dissolved gases tended to come out of 
solution because the flask was in i t ia l ly evacuated and because acid i f i 
cation converted bicarbonate to dissolved (XL. 

To extract the sample, the gas was pumped through two traps cooled with 
dry ice in alcohol and liquid oxygen respectively, by means of a toepler 
pump, until there was no further increase in pressure (30 minutes). The 
dry ice trap collected water vapour and the liquid oxygen trap (XL. The 
pressure of the non-condensed gases (composed of nitrogen, argon, oxygen, 
methane, etc.) was measured in a mercury manometer and some of the gas 
taken for analysis in a mass spectrometer. Samples of air were used to 
calibrate the relative sensitivity of the mass spectrometer to the 
different gases. When methane was detected, the argon content was 
assumed to be the average of the amounts measured when no methane was 
present (0.386 n»l_/l H^O), and the methane content determined by sub
traction. (XL frozen in the liquid oxygen-cooled trap was later used for 
carbon-13 analysis in a different mass spectrometer. 

RESULTS 

Results of chemical measurements are given in Table 2, with elemental or 
ionic abundances in g/m . Dissolved gas abundances are given in Table 3 
in mis of gas at N.T.P./l H20 (for N 2 , Ar, 0 2 and CH4) and pCi/1 H20 
(for radon). The 6 C value of total carbonate (mainly present as 
bicarbonate) with respect to PDB was measured on three of the waters. The 

13 6 C value is defined by the equation 

« 1 3 C °/oo = ( 1 3 C / 1 2 C ) sample , 
( " C / " 0 PDB 

x 1000. 

where PDB is a standard carbonate. The 5D and 6^0 values are defined 
similarly, but different standards are used. 



Table 2t Chemical composition of ground waters 
from the Tauranga region. 

PH 
Conductivity 
(mS/m) 
Absorbance 
(270na, 1cm cell) 

Willow 
Park 

Sapphire• 
Springs 

Clapp 

7.10 7.90 7,15 
259 17.4 55.1 

0.005 0.001 0.82 

Fern land 
Spa 

7.45 
227 

0.017 

Sika 
Motel 

6.70 
77.2 

0.004 

Maketu 
Hot Pools 

6.65 
82.2 

0.057 

Welcome Bay Plummars Memorial 
Hot Pools Point Park 

7.68 
82.2 

0.004 

8.02 
114 

0.006 

7.28 
18.3 

0.028 

g/">J 

u 0.22 0.02 0.17 1.14 0.10 0.24 0.39 0.10 0 .05 
Na 580 16 144 528 138 171 182 270 37 
K 23.4 4.6 10.0 14.2 9.5 14.2 3.0 8.7 3 .2 
Ng 12.0 4.3 0.2 7.5 11.8 12.1 1.0 0.4 2 .2 
Ca 14 12 LT 1 15 13 15 11 w

 2 
Fe LT 0.01 LT 0.01 0.03 0.09 LT 0.01 1.54 0.01 LT 0.01 0 .22 
Nn 0.81 LT 0.01 0.03 0.18 LT 0.01 0.27 0.04 0.05 0 .12 
Zn 0.02 0.01 0.01 0.03 0.01 0.01 0.01 0.02 0 .07 
Al 0.03 0.01 0.53 0.02 0.01 0.02 0.01 0.01 0 .20 
P 0.51 0.05 2.09 1.54 0.31 0.50 0.51 2.28 0 .25 
CI 900 13.3 32.6 680 205 111 210 309 14 .5 
Br 4.0 LT 0.1 LT 0.1 3.0 0.9 0.5 0.9 1.4 LT 0.1 
SO4 30.5 2.4 0.2 LT 0.1 7.6 0.1 0.6 15.3 2.9 
Total alkalinity (as HCO3) 88 86 342 305 90 396 180 167 92 
Acidity to pH 
(as CO2) 

8.3 10 1.6 35 16 26 127 5 2.3 6.9 
Total Silica 
(as SiC?) 80 68 113 91 94 154 50 72 137 
Nitrate K LT 0.01 0.04 LT 0.01 LT 0.01 LT 0.01 LT 0.01 LT 0.01 LT 0.01 0.06 
Nitrite N LT 0.001 LT 0.001 LT 0.001 LT 0.001 LT 0.001 LT 0.001 0.003 LT 0.001 0.001 
Ammonia N 0.04 LT 0.01 0.15 0.31 LT 0.01 0.15 0.02 0.03 0.02 
total organic N 0.12 0.17 LT 0.05 LT 0.05 0.13 0.08 0.12 0.08 0.10 
Phosphate 
(as P) LT 0.05 LT 0.05 3.2 LT 0.05 LT 0.05 LT 0.05 LT 0.05 LT 0.05 0.18 
H 2S LT 0.5 LT O.S 1.3 LT 0.5 LT 0.5 LT 0.5 LT 0.5 LT 0.5 LT 0.5 

LT • less than. for all samples Cd and Cu LT 0.01 

/ 



6. 

14 12 Table 4 gives results for the C/ C ratio of the total carbonate carbon 
13 (as per cent of the modem oxalic acid standard, P.M.C.), and 6 C w.r.t. 

PDB on the same carbon. The tritium ratio is in units of TR, where TR = 1 
18 18 

represents a T/H atom ratio of 1 x 10" . The 6 0 and 6D values of the 
water are with respect to SMOW. The 6 0 and 6 S values of the dissolved 
sulphate are with respect to SMOW and CDT respectively. 

DISCUSSION 

Water composition 

Cyclic salt in the recharge waters will contribute a small amount of 
chloride to the aquifer waters and is probably sufficient to account for 
most of the chloride in the Sapphire Springs and Memorial Park waters. 
But most of the chloride in the higher chloride waters is assumed to come 
from mixing of fresh recharge water with connate or recent sea water. 

For those waters where bromide is present above the detection limit of 
3 -3 

0.1 g/m , the mass ratio of bromide to chloride is 4.4 ± 1 x 10 indi
cating a slight enrichment in bromide relative to present-day sea water 

_3 
which has a mass ratio of 3.4 x 10 . 
The sodium and potassium levels remaining when the amounts corresponding 
to the chloride content are subtracted are assumed to be derived by 
carbonic acid attack on soil and aquifer materials. Large differences in 
the ratio of the "remaining" sodium and potassium for different waters 
probably reflect removal of potassium by existing or new mineral phases 
rather than differences in the composition of the source material. However, 
i t will be of interest to compare the water compositions with the mineralogic 
descriptions of the cores from the bores when this information is available. 

Three of the samples - Clapp, Plummers Point and Memorial Park - have low 
13 calcium and magnesium contents. If the low negative values of 5 C for 

the dissolved carbon dioxide species (Table 4) in the water from the Clapp 
13 bore is due to interaction with marine carbonates (6 C ,v0%) then there 

must be some process removing calcium from the water. Possible mechanisms 
will be investigated using mineral-solution equilibria calculations. An 
alternative explanation is that evolved methane was enriched in li^ht 
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carbon. Other features of the water from the Clapp bore are the relatively 
high aluminium and phosphate contents and the high concentration of 
dissolved organics as shown by the high value of the absorbance at 270 m. 

Redox state of ground waters 

Meteoric water undergoes a progressive change towards a chemical composition 
characteristic of reducing conditions on entering a ground-water system 
where oxidisable material is present to consume the dissolved oxygen. 
Starting from the recharge zone the expected order the compositions will 
follow, based on thermodynamic considerations, is: depletion of dissolved 
oxygen, decrease in nitrate levels and the appearance of dissolved 
manganese and iron (these two elements are usually ubiquitous in sediments), 
reduction of sulphate and low dissolved manganese and iron because solu
bilities are limited by the sulphides, an increase in dissolved manganese 
and iron when all the sulphate has been reduced, and finally under 
extremely reducing conditions the production of methane and ammonia. 
Dissolved phosphate is usually higher under reducing conditions, where i t 
is controlled by the solubility of iron, calcium or aluminium phosphates, 
than under oxidising conditions where very low levels are maintained 
probably by interaction with ferric oxides. The reducing agent in the 
aquifer is almost invariably carbonaceous matter which on oxidation 
produces carbonic acid. Increased bicarbonate alkalinities arise from 
re?ction of the carbonic acid with aquifer minerals. 

Unless the plumbing on a well-head is such as to completely exclude 
atmospheric contamination, redox characterisation of waters containing 
low dissolved oxygen levels is more dependably made by considering the 
other species subject to redox reactions, rather than a direct measurement 
of dissolved oxygen. 

Classification of waters in redox scheme 

Water from the Sapphire Springs bore has not been greatly depleted in 
dissolved oxygen as indicated by the presence of nitrate but no ammonia, 
the absence of dissolved iron and manganese, and appreciable sulphate in 
relation to the chloride value. This small amount of progress along the 
redox pathway is probably a consequence of the low level of dissolved 



8. 

or games, as shown by the very low value of the absorbance at 270 nm, 
indicating a sparseness of carbonaceous material in this part of the 
aquifer, and related to this bore being close to its likely recharge zone. 

Sika Motel water is further alcng the redox pathway in that nitrate is 
below the detection limit, but the ammonia production stage has not been 
reached which is in accord with some sulphate being present. Though no 
hydrogen sulphide was detected the manganese and iron values, being below 
the detection limit, suggest sulphate reduction may have commenced. 

3 
The other three bores with sulphate levels above 1 g/m , Willow Park, 
Plummers Point and Memorial Park, have detectable amounts of ammonia and 
manganese and/or iron indicating aquifer conditions are reducing but less 
than that required for sulphate reduction. Minor amounts of ammonia in 
waters in which sulphate reduction has not commenced are attributed to 
mineralisation of organic nitrogen. 

Sulphate reduction has certainly occurred for the Clapp, Fernland and 
3 

Maketu bores which have sulphate values, as analysed, of 0.2 g/m or 
less. Hydrogen sulphide was detected chemically, or by smell, only for 
the Clapp bore but i t is suspected the sulphate determined for this and 
also the Maketu bore arose from oxidation of dissolved hydrogen sulphide 
after sample collection. 

For natural waters the absorbance at 270 nm is usually due to humic 
material, the value of 0.82 for the Clapp bore would correspond to a humic 

3 
acid content of about 24 g/m , which is in reasonable agreement with the 

3 3 
value of 17 g/m calculated from the chemical oxygen demand of 44 g/m 
assuming humic acid to be (C5H5OW) (Stumm and Morgan, 1970). 

The above assessment of the redox state of the waters i s , with the excep
tion of the Plummers Point sample, in accord with the gas analyses, 
methane being present in all the highly reducing waters. The presence of 

3 
15.3 g/m sulphate in the Plummers Point water suggests i t has not yet 
reached the state where methane generation is to be expected yet 14,8 ml 
of methane per litre of water was found. A possible explanation is that 
this bore draws on two types of water, one highly reducing and containing 



Table 3: Dissolved gas contents of samples collected near Tauranga 

Sample 
N 2 Ar °2 c ml n / l 

CH4 

H20* 
Total 

Excess 
N2 *"c(co 2) 

°/oo £ 

2 2 2 Rn 
pCi/fc H20 

Willow Park 17.9 0.384 0.4 nd 18.7 nd -19.3 41 ± 4 
Sapphire Springs 17.3 0.387 3.9 nd 21.6 nd -21.4 43 t 4 
Clapp 11.6 0.386* 0.4 17.7 30.1 -6.1 - 217 ± 19 
Fernland Spa 57.0 0,386* 0.7 1.7 59.8 +39.3 - 53 ± 5 
Sika Motel 17.8 0.376 0.5 nd 18.6 nd - 63 ± 6 
Maketu Hot Pools 18.3 0.386* 2.9 12.4 34.0 +0.6 - 49 ± 5 
Welcome Bay 

Hot Pools 
20.3 0.386* 0.4 1.3 22.4 +2.6 - 76 ± 7 

Plummers Point 25.3 0.386* 0.4 14.8 40.9 +7.6 - 51 i 5 
Memorial Park 17.6 0.395 0,4 nd 18.4 nd -20.4 216 ± 18 

* denotes assumed values 
nd means not detected 
- means not measured 
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methane, and one less reducing containing sulphate, with mixing occurring 
in the bore pipe. Considering all nine bores there is a trend of de
creasing total organic nitrogen as the absorbance at 270 nm increases. 
Note that the absorbance at 270 nm is a measure of polyphenolic and other 
aromatic compounds rather than total dissolved organics. The low value 

3 
(<0.05 g/m ) for the total organic nitrogen for the Clapp bore indicates 
the humic material in this water contains considerably less nitrogen than 
the literature formula of (C5H5ON) used above which would correspond to 
a total organic nitrogen content of 2.2 g/m . Other reasonable choices 
for the composition of humic acid would not greatly influence the calcul
ated humic acid content based on the chemical oxygen demand. 

There is a general correlation between calculated ages (Table 5) and 
progress along the redox pathway, however, in view of the comparable redox 
range of waters found in the Hutt Valley ground-water system (Downes, 
1981) where the maximum age is probably less than 10 years, the factor 
controlling progress for the Bay of Plenty waters must be the spatial 
distribution of reactive organic matter in the aquifer rather than 
reaction time. 

Gas abundances 

The dissolved gases fall into two groups based on the presence or absence 
of methane (Table 3). Only Sapphire Spring (of the methane-free waters) 
and Maketu Hot Pools (of the methane-bearing waters) contained dissolved 
oxygen; the rest were 0.4-0.7 mln/l H20, which is the background level of 
the mass spectrometer. (The Maketu water should not contain oxygen unless 
there was mixing of oxygenated ground water with the thermal water at 
shallow levels or contamination with air during sampling.) The Sapphire 
Spring water is not saturated with oxygen at atmospheric pressure, indi
cating some consumption of oxygen by redox reactions. 

Nitrogen is plotted against argon for the four methane-free waters 1n 
Fig. 2, which also shows the gas contents expected for water saturated 
with air at different temperatures (denoted by asw in Fig. 2) and for air 
saturated water with 10 ml / l H20 of excess air (asw + 10 ml /l H20). 
It can be seen that the four waters are enriched in nitrogen and possibly 
in argon compared with air saturated water at reasonable recharge 



0.3h 

Nitrogen ml n /I H 2 0 
Fiqure 2: Aroon and nitrogen contents of water samples from the Tauranqa 

reoion. .The oas contents of water saturated with air (asw) and 
asw. with 10 ml / l H20 of excess air. are shown. 

/ 
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temperatures (14-11°C in the altitude range 0-500 m). Possible explan
ations for this enrichment are: (1) the waters carry air bubbles with 
them during the recharge process, which go into solution as the pressure 
increases underground (Heaton and Vogel, 1981). (This would amount to 
about 6 ml / I HpO (Fig. 2 ) . ) ; (2) The method of sampling (into evacuated 
flasks) causes enrichment of the dissolved gas during sampling; or 
(3) only nitrogen is enriched and this is caused by chemical processes in 
the aquifer. These different possibilities will be investigated further. 

The methane-bearing waters also contain excess nitrogen (except Clapp) 
compared with the methane-free waters, assuming that argon is present in 
the same concentration as in the methane-free waters. Nitrogen is produced 
by reduction of NO? and organic nitrogen in the aquifer; but can possibly also be 
consumed to form NH, in more highly reducing conditions (e.g. Clapp). 

Radon 

222 The abundance of Rn is also given in Table 3. Radon-222 is generated 
by a-decay of radium-226, an element with a geochemical aff ini ty for 
calcium, and has a four-day hal f - l i fe . The abundances are low (about 
50 pCi/1 H20) for all samples except those from Clapp and Memorial Park, 
which are about a factor of four higher. These two wells had to be turned 
on for sampling and,although they were allowed to discharge for /4 and 
3 hours respectively before sampling,had been closed for considerable time. 
The high radon levels in these cases are thought to have resulted from 
radon-rich water being extracted from fine fractures near the well when 
pumping commences, while open-well conditions may lead to water being 
drawn from larger fractures where i t is in less intimate contact with 
the rock. 

The low levels of radon observed in other wells is similar to that 
observed in some New Zealand streams, and lower than normal groundwaters. 
Further measurements of radioactive elements in the rocks would be required 
to discuss this further. 



Table 4: Isotopic results for samples collected near Tauranga 

Water Sulphate 
Sample 1 4 C 

PMC* 

6 1 3 C 

°/00 

Tritium 
content 

TR 

6 1 8 0 

°/00 

5D 

°/00 

6 1 8 0 

°/00 

6 3 4 S 

°/00 

Willow Park 19.2 -17.6 0.052 ± 0.006 -5.63 -33.7 8.8 . 

Sapphire Springs 65.1 -20.5 0.026 ±0 .005 -5.88 -32.2 6.9 14.0 
Clapp 1.0 -5.6 0.007 ± 0.005 -6.25 -35.8 - w 

Femland Spa 8.5 -10.6 0.043 ± 0.007 -5.70 -34.2 - -

Sika Motel 45.1 -18.8 0.042 ± 0.008 -5.54 -33.8 9.1 -

Maketu Hot Pool 2.8 -6.9 0.030 ± 0.005 -5.55 -32.4 - -

Welcome Bay 10.5 -10.5 0.014 ± 0.006 -5.71 -33.0 4.1 12.5 
Plummers Point 5.3 -17.1 0.059 ± 0.006 -6.24 -35.0 13.1 16.6 
Memorial Park 30.9 -20.0 0.059 ± 0.006 -5.42 -30.8 - -

Sea water 10.2 20.3 

*PMC is percent modern carbon 

/ 
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Carbon-14 content 

The carbon-14 contents of the samples show a wide range (from 1 to 65 PMC; 
Table 4*. Rain water in the period before nuclear weapons had C/ C 
ratios of about 100 PMC. On passing through the so i l , recharge waters 
dissolve C02 respired by plant roots (with 1 4 C/ 1 2 C ^100 PMC), which then 
attack carbonate minerals in the soil and aquifer rocks via the reaction 

C02 + H20 + CaC03 -»• 2HCO3 + C a + + * 
14 12 Such carbonates contain l i t t l e carbon-14 and the C/ C ratio of the 

dissolved bicarbonate consequently decreases. Further reactions in the 
aquifer cause further solution of carbonate minerals and there i s also a 
possibility of carbon-14 exchange between carbonate minerals and dissolved 
bicarbonate. We can make approximate corrections for these effects in 
two ways. 

In the f irst method, the total amount of C ('total C ) is calculated 
14 12 by multiplying the C/ C ratio by the total CO, concentration (which is 

12 proportional to the total amount of C). This figure is not changed by 
14 solution of carbonate minerals since no C is added to the system; 

however, i t assumes that no carbon-14 i s lost by exchange with or precipi-
14 tation of carbonate minerals. Decrease of 'total C is by radioactive 

decay only and apparent ages can be calculated from the fraction of 'total 
14 C remaining. These are given in Table 5. The values assumed for young 
groundwater are consistent with previous unpublished work and give 
Sapphire Spring waters an apparent age of about 2000 years (a value which 
is not inconsistent with the tritium measurement). 

13 In the second method, the 6 C value is used to estimate changes in the 
14 12 13 

C/ C ratio, assuming that the isotopic behaviour of C reflects that 
of C in every way exceot radioactive decay (IAEA, 1983). Then the 
fraction f of carbon from fresh groundwater is 

* - 60 - 'Smi'n 
6f - 6min 

(fresh groundwater being recharge water of zero age which has passed 
through the soil layer and reacted with carbonate minerals). 60 is the 

13 
measured fl C value of the sample, 6f that of fresh groundwater and 6min 
that of a mineral. Values of f assuming 6f = -22%o and 6min = 0%o 



Table 5: Carbon-14 apparent ages calculated by two correction methods (see text) 

Sample 
Total 

carbon 
g/m3 

1 4 c 
PMC 

'Total 1 4 C Fraction Calculated 
age (1) 
yr 

6 1 3 C 

°/00 

f Calculated 
age (2) 
yr 

Willow Park 20.0 19.2 3.84 0.261 11,100 -19.3* 0.88 10,200 
Sapphire Springs 17.4 65.1 11.33 0.767 2,200 -21.4* 0.97 2,000 
Clapp 76.8 1.0 0.768 0.052 24,400 -5.6 0.25 25,300 
Femland Spa 64.3 8.5 5.47 0.371 8,150 -10.6 0.48 12,800 
Sika Motel 24.8 45.1 11.21 0.759 2,300 -18.8 0.85 3,900 
Maketu Hot Pool 112.6 2.8 3.16 0.214 12,700 -6.9 0.31 18,500 
Welcome Bay 36.7 10.5 3.85 0.261 11,100 -10.5 0.48 11,100 
Plummers Point 33.5 5.3 1.78 0.120 17,500 -17.1 0.78 20,500 
Memorial Park 20.0 30.9 6.19 0.420 7,150 -20.4* 0.93 7,800 

Estimated fresh 
groundwater 17.4 85 14.76 1.000 0 -22 1.00 0 

•Values from Table 3 
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(typical of marine limestone) are given in Table 5. Apparent ages calcul-
14 12 ated from these are based on fresh groundwater having C/ C = 85 PMC 

(the same as that used in the first method). (Soil CCL from plant roots 
with 1 4 C/ 1 2 C = 100 PMC has 61 3C = -26°/oo.) 

One of the largest uncertainties affecting both methods involves the 
14 12 C/ C ratio assumed for fresh groundwater. If this can be assumed to 
be approximately the same for all of the waters, then the youngest water 
(Sapphire Spring) gives the minimum value this can have. Such an initial 
ratio would give age estimates 2000 years less than those given in Table 5, 
a relatively insignificant amount for the older waters. In fact, the 
tritium content of Sapphire Springs water indicates residence times of 
a few hundred years or more. 

13 Uncertainties affecting the 6 C method are due to the presence of methane 
in some waters and to loss of C09 by splashing during sample collection. 

13 Generation of methane may have an effect on the 6 C of bicarbonate 
13 because C02 is generated with CH. and its C content should be high 

since that of methane formed at low temperatures is expected to be very 
low. Further discussion of this mechanism is beyond the scope of this 

13 report, but this effect would cause greater apparent ages by the 8 C 
method (as observed for the methane-bearing waters from Fernland Spa, 
Maketu Hot Pool, Plummers Point and slightly for Clapp). The magnitude 

13 of C enrichment due to loss of C09 by splashing can be seen by comparing 
13 the 6 C values obtained from the dissolved gas samples (Table 3) and 

the 1 4C samples (Table 4). The differences in 6 C are 1.7, 0.9 and 
0.4%o for Willow Park, Sapphire Springs and Memorial Park respectively. 

n 13 
The mean difference of lyoo adds 400 years on to the C apparent ages. 

- 14 The largest potential source of error for the total C method involves 
14 loss of C by exchange with the rocks and consequently greater apparent 

water ages. This would be reflected by larger correction factors and 
13 younger apparent ages by the C method, so concordance between the methods 

tends to reduce this uncertainty. 

The two sets of apparent ages are reasonably consistent with Fernland Spa, 
Maketu and Plummers Point giving the most different values. It is unlikely 
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that more detailed chemical modelling will give greatly different age 
interpretations. In overseas work (Gat, 1982), waters identified as 

14 12 Pleistocene in age have uncorrected C/ C ratios of 6 PMC and below. 
Three of the present waters are in this category (Table 5). Apparent ages 
given in Table 5 are ages calculated assuming pipe ficw ( i .e . there is no 
mixing of waters of different ages within the water system). However, 
groundwaters (particularly old ones) generally show a spectrum of ages 
and the mean residence time depends on the particular age distribution 
present; for the same carbon-14 content the mean residence time would be 
much greater for a one-box model (all recharge is mixed throughout the 
entire aquifer) than for a pipemodel. Further discussion of these results 
will be given elsewhere. 

TRITIUM 

The tritium measurements reported in Table 4 have been nr-Je by combining 
the high degree of enrichment of the INS system with the very low-
background gas proportional counters at the Physikalisches Institut, 
University of Bern; this accounts for the quoted standard errors being 
about 16 times lower than we can routinely achieve with liquid scintillation 
counting. This group of samples was specifically chosen as being very 
likely, on the basis of earlier measurements, to offer th* chance to see 
whether the combination of our two techniques might in fact yield an 
average result within statistical error of TR = 0. The mean result 
obtained is TR = 0.034 +0.002, the maximum departure of individual 
results from this value being 5.4o on the negative side and 4.2o on the 
positive side; the results therefore do not indicate a homogeneous body 
of water with the above mean TR-value. A detailed interpretation of these 
results is not possible because the tritium expressed by the results may 
originate from sources other than recharge to the "aquifer. These other 
possible sources are: 

(a) Tritium acquired during sampling, whether by admixture of recent water 
at the sampling point or due to any error of sampling procedure. 
(Admixture of recent water is unlikely because the bottles were 
flushed with the water to be sampled before sampling and the gas 
analyses showed that no fresh water or air was getting into the 
discharges of all except Maketu.) 
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(b) Tritium acquired by any evaporation from the collection bottle prior 
to measurement: this cause is unlikely because of strict procedure 
checks by weighing. 

(c) Tritium acquired during the measurement through added chemicals, or 
memory effects in enrichment and counting equipment. 

(d) Tritium acquired by nuclear reactions in the aquifer materials; this 
can be assessed in principle, i f we know the chemical composition and 
physical properties (porosity, etc.) of the aquifer rocks. 

The measured tritium values establish upper bounds for the actual amounts 
of precipitation-recharged tritium remaining in these waters. Any post-
thermonuclear water present ( i .e. post-1955) represents less than 0.5%. 
The residence times of the reservoir or reservoirs trapped by these wells 
must be of order at least several hundreds of years. I t is noteworthy 
that the youngest waters from the carbon-14 age estimates (Sapphire 
Springs and Sika Hotel) do not have the highest tritium contents. This, 
together with the old carbon-14 ages observed, suggest that the tritium 
present does not in fact originate from recharge to the system, but is 
derived from one or more of the sources (a) to (d) above. 
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Stable isotopes in water 

The 6D and values are plotted against eacn other in Fig. 3. All 
points l ie on the 'meteoric water line', characteristic of New Zealand 
rainfall. Other points are plotted for geothermal waters at Kawerau, 
Waiotapu and Wairakei; these show enrichment in oxygei-18 because of 
isotopic exchange between water and rock, while their 6D values are equal 
to those of local rainwater which recharge the geothermal systems. The 
lack of an oxygen-18 'shift' for the Tauranga waters implies that they 
are not mixtures of hot geothermal water with cold groundwater. Instead, 
the waters derive heat by deep circulation in an elevated temperature 
gradient. 

The two oldest waters (Clapp and Plummers Point) are slightly depleted 
in oxygen-18 and deuterium compared with the other samples. The difference 
is not great, but this is another pointer to an origin during late 
Pleistocene or eariy Holocene when the climate was ccoler than today, and 
consequently the 6 0 and 6D values were more negative than those of 
present-day rainfall. 

Stable isotopes in sulphate 

The 6 0 and 6 S values for some of the samples are reported in Tabid 4. 
The other samples either had too l i t t l e S04 to give a reliable analysis 
or the sample was lost during processing. Sulphate in the groundwater 
is derived from cyclic salt (i.e. transported from the sea by atmospheric 
processes) or by reaction with soils (fertilisers) or rocks. Sea water 
sulphate has a composition 6 0 = +10.2%o, 6 S = +20.3°/oo . Sapphire 



16. 

Springs sulphate (6 0 = + 6 . 9 % o , 6 S = +14.0°/oo) ref lects a mixture 
between sea water and soil sources. Willow Park, Sika Motel and Piummers 
Point have values nearer sea water sulphate composition, althougn they may 
have been a f tec ted by bacterial reduction effects which w i l l cause a 
f ract ionat ion. Welcome Bay has values more typical of freshwater sulphates 
in streams (Stewart and Downes, 1981). 

SUMMARY 

This report has described measurements on samples from deep wells in the 

Tauranga and NaKetu Basins and discusses the results b r i e f l y . The waters 

show an interesting progression from Tresh oxygenated water (Sapphire 

Springs) to water containing highly reduced species (Clapp) mainly 

depending on the ava i l ab i l i t y of organic matter in the flow paths. Ion 

contents are also affected by mixing with sea water contained within the 

reservoir rocks. Such sea water appears to have reacted with the rocks 

before mixing with fresh water. Dissolved gas compositions are in accord 

with the redox scheme indicated by the chemical compositions with the 

exception of the Piummers Point sample. Excess a i r may be present, but 

further experimentation is required to eliminate a l ternat ive hypotheses. 

Carbon-14 measurements corrected by two approximate methods have indicated 

that the waters have long residence times and some may date from the 
18 Pleistocene. These oldest waters have sl ight ly more negative 6 0 and 6D 

values than the younger samples, suggesting recharge during a cooler 

climate. Sery low t r i t ium contents support the long residence times. 

Radon-222 and staole isotope measurements on dissolved sulphate are b r i e f l y 

discussed. 
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