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INTRODUCTION 

Geology of Rotorua D i s t r i c t 

The lakes of the Rotorua d i s t r i c t (F ig . 1) l i e within the diverse 

volcanic terrain of the Central Volcanic Region, North Is land, New 

Zealand. Most of the volcanic rocks of the region have been erupted 

from the Taupo Volcanic Zone, which extends in an axial be l t north

eastwards from Mt Ruapehu t o White Is land (F ig . 2 ) . The Jurassic 

greywacke basement (Healy et a l . , 1964) i s down-faulted thousands of 

metres below the Taupo Volcanic Zone, and i s overlain by volcanic rocks 

which lap several tens of km over the higher basement areas to east and 

west (Fig . 2 ) . The most widely-dis tr ibuted volcanic rocks are several 

plateau ignimbrites of P le i s tocene age, welded in t h e i r lower parts , 

extending up to 100 km from source,and having volumes commonly exceeding 

200 km (Healy, 1963). Later volcamem has extruded rhyol i te domes and 

loose ly compacted pumice brecc ias of pyroclast ic flow o r i g i n . The whole 

region i s mantled by up to 30 m of l a te Quaternary pumiceous tephras. 



The hydrology of Rotorua district i s dominated by a group of 

lakes of volcanic origin; by catchaents in which perennial surface 

runoff i s minimal; by large clear-water springs; uid by many centres 

of hydrothermal act ivity . Many of the lakes are associated, with the 

rhyolitic Okataina Volcanic Centre and the associated Haroharo Caldera 

(Pig. 1) (Healy, 1964). Lakes Okataina, Rotoehu, Rctoma, and the 

eastern end of Lake Rotoiti are lakes on the margins of Tferoharo Caldera, 

formed by damming against rhyolite lava flows on the caldera floor. 

Lake Tarawera occupies the southern part of Haroharo Caldera, blocked 

off at i t s eastern end by coalescing lava flows from Tarawera and Haroharo 

volcanic complexes. Lakes Rotokakahi, Tikitapu and Okareka occupy 

valleys dammed by lava flows. Lake Rotcrua occupies a caldera resulting 

from subsidence following voluminous ignimbrite eruption; f l ights of 

terraces up to 100 m above the present lake indicate progressive decline 

in lake leve ls . The lake sediments underlying these terraces (Pig. 1) 

contain some of the least permeable beds in the entire Rotorua region. 

Throughout much of the region, the highly porous nature of the surface 

ash cover and the frequently jointed nature of the underlying volcanic 

rock result in a faidy deep water table, particularly on the Namaku 

ignimbrite plateau. Surface drainage in the lake catchments i s mainly 

by small streams which have their origin as springs. In many cases 

these springs occur at the outcrop of geological contacts over an under

lying less permeable bed. Other springs occur at the intersection of 

near-surface water tables with the dissected ground surface. Many of 

the lakes have no surface outlets . Springs emerging near to and below 

these lakes have been considered to represent sub-surface lake drainage. 

The lake surfaces l i e within a narrow altitude rang* (Lake Rotoiti 

279 • t° Lake Hgapouri, 477 n above msl). In general the catchments 
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are small re la t ive to lake area (Table 1 ) , and a lso cover a f a i r l y 

narrow a l t i tude range. 

Soope of t h i s Study. 

This paper presents an i n i t i a l survey of the i s o t o p i c charac ter i s t i c s 

of non-hydrothermal waters of the Rotorua region. Measurements of 

deuterium (D), oxygen-l8 ( 0) and tritium (T) have been performed on 

samples c o l l e c t e d between 1970 and 1973. Some major springs emerging 

c lo se to land-locked lakes have been ident i f i ed as containing mixtures 

of lake-derived water and precipi tat ion-derived recharge in the catchments 

between lakes and the springs . The stable isotope composition of 

precipitation-recharged groundwaters occupies a f a i r l y narrow range, 

but i s nevertheless separable into two d i s t inc t i so topic f a m i l i e s . The 

circumstances leading to these i so top ic dif ferences are not yet f u l l y 

understood, and wi l l require further inves t iga t ion . 

Tritium concentrations are interpreted by reference to the f a l l o u t 

history of thermonuclear HTO, as depicted in the annual means for 

Kaitoke (41 .1°S, 175°E) in Pig. 3 . 

This preliminary assessment suggests further problems for study, 

and provides re l iable i so top ic data which are e s sent ia l background 

material for any future i so topic invest igat ion of the hydrothermal 

waters. 

Isotopic Measurements and Uni ts . 

Waters undergo three successive stages of batch e l e c t r o l y t i c 

enrichment from 4500 ml s tar t ing volume to 1 ml f inal sample. The 

tritium enrichment i s ca . x 2000. After conversion t o hydrogen over 

a granulated zinc-sand mixture (Taylor, 1973a) at 450 C, the enriched 

samples are counted in cy l indrica l s t a i n l e s s - s t e e l Ueiger counttrs 

(volume350ml, f i l l i n g 435 torr hydrogen 15 torr ethylamine, background about i cpm) 
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using additional electronic quenching and standard shielding and ring 

anti-coincidence techniques. Pour counters can be counted simultaneously 

within the same ring. After full enrichment the net count rate i s about 

1.4 cpm per TU of original sample. 

Tritium concentrations are expressed in the usual Tritium Units 
—18 (TU). 1 TU represents a T/H ratio of 10~ , corresponding to an activity 

of 7.2 dpm per l i tre of water. 

0xygen-l8 measurements are performed by the conventional Epstein-

Maveda technique (Epstein and Mayeda, 1953) ir which the waters, together 

with a number of laboratory working standards as controls, are equilibrated 

with CO., gas at 30 C. Small fractions of the equilibrated C0„ gases 

are then analysed in a double focussing mass spectrometer of the Nier 

type. Pull details of the techniques are given in Taylor and Rulston 

',1972) and Taylor (1973b). 

Deuterium measurements are performed on hydrogen gas prepared by 

the same Zn-sand technique used for tritium measurements, the mass 

spectrometry being performed on another mass spectrometer using separate 

collectors for masses 2 and 3* For the small deuterium samples (ca. 25 mg 

water), a slight memory effect i s inherent in the chemical preparation 

of the hydrogen gas. 

Both deuterium and oxygen-18 concentrations are expressed as 

6-valuee,representing the difference in parts per thousand between the 
1H 1 ft 

D/H or 0 / 0 ratio of the sample and that of the internationally-

accepted Standard Mean Ocean Water (SMOW) (Craig, 1961a). Thus if R 
1 ft l ft 

represents the D/H (or 0/ 0)ratio of the sample and R,,,,.,, that of 
SHUN 

SMOW 

6 « {-— 1) x 1000 
SMOW 
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•JATCHMEN. ;:TDH0L03Y OF LAKE HOTORUA. 

Stream Drainage. 

A r.'unber of streams dram the Mamaku ignimbrite plateau, which 

surrounds .-nuch of the lake, and flow across the be l t of lake terrace 

sediments (Fig . 4 ) . Major springs emerge c lose to the north-western 

shore. Drainage from the prominent rhyol i te dome Mt. Ngongotaha (737 m) 

occurs from springs on the lower slopes which feed the streams at i t s 

base. Some streams are appreciably influenced by drainage from hydro-

thermal areas, e . g . Puarenga Stream passes through Whakarewarewa thermal 

area, and Waiohewa stream rece ives some of i t s flow from Tikitere 

thermal area; both streams exhibit enriched stable i so tcp ic composition 

due to admixture of thermal waters. 

Ieotopic Data for Lake Rotorua Catchment. 

Isotopic data for the Lake Rotorua catchment are presented fu l ly 

in Table 2. Springs on the sub-catchments adjacent to Lake Rotokawau 

(Fig. 4) are excluded for the time being, because they might include 

some component of water from that lake, and therefore bhow stable isotope 

enrichment character i s t i c of evaporated waters. This part of i;he catchment 

wi l l be discussed in a l a t e r sec t ion . 

Mean Stable Isotope Composition for Lake Rotorua Catchment. 

By s e l e c t i n g springs and the base flows of streams of appreciable 

tritium age ( a r b i t r a r i l y token as trit ium concentration l e s s than 50/fe 

of mean ambient l e v e l ) and without influence of thermal waters, a mean 
•I Q 

stable isotopic composition 6( 0) - -6.08, 6(D) - -34-2 was deduced for 

the groundwater drainage of Lake Rotorua catchment (Table 3). The spread 

of Isotopic composition within this set of samples is not significantly 

greater than experimental error, indicating that these groundwaters may 

be oonsidered to be a distinct lsotopio family, characteristic of mean 
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groundwaier recharge in t h i s part of the Roto ma region. They are 

certa in ly of the c l a s s of meteoric waters which have not been subjected 

to s ignif icant i so top ic enrichment by evaporation, and should therefore 
lfi 

adhere to the world-wide corre lat ion between 6( 0) and 6(D) 

6(D) = 8 6 ( l 8 0 ) + d 

18 
(Craig, 1961b; Dansgaard, 1964). In a l inear 6( 0 ) , 6(B) - diagram, 

the gradient 8 of t h i s s o - c a l l e d meteoric water l i n e r e f l e c t s the 

re la t ive changes of the two i sotopes during progressive condensation 

processes i n which atmospheric vapour and condensate are always in 

lBotopic equilibrium, and appl ies over a wide temperature range. A 

similar re lat ionship e x i s t s for atmospheric vapours of widely d i f f er ing 

or ig in and i sotopic deplet ion (Taylor, 1972). The intercept d i s about 

+10 on the SNOW s c a l e , and r e f l e c t s a number of processes in the i n t e r 

mediate stages between ocean and meteoric water, but the p o s i t i v e s ign 

bas ica l ly r e s u l t s from the extra i so top ic separation involved in 

evaporation at the ocean surface.which i s a non-equilibrium process 

(Craig and Gordon, 19^5)• 

Stable Isotope Composition of Meteoric Waters in Rotorua Region. 
18 For the Rotorua region, an area of the 6( 0 ) , 5(D)-diagram iray 

now be designated for meteoric waters, by extending a l i n e of gradient 8 

from the mean value ( - 6 . 0 8 , -34 .2) deduced above for the Lake Rotorua 

catchment springs and Btream flows (P ig . 5 ) . In t h i s case the intercept 
18 i s +14.4. The meteoric water f i e l d in the 6( ) , 6(D) diagram i s then 

defined more broadly by extending a pencil of gradient 8 from the 

extremes of the set of i so top ic values used for the ca lcu lat ion of the 

mean value of the Rotorua catchment (Table 4 ) . The breadth of t h i s 
I ft 

pencil i s Q.jJcQ in 6( 0) and 4^0 in 6(D), corresponding roughly to the 

range of experiaental error in both i so topes . 
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Other Meteoric Waters measured in this Study. 

Four other isotopic compositions from this investigation definitely 

represent meteoric waters. These are the rainwater from the storm of 

o May 1970, and the three values for Ohanui Stream (Table 7) which 

•zhibit ambient tritium concentration, and therefore represent drainage 

of recent precipitation. All four stable isotope compositions lie 

within the proposed meteoric pencil (Fig. 5)i which will be used in 

the following sections for the assessment of the data of other waters 

in the Rotorua region. 

Surface Runoff in Lake Rotorua Catchment; Data from Storm of 8 May 1970. 

Ii. general, apart from the lake terraces surrounding Lake Rotorua, 

the porous and permeable nature of the volcanic terrain are not conducive 

to surface runoff. On 8 May 1970, a storm of sufficient magnitude 

occurred which raised the stream flows in the Lake Rotorua catchment to 

an abnormally high level. A comparison of isotopic compositions of 

stream base flow, flood flow and precipitation can in principle provide 

an assessment of the contribution of surface runoff to the increased 

flows (Mook et ml., 1974). In this method the isotopic composition 

(stable isotopes and tritium) of the flood flow should be intermediate 

between those of the base flow and the contributing precipitation. 

The limited isotopic data obtained for the Rotorua storm of 8 May 

1970, serve to illustrate that the assessment of surface runoff by this 

method may produce completely incorrect results if the sampling of 

precipitation and stream flow is not performed in sufficient detail. 

In principle two causes for increased stream flov from the catchment 

can be envisaged. Firstly, penetration of newly-precipitated water 

to the water table can cause increased groundwater discharge to the 

streams at lower levels by a simple hydraulic effect. This effect is 



manifested isotopically by the maintenance of the base flow isotopic 

composition despite the increased flow. Secondly, surface runoff can 

occur, either after the surface cover becomes Saturated or else because 

of its low transmissivity. In this case isotopic changes in the stream 

flow are to be expected, provided sufficient isotopic contrast exists 

between the contributing precipitation and the stream base flow. In 

the investigation at Rotorua the streams were sampled close to their 

peak flow, the total flow being such that the base flow was a very 

ainor component^'data in Table 2). The tritium concentrations adjusted 

in most cases to that of the total precipitation, in two cases not 
lft quite so high. However, whereas the 6( 0) of the total rainwater was 

more negative (-6.̂ /!o) than the stream base flows (mean -6.1,£o), the 

flood flows in every case exhibited displacement in the positive direction. 

Tf. .; apparent contradiction is undoubtedly a consequence of the variation 

of stable isotopic composition of the precipitation during the course 

of the storm (Dansgaard 1561, Ehhalt et al. 1963), 

the surface runoff originating from the later stages of the storm, after 

the early precipitation has been taken up by the initially under-saturated 

surface cover. 

The example suggests that this isotopic method of measuring surface 

runoff requires closely spaced sampling of precipitation and streams 

throughout the storm period, supplemented by parallel precipitation 

quantity and stream hydrograph measurements. Such detailed sampling 

must be performed before isotopic balance equations for the system 

can be solved with any degree of certainty to determine the relative 

contribution of surface runoff and groundwater to the increased stream 

flow. 
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Streams draining Thermal Regions. 

fwo streams feeding Lake Rotorua-Puarenga Stream and Waiohewa Stream 

derive s igni f icant proportions (about 8/£ and 10>J respect ive ly ) of t h e i r 

waters from thermal regions . Their i so top ic compositions are discussed 

i n Table 3. These enriched contributions t o the t o t a l stream input 

flow to the Lake are i n s u f f i c i e n t to o f f s e t the overal l i so top ic 

composition s ign i f i cant ly away from the value deduced from Table 3 . 

ISOTOPIC COMPOSITION OF THE ROTORUA DISTRICT LAKES. 

Physical Features. 

Table 1 summarises the known physical information of the lakes . 

Other information can be found in Pit tarns (1966) , Jo l ly (1968) and 

Pish (1970) . Most of the lakes are s u f f i c i e n t l y deep t o develop 

s t r a t i f i c a t i o n during the summer months. They belong t o the c l a s s 

termed "warm monomictic" by Hutchinson (1957) , i . e . , water never below 

4 C at any l e v e l , free ly c i r c u l a t i n g in winter at or above 4 C, d i rec t ly 

s t r a t i f i e d in summer. Lake temperatures were recorded by J o l l y (1968): 

summer maxima are typ i ca l l y about 20 C and winter minima about 6-11 C. 

Lakes Rotoehu and Rotorua are shallow and homothermous. Only two 

lakes show complex structure: Lake Rotoit i has a main basin of type 

warm monomictic, whereas the shallow western basin i s homothermous and 

may be considered to represent a portion of the Lake Rotorua out le t 

channel (Ohau Channel - Lake Rotoiti western basin - Kaituna R.): the 

main shallow portion ot Lake Rerewhakaaitu i s homothermous, but the 

Crater Bay western arm has depth ca. 30 m and i s warm monomiciic. 

Stable Isotopic Composition. 

All New Zealand lakes so far measured exhibit no marked i so top ic 

gradients with depth. This means that measurable increments of i sotopic 
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lb change (T, D or C) do not accrue in either hypolimnion or epilimnion 

during summer stratification, and the lakes turn over completely during 
1 H 

winter. I t appears that summer changes of 6( 0) and o(D) in the 

epilimnion are l e s s than 0.7«o and 4 ;0 respect ive ly; no gradients of 

trit ium concentration with depth have been recorded. 

All the Rotorua lake? are enriched in 0 and D r e l a t i v e to mean 

input water ( f u l l d e t a i l s in Table 4 ) . For a l l water molecules in a 

lake there i s a certain probabil i ty that evaporation rather than outflow 

w i l l occur. Due to vapour pressure dif ferences , the probabil i ty that 
l ft i ft 

HD C and H, 0 w i l l be evaporated from the water surface i s lower than 

for H_ 0,wha»s for condensation the reverse i s true. Thus in the net 

process of evaporation the lake may become enriched or depleted in D 
18 and 0 depending on the i so top ic composition of the atmospheric vapour 

la t ive to that of the lake . In almost a l l cases enrichment r e s u l t s . 
i ft 

In the l inear 5( 0 ) , 5(B) formulation the process of evaporation into 

a non-saturated atmosphere causes lakes to occupy enriched pos i t ions 

which may be connected to t h e i r mean input waters along l i n e s of s lope 

4 -6 . This s i tuat ion contrasts with condensation and evaporation in 

equilibrium condit ions in which the changes in i sotopic composition occur 

along l i n e s of slope ti. The evaporation phenomenon has been extens ive ly 

reported i n the l i t e ra ture ( e . g . Craig et a l . , 1963; Craig and 

Gordon, 1965; Ehhalt and Knott, 19&5; Clat, 1970 and 1971), and receives 

further confirmation in the o-values measured for th* Rotorua d i s t r i c t 

l akes . In ? ig . 0, :,-values for 13 lakes are displayed r e l a t i v e to the 

mean groundwater recharge composition deduced by Lake Rotorua catchment. 

12of the lakes l i e within a pencil of gradient 4-6 extending from the 

mean recharge. The maximum j( 0) enrichment i s ypo (Lake Tiki tapu) . 

Each lake i sotopic composition i s the end result of a complex interplay 

of hydrologioal, meteorological and i sotopic factors . No simple 
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empirical relationships appear to exist between the stable isotopic 

composition and the known parameters. At the present time it seems 

doubtful whether a Btudy of the isotopic balances of these lakes is 

feasible. One difficulty specific to Rotorua dirtrict lies in the 

fact that geographical catchment area estimates in regions containing 

such depths of permeable volcanic rock are unlikely to be accurate, 

so that total input of water to the lakes cannot be estimated. For the 

purposes of the present paper the usefulness of the stable isotopic 

compositions of the lakes lies in their possible contribution to 

groundwater and springs through sub-surface drainage. 

Tritium Concentrations. 

Prom the standpoint of tritium concentration the lakes may be 

considered to be of two basic types. Lake Rotorua and the western 

cism of Lake Rotoiti exhibit relatively fast throughput where inflow 

rivers, precipitation and vapour exchange between atmosphere and lake 

surface combine to create the measured tritium concentration. In 

general the rivers contribute water of low tritium concentration, so 

that the tritium concentration is intermediate between the rivers and 

the mean ambient precipitation. The other lakes have longer residence 

times (input rate/volume) of many years, and are responding slowly to 

the input of thermonuclear tritium. During the period 1970-73 all the 

lakes exhibited tritium concentrations lower than mean ambient 

precipitation (see Table 4 and Pig. 3). As would be reasonably expected, 

the deepest lakes (Rotomahana, Tarawera, Okataina and Rotokawau) exhibit 

the lowest tritium concentrations, with the shallower lakes ranging up 

to Lake Herewhakaaitu which has highest tritium concentration and least 

mean depth. 
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SPRING.: COM A; N.N J SUb-SI'^'Ai^ l,ftKE DRAINAGE. 

Amongst the major spr ings so far measured m the Kotorua reg ion , 

four exhib: t ed s l i d e i s o t o p i c conposi t ion which i n d i c a t e d measurable 

components of lake drainage i,Table ^). 

Lake i-otoruj. d r a in s to Laxe aotoehu v i a Western Out le t Spr ing, 

an i to Tarawera ; ave r v ia Wr.i kanapi t i Spring. Lake tierewhakaaitu d r a i n s 

to Laxe notomahana via Te Kuye Spring, and Lake Okareka to Lake 

Tarawera v i a Waitangi '.Spring. 

P r i n c i p l e s of the Method. 

In such porous volcanic country, i t i s to be expected tha t 

groundwater drainage from the catchments between l akes and sp r ings 

wi l l a l so c o n t r i b u t e to the spr ing flows. I t wi l l be assumed tha t the 

s t ab le i so top ic composition of the groundwater drainage (o( 0 ) , , 5(D)_) 

.lows the meteoric r e l a t i o n s h i p 

lfa 
6 ( D ) , , = b :A o j + d [l) 

-'or both D and 0, the isotopic balance equation relating spring, 

lake and groundwater is 

j c = fo, + (L-f)6„ {2) 

wnere the 3ubscnpts Z and L refer to spring and lake water respectively, 

and f is the fractional contribution of lake water to the spring flow. 

Equations \ 2) can be solved to give the isotopic composition of the 

groundwater contribution in terms of measured values of 6„ and 6 T• Thus 
> L 

o( d)r. - ooi ̂ U j - d 
<- . " . 16 . ^ 3 ) 

XD). - «-A Oj, - d 
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6 6 ( l 8 0 ) s <6(D)L - d} - i | \ { 6 ( I » s - d } 
o( 0)„ * ' V—775 7E \ U) 

J 6(D)L - 6(D)S - 8 | 6 ( 1 0 0 ) L - 6( l t t 0) s J 

with 6(D)„ being given by (1 ) . 

In practice, the measurement errors in the 6-values are somewhat 

too high to enable the determination of 6„ with adequate accuracy. 
u 

However, f may be estimated graphically from the position of the point 

(of, 0) , 6(D)_) on the line joining the isotopic composition of the 

lake to the region of the 6-diagram occupied by the Lake Rotorua catchment 

groundwaters; this estimated f may then be applied to the tritium 

balance equation. 

T s « f T, + (l-f)Tc O^ 

where the symbols T represent tritium concentrations at the time of 

emergence as spring water, and the subscripts have the same meaning 

already applied to 6-values. The values of both T, and T_ are subject 

to constraints. Tr has been steadily increasing in these lakes since 

the advent of thermonuclear HTO fallout in 1955» and must therefore lie 

between zero and the tritium concentration of the lake (measured values 

in Table 1) at the time of sampling of the spring. T„ must lie between 
u 

zero and the maximum post-thermonuclear values encountered in New Zealand 

groundwaters, which are about 30 TU. Vfhen these constraints are applied, 

equation (3) gives a permitted range for T, and T„, which can be 

graphically presented, and which may reveal dynamic features of the 

drainage to the spring. The procedure will be i l lustrated for the four 

springs already mentioned. 

To take account of experimental errors, (5) may be rewritten 
T. - ( l - f ) T . 

T, - 3

 f

 C (6) 
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:"he standard error <*_, of T. may then be expressed as a 

f inct ion of tKe standard errors a of T and o of f 
!„ 5 t 

2 
a2 l «2 ^TS ~ V Jl , , . 

T = ~~2 °T + 4 f ( 7 ) 

X L f S f^ 

To e s tab l i sh o p for f ixed T f take a = 0.06 T (routine experimental 
"L S 

standard error) , and a conservatively-applied <r f = 0 . 0 5 . The r e l a t i o n 

ship ? L + 2 o T , against T„ i s then portrayed as the permitted f i e l d 
Li 

(95;o confidence) of T, and T-. The method will now be illustrated for 

the four examples already cited. 

Te Kaue Spring; Lake Rerewhakaaitu. 

This spring issues from the base of a vertical-walled gully, about 

120 m to the north-west of Crater Bay, Lake Rerewhakaaitu, and drains 

towards Lake Hotomahana. Plow is about 6 l.sec- . The divide is 

composed mainly of pumice, and appears to consist of thick (ca. 15 m) 

tephra deposits overlying ignimbrite. 

The isotopic data give f » 0.88 (Pig. 7A), T = 17.4 + 1.0 TU on 

21 September, 1972, Lake Rerewhakaaitu tritium concentration « 18.2 TU 

(mean of 3 values) on the same date. The permitted field for T. and T_ 
L G 

(Fig . 7A) shows that the lake drainage does not suf fer measurable 

radioactive decay along the short path to the spring. 

Waitangi Spring; Lake Okareka. 

rfuitangi Spring emerges from rhyol i te in a gul ly about 700 m east 

of the south-east t i p of Lake Okareka, (. i g . 1 ) . In t h i s case f * O.bO, 

(F ig . 7B). Spring and lake were sampled twice in December 1971, and 

September 1972. Because the 6-values were quite s imilar for the two 

sampling dates , mean o-values were taken to insert in Fig. 7B. In t h i s 

case, no de f in i te conclusions can be reached from the allowable f i e l d 



of T and T„, except that T. cannot be l e s s than 5 TU, implying a 

maximum travel time of 8 years, deduced from intersection of the tritium 

decay l ine from a spring water of 5 TU in 1972 with an assumed linear 

rise of lake tritium concentration since 195S 

Waikanapiti Spring; Lake Rotoma. 

The small group of springs feeding Waikanapiti Stream (tributary 

of Tarawa River) emerges from rhyolite about 1.6 ka south-east of the 

south end of Lake Rotoma, f = 0.73 (Fig. 7C). As with Waitangi Spring, 

similar isotopic values obtained in December 1971 and September 1972 

were u6ed to obtain mean values for the diagrams. The allowed T., 

T„ - f i e ld indicates appreciable age for both components of drainage. 

In this case the stable isotope balance was confirmed by chloride 

concentrations. Chloride analyses of samples taken on 22 September 1972 

are given in Table 5» Most lake and spring samples showed low 

concentrations of 3-5 mg.l~ . Exceptions were Lake Rotoma (36 mg.l~ ) 

and Waikanapiti and Western Outlet springs (both 28 mg.l~ ) , corresponding 

to the same mixture deduced from the stable isotopic values for both 

springs. 

Wastern Outlet Spring. 

Western Outlet Spring emerges over the area of a long eroding 

alluvial gully about 0.6 km from the north-west bay of Lake Rotoma, 

and drains as a stream into Lake Rotoehu. The flow of the spring 

responds appreciably to changes in lake level (Pig.8 )• The Spring 

was sampled at times of low (April 1970 and September 1972) and high 

(December 1971) flow. Considerable difference exists between the 

isotopic balances in these three cases (Pig. 9 ) . In April 1970, 

f . 0.39; in December 1971, f - 0.68; in September 1972, f - 0.88. The 

data i s consistent with the addition of catchment drainage of extremely 
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low tritium concentration with lake drainage not appreciably aged. In 

December 1571, the isotopic balan-" implies that the increase in flow 

relative to April 1570 is entirely lake water. However, by September 

1972 the flow had again dropped severely (Fig. 8), but the stable 

isotope composition showed no sign of reverting to the April 1970 values. 

Apparently the increased spring flow resulted from flow through 

channel of relatively high transmissivity, whose entrance is accessible 

only at higher lake levels. It cannot be the result of a purely hydraulic 

effect through the normal drainage channels, because the increase in 

lake height is only of order 10% of the overall height difference between 

lake and spring, whereas the flow response is much greater. During the 

period of increased flow, water drains from the high transmissivity 

channel into the groundwater reservoir between lake and spring. The 

'-.ter isotopic composition of the spring cannot therefore revert 

immediately to the pre-flood values after the high transmissivity flow 

path is shut off by lowering of the lake level. 

This information is of considerable practical interest because 

Lake Rotoma shows higher variation of level than many of the other large 

lakes in this region. At times the road and houses at the south-east 

corner of the Lake appear to be threatened by further rise of water level. 

The isotope and flow data for Western Outlet Spring prove that a natural 

safety drainage valve exists which is capable of carrying away at least 

1 m sec" of low. This rate is equivalent to a precipitation rate of 
-1 2 

2 m.yr over the total lake catchment of 16 km . Since an excess 

precipitation rate of this magnitude is unlikely to be maintained over 

long periods, it is apparent that the level of the lake can never rise 

above the values attained during late 1971 and early 1972. 
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SPRIHSS SHOWIKG NO EVIDENCE OF SUB-SURFACE LAKE DRAINAGE. 

Pongakawa Spring. 

Pongakawa Spring is one of a series of small perennial springs 

emerging from a gully about 4«5 ton north-west of Omarupoto Bay, 

Lake Rotoehu, about 23 m below lake level. The springs apparently 

represent the drainage of shallow groundwater from Rotoiti Breccia, 

and feed Pongakawa Stream, which flows into the Bay of Plenty via 

Waihi Estuary. The springs have been reputed to represent sub-surface 

drainage from Lake Rotoehu. However, three samples taken from the main 

spring at different times Bhowed no evidence of any isotopic component 

from the lake (details in Table 6, Fig. 10). These samples are apparently 

meteoric waters, but do not correspond in stable isotope composition 

to the springs representing drainage from the Rotorua catchment (Table 3), 
i ft being enriched along the meteoric pencil by about 0.65^0 in 5( 0) and 

5.5jk> in 6(D) on average relative to the mean value from Table 3. The 

possible reasons for this enrichment will be discussed in connection 

with the samples representing drainage from catchments close to Lake 

Rotokawau which show a similar shift. 

One tritium concentration in the set of three from Pongakawa Spring 

appears anomalously high. It is doubtful whether the high value can 

be ascribed to recent storm drainage, because the perennial spring flow 

does not respond much to recent rain. It is probable that the high 

value results from an undetected contamination of this sample during 

processing, although no evidence for any experimental irregularity was 

apparent. The other two tritium concentrations show that this 

apparently quite shallow groundwater has a long drainage time, a fact 

already noticed for the catchment drainage in the mixture of lake and 

catchment water in Western Outlet Spring, and also in the springs close 

to Rotokawau. 
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Groundwater Drainage from Catchments c lose to Lake Rotokawau. 

Lake Rotokawau occupies a steep-sided crater with a small catchment 

mainly to the south and has no surface o u t l e t . Beyond the crater rim 

to north and west of the lake, the catchments drain towards Lakes Rotoit i 

and Rotorua, and contain ac t ive hydrothermal areas, notably Tikitere 

'He l l ' s Gate). Springs emerge both above and below the level of Lake 

Rotokawau. Some of these are apparently at geological contacts; in t h i s 

area rhyol i te , ignimbrite and Rotoit i Breccia are mapped below the 

surface ash and terrace cover. Others represent the discharge of 

shallow groundwater through the surface cover. Some small springs 

emerge as warm water, deposi t ing iron at the point of emergence. A 

number of these cold and warm springs were sampled for i so topic a n a l y s i s , 

to detect possible sub-surface drainage from Lake Rotokawau (Table b ) . 

The tritium concentrations of these waters a l l indicate 

predominantly older components of drainage, the lowest concentrations 

(0.37 to 3.4 TU) being found in the three warm springs , and the highest 

'12 TU) in a stream draining catchment l y ing mainly above the lake and 

emerging in a swampy region. 

The stable isotope compositions of a l l the waters sampled were 

completely uniform, being enriched an average 0.8#o in 6( 0) and 4;̂ o 

in 6(D) (Pig . 11) , r e l a t i v e t o the mean value deduced for the remainder 

of the Lake Rotorua catchment. The points l i e at the edge of the meteoric 

region defined e a r l i e r , but i t seems probable that there i s no component 

of drainage from Lake Rotokawau since a l l the points l i e above the t i e - l i n e 

joining the isotopic composition of the lake to the mean Lake Rotorua 

value. Moreover the i so top ic composition of the samples draining catchment 

above lake level i s no dif ferent from the springs emerging below lake 

l e v e l . However, in view of the uncertaint ies in the pos i t ions of the 

t i e - l i n e extremit ies and the exact meteoric l i n e , a very small component 

of lake drainage cannot be s t r i c t l y excluded from some of these springs . 



As wita Pongakawa Spring, the evidence for this set of samples again 

points to the existence of a family of meteoric waters with stable 

isotope composition differing from that found for other parts of the 

Lake Rotorua catchment (Table 3) . In principle such families may 

derive from two causes: 

1. Altitude effect , with more negative 6-values in precipitation 

fal l ing at higher, and therefore colder altitudes (see e.g. Gat, 1971); 

2. Seasonal selection of groundwater recharge. 

There i s absolutely no reason to invoice the altitude effect in 

this case; the precipitating clouds are passing here over a plateau 

where minor variations in altitude within the general trend of the 

topography cannot be expected to produce marked differences in the mean 

stable isotope composition of the precipitation. In support of th is , 

i t should be noted that the Pongakawa Spring catchment l i e s ca. 200 • 

an average below the Lake Rotorua catchments, whereas the catchments 

near Lake Rotokawau form parts of the Lake Rotorua catchment, and are 

probably not very significantly different in altitude from these 

supplying the water to the springs m Table 3. The isotopic compositions 

do not f i t to th is altitude pattern. 

Seasonal recharge of groundwaters i s a well-known phenomenon, which 

has been confirmed in some isotopic investigations in Europe, where the 

stable isotope composition in the saturated zone ma.ches the mean 

composition of winter precipitation which i s considerably depleted 

relative to summer precipitation (see Fig. 12). The summer precipitation 

i s removed from the unsaturated zone by evapo-transpiration. The effect 

i s a complex interplay of various factors. Firstly, there must be an 

appreciable difference between the isotopic composition of summer and 

winter precipitation. Although confirmatory measurements do not exist 
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for the Hotorua region, it seems likely that about 3 Jo for 6( u) and 

about 24/oo for 5(D) represents the differences between the summer and 

winter nodes of the seasonal variation. This leaves enough room for 
18 differences of order l;\>o(6 0) in groundwaters if seasonal selection 

plays a role. Secondly, the seasonal distribution or rainfall must 

supply sufficient water during both winter and summer to ensure that 

any potential of the surface lithology for seasonal selection can be 

exploited. This condition is satisfied in the Rotorua region. A fairly 

even seasonal distribution is exhibited,with a slight summer minimum, 

although the variation relative to this mean pattern can be quite 

extreme from year to year. Mean annual precipitation at Rotorua itself 

is about 2 m. 

Third criterion for seasonal selection i s the conditions in the 

s - . l above the groundwater table. In the Rotorua region surface ash 

cover i s of varying thickness (up to 30 m), but must be considered to 

be generally permeable. Varying quantities of water are therefore 

required to saturate the surface cover. Below this surface cover l i e 

the ignimbntes, rhyolites or Rotoiti Breccia. It i s a notable feature 

of the hydrology that the water table in the ignimbrites and rhyolites 

l i e s generally at considerable depth, whereas the catchments where 

Rotoiti Breccia underlies the ash appear to have a much shallower 

groundwater circulation. This distinction also applies to the isotopic 

families under present discussion. The family of Table 3 represents 

discharge from rhyolite and ignimbrite, whereas the Pongakawa Spring/ 

Lake Rotokawau waters are al l discharged from regions underlying 

sections of the geological map assigned to Rotoiti Breccia. If the 

Rotoiti Breccia acts to keep the water-table level within the upper 

ash layer, then this water-table may receive precipitation at al l 



seasons and provide a reservoir for evapotranspiration. Phis water may 

a l so be transmitted v e r t i c a l l y and horizontal ly to rhyo l i tes and 

lgmmbrites in contact with the Rotoit i Breccia. 

Where lgnimbntes and rhyol i tes underlie the surface ash, the 

water-table generally l i e s at some depth, so recharge w i l l depend on 

the degree of saturation of the surface ash cover, which w i l l be at 

maximum during winter, thus favouring recharge by winter p r e c i p i t a t i o n . 

Obiously t h i s seasonal recharge hypothesis requires further 

deta i l ed inves t iga t ion covering a l l geo log ica l , hydrological and 

i so top ic aspects before i t can be accepted. Prom the i so top ic 

standpoint, however, such a mechanism seems the only reasonable 

explanation for the present observations. 
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A = UNDIFFERENTIATED DEPOSITS. —*~" RIVER OUTLETS 
3= ROTOITI BRECCIA R = RHYOLITE N 
D= DAC17E T = BRECCIAS, TUFFS. ALLUVIUM. 
I = IG.MMBRITE 
L = LAKE TERRACES 

Pig. 1 Nap of Rotorua region showing major lakes, springs, river outlets, 
and di "ribution of rock and sediment types. Almost the entire 
region is mantled by volcanic ash, which does not appear in this 
diagram. Lake boundaries are thicker lines; dashed lines represent 
approximate boundaries between rock types. Other springs mentioned 
in this paper appear on Fig. 4. 
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Pig . 3 Tritium fa l lou t recorded at Kaitoke, near Well ington, shown as 
annua1, me-.n t r i t u n i concentration:-, on a logar i thmic s c a l e . In the 
South Pacific region a "epular seasonal p a t t e r n running from Ju ly 
to June i s always recorded v i t h a maximum during August - OCober 
and minimum ("arch - Kay (Taylor, I968). The di f ferences between 
mean concentrat ions at Rotorua and Kai.oke a r e not more than 10/o. 
As an a id to i n t e r p r e t a t i o n , the dfcay l i n e s Cor t r i t i u m are shown 
for pre-lhermon'jclcar water ca . V/jA ,and for water from the year of 
rcaximuTi concent j-.iti on. Kangeo oT t r i t i um concentra t ion exhib i ted 
by Rotorua region ).%Kes and enritvrr. during )r/IQ-1? arc a l so ahown. 





Fig. 5 Linear 6( 0), 6(D) - diagram delineating meteoric waters for the 
Hotorua region. 


