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INTRODUCTION

Geology of Rotorua District

The lakes of the Rotorua district (Fig. 1) lie within the diverse
volcanic terrain of the Central Volcanic Region, North Island, New
Zealand. Most of the volcanic rocks of the region have been erupted
from the Taupo Volcanic Zone, which extends in an axial belt north-
eastwards from ¥t Ruapehu to White Island (Fig. 2). The Jurassic
greywacke basement (Healy et al., 1964) is down-faulted thousands of
metres below the Taupo Volcanic Zone, and is overlain by volcanic rocks
which lap several tens of km over the higher basement areas io sast and
west (Pig. 2). The most widely-distributed volcanic rocks are several
plateau ignimbrites of Pleistocene age, welded in their lower parts,
extending up to 1170 km from source,and having volumes commonly exceeding
200 km3 (Healy, 1963). Later volcanism has extruded rhyolite domes and

loosely compacted pumice breccias of pyroclastic flow origin. The whole

region is mantled by up to 30 m of late Quaternary pumiceous tephras.
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Broad Features of Hydrology

The hydrology of Rotorua district is dominated by a group of
lakes of volcanic origin; by catchments in which perennial surface
runoff is minimal; by large clear-water springs; and by many centres
of hydrothermal activity. Many of the lakes are associatec with the
rhyolitic Okataina Volcanic Centre and the associated Haroharo Caldera
(Pig. 1) (Healy, 1964). Lakes Okataina, Rotoebu, Rctoma, and the
eastern end of Lake Rotoiti are lakes on the margins of ‘aroharo Caldera,
formed by damming against rhyolite lava flows on the caldera floor.
Lake Tarawera occupies the southern part of Haroharo Caldera, blocked
off at its 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
‘rom subsidence following voluminous ignimbrite eruption; flights of
terraces up to 100 m above the present lake indicate progressive decline

in lake levels., The lake sediments underlying these terraces (Fig. 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 faily deep water table, particularly on the Mamaku
ignimbrite plateau. Surface drainage in the lake catchments is 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 pemmeable 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 lie within a narrow altitude range (Lake Rotciti

279 m to Lake Ngapouri, 477 m above msl). In general the catchments
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are small relative to lake area (Table 1), and also cover a fairly
narrow altitude range.

Scope of this Study.

This paper presents an in‘tial survey of the isotopic characteristics
of non-hydrothemal waters of the Rotorua region. Measurements of
deuterium (D), oxygen-18 (180) and tritium (T) have been peiformed on
samples collected between 1970 and 1973. Some major springs emerging
close to land-locked lakes have been identified as containing mixtures
of lake-derived water and precipitation-derived éecharge in the catchments
between lakes and the springs. The stable isotope composition of
precipitation-recharged groundwaters occupies a fairly narrow range,
hut 18 nevertheless separable into two distinct isoiopic families. The
circumstances leading to these isotopic differences are not yet fully
undersiood, and will require further investigation.

Tritium concentrations are interpreted by reference to the fallout
history of thermonuclear HTO, as depicted in the annual means for
Kaitoke (41.1%5, 175°E) in Fig. 3.

This preliminary assessment suggesis further problems for study,
and provides reliable isotopic data which are essential background
material for any future isotopic investigation of the hydrothermal
waters.

Isotopic Measurements and Units.

Waters undergo three successive stages of batch electrolytic
enrichment from 4500 ml starting volume to 1 ml final sample. The
tritium enrichment is ca. x 2000. After conversion to hydrogen over
s granulated zinc-sand mixture (Taylor, 1973a) at 450°C, the enriched
sampies are counted in cylindrical stainless-steel (eiger counters

(volume 350ml, filling 435 torr hydrogen 15 torr ethylamine, background about 3 cpm)
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using additional electronic quenching and standard shielding and rvirg
anti-coincidence techniques. Four counters can be counted simmltaneously
within the same ring. After full enrichment the net couni rate is about
1.4 cpm per TU of original sample.

Tritium concentrations are expressed in the usual Tritium Units
(TU). 1 TU represents a T/H ratio of 10‘18, corresponding to an activity
of 7.2 dpm per litrc of water.

Oxygen-18 measurements are performed by the conventional Epstein-
Mayeda technique (Epstein and Mayeda, 1953) ir which the waters, together
with a number of laboratory working standards as controls, are equilibrated
with 002 Zas at 30°C. Small fractions of the equilibrated CO2 gases
are then analysed in a double focussing mass spectrometer of the Nier
type. Full details of the techniques are given in Taylor and Hulston
11972) and Taylor (1973b).

Deuterium measurerents 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 is inherent in the chemical preparation
of the hydrogen gas.

Both deuterium and oxygen-18 concentrations are expressed as
5-valuee,representing the difference in parts per thousand between the
D/H or 180/160 ratio of the sample and that of the internatiomally-
accepted Standard Mean Ocean Water (SMOW) (Craig, 1961a). Thus if R
180/16

0)ratio of the sample and R that of

represents the D/H (or SHOW

SMOW

R
b= (3
SMOW

~- 1) x 1000



CATCHMEN . Y DAQLOSY OF LAKE ROTORUA.

Stream Dralnage.

A runber of streams drain the Mamaku ignimbrite plateau, which
surrounds much of the lake, and flow across the belt of lake terrace
sediments (Fig. 4). Major springs emerge close to the north-western
shore. Drainage from the prominent rhyolite dome Mt. Ngongotaha (737 m)

occurs from springs on the lower slopes which feed the stireams at its

bagse. Some streams are appreciabiy iunfluenced by drainage from hydro-

thermal areas, e.g. Puarenga Stream passes through'Whakarewarewa thermal
area, and Waiohewa Stream receives some of its flow from Tikitere
therma! area; both streams exhibit enriched stable isotcpic composition
due to admixture of themmal waters.

Isotopic Data for Lake Rotorua Catchment.

Tactopic data for the Lake Rotorua catchment are presented fully
1r. 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 show stable isotope
enrichment cbaracteristic of evaporated waters. Tbhis part of .he catchment
will be discussed in a later section,

Mean Stable Isotope Composition for Lake Rotorua Catchment.

By selecting springs and the base flows of streams of appreciable
tritium age (arbitrarily taken as tritium concentration less than 50%
of mean ambient level) and without influence of thermal waters, a mean
atable 1sotopic composition 6(180) = -6.08, &(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 ithese groundwaters may

be considered to be a distinct isotopic family, characteristic of mean




groundwater recharge in this part of the Rotorua region. They are
certainly of the class of meteoric waters which have not been gubjected
to significant isotopic enrichment by evaporation, and should therefore

adhere to the worid-wide correlation between 6(180) and &(D)

() =8 5(3%) 4 a

(Craig, 1961b; Dansgaard, 1964). In a linear 6(180), 5(D) - diagram,
the gradient 8 of this so-called meteoric water line reflects the
relative changes of the two isotopes during progressive condensation
processes in which atmospheric vapour and condensate are always in
1sotopic equilibrium, and applies over a wide temperature range. A
sipilar relationship exists for atmospheric vapours of widely differing
origin and isotopic depletion (Taylor, 1972). The intercept d is about
+10 on the SMOW scale, and reflects a number of processes in the inter-
mediate stages between ocean and meteoric water, but the positive sign
basically results from the extra isotopic separation involved in
evaporation at the ocean surface,which is a non-equilibrium orocess
(Craig and Gordon, 1965).

Stable Isotope Composition of Meteoric Waters in Rotorua Region.

For the Rotorua region, an area of the 6(180), 5(D)-diagram may
now be designated for meteoric waters, by extending a line of gradient 8
from the mean value (-6.08, -34.2) deduced above for the Lake Rotorua
catchment springs and stream flows (Fig. 5). In this case the intercept
18 +14.4. The meteoric water field in the 6(18‘), 5(D) diagram is then
defined more broadly by extending a pencil of gradient 8§ from the
extremes of the set of isotopic values used for the calculation of the
mean value of the Rotorua catchment (Table 4). The breadth of this
pencil 18 0.5%0 in 6(180) and 4%0 in &(D), corresponding roughly to the

range of experimental error in both isotopes.
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~ibher 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
b May 1970, and the three values for Ohanui Stream (Table 7) which
exbibit ambient tritium concentration, and therefore represent drainage
of recent precipitation. All four stable isotope compositio;xs lie
within the proposed meteoric pencil (Fig. 5), which will be used in
the following sections for the assessment of the data of other waters
in the Rotorua region. |

Surface Runoff im Lake Rotorua Catchment: Data from Storm of 8 May 1970.

Ii. general, apart from the lake terraces surrounding Lake Rotorua,
the poroz:a and pemeable nature of the volcanic terrain are not conducive
to surface runoff. On 8 May 1970, a storm of sufficient n@itudé
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 comtribution of surface runoff to ihe increased
flows (Mook et al., 1974). In this method the isotopic composition
(wtable 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 1ower levels by & simple hydraulic effect. This effect is

f
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manifested 1sotopically 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 1ts 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 fléu. In

the invest:gation at Rotorua the streams were sampled close to their

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

minor componenty’data in Table 2). The tritium coﬁcentrations adjusted

in most cases to that of the total precipitation, in two cases not

quite so high. However, whereas the 6(180) of the total rainwater was
more negative (-6.970) than the stream base flows (mean -6.,1%0), the

flood flows in every case exhibited displacement in the positive direction.
Ti. . apparent contradiction is undoubtedly a consequence of the variation
of stable isotopic composition of the precipitation during the course

of the storm (Dansgaard 1961, 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 initiall; 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 >erformed 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.

™wo streams feeding Lake Rotorua-Puarenga Stream and Waiohewa Stream
derive significant proportions (about 8% and 10% respectively) of their
waters from thermal regions. Their isotopic compositions are discussed
in Table 3. These enriched contributions to the total stream input
flow to the Leke are insufficient to offset the overall isotopic

composition significantly away from the value deduced from Table 3.

I1SOTOPIC COMPOSITION OF THE ROTORUA DISTRICT LAKES.:

mncal Features.

Table 1 summarises the known physical infomation of the lakes.
Other information can be found in Pittams (196€), Jolly (1968) and
FPish (1970). MXost of the lakes are sufficiently deep to develop
stratification during the summer months. They belong to the class
termed "warm momomictic” by Hutchinson (1957), i.e., water never below
1% at any level, freely circulating in winter at or above 4°C, directly
stratified in summer. Lake temperatures were recorded by Jolly (1968):
sunmer maxima are typically about 20% and winter minima about 3-11°C.
Lakes Rotoehu and Rotorua are shallow and homothermous. Only two
lakes show complex structure: Lake Rotoiti has a main basin of type
warm monomictic, whereas the shallow western basin is homothermous and
may be considered to represent a portion of the Lake Rotorua outlet
channel (Ohau Channel - Lake Rotoiti western basin -~ Kaituna R.): the
main shallow portion of Lake Rerewhakaaitu is homothemmous, but the
Crater Bay western arm has depth ca. 30 m and is warmm monomictic.

Stable Isotopic Composition.

All New Zealand lakes 80 far measured exhibit no marked isotopic

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

during summer stratification, and the lakes turn over completely during
winter. [t appear3s that summer changes of é(lba) and o6(D) in the
epilimnion are less than 0.5%0 and 4 o respectively; no gradients of
tritium concentration with depth have been —ecorded.

All the Rotorua lakes are enriched in 16O and D reiative to mean
input water (full details in Table 4). PFor all water molecules in a
lake there is a certain probability that evaporation rather than outflow
will occur. Due to vapour pressure differences, the probability that

HD160 and H2180 will be evaporated from the water surface i1s lower than

for Hzlboﬁﬂhxazaﬁn-condensatxon the reverse is true. Thus in the net

process of evaporation the lake may become enriched or depleted in D
and 18O depending on the isotopic composition of the atmospheric vapour
lative to that of the lake. In almost all cases enrichment results.

In the linear 5(18

)y 5(D) formulation the process of evaporatiom intc

a non-saturated atmosphere causes lakes to occupy enriched positions
which may be connected to their mean input waters along lines of slope
4-6. This situation contrasts with condensation and evaporation in
equilibrium conditions in which the changes in isotopic composition occur
along lines of slope 8. The evaporation phenomenon has been extensively
reported 1in the literature (e.g. Craig et al.,, 1963; Craig and
Gordon, 1965; Ehhalt and Knott, 1965; Gat, 1970 and 1971), and receives
further confirmation in the (-values measured for the Rotorua district
lakes. In #ig. o, 5-values for 13 lakes are displayed relative to the
mean groundwater recharge composition deduced by Lake Rotorua catchment.
120f the lakes lie within a pencil of gradient 4-6 extending from the
mean recharge. The maximum 3(180) enr:chment 18 5,0 (Lake Tikitapu).
Each lake 1sotopic composition is the end result of a complex interplay

of hydrologi~al, meteorological and isotopic factors. No simple
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eipirical relationships appear to exist between the stable isotcpicz
composition and the known parameters. At the present time it seems
doubtful whether a study of the isotopic baiances of these lakes is
feasible. One difficulty specific to Rotorua dai>trict lies in the

fact that geographical ‘atchment area estimates in regions containing
such depths of permeable volcanic rock are unlikely to be accﬁrate;

so that total input of water to the lakes cannot be estimated. For the
purpoges of the present paper the usefulness of the stable isotopic
compositions of the lakes lies in their possib'e contribution to
groundwater and springs through sub-surface drainage.

lritium Concentrations.

From the standpoint of tritium concentration the lakes may be
considered to be of two basic types. Lake Rotorua and the western
vasin 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 intermmediate 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 itritium. During the period 1970-73 all ihe
lakes exhibited tritium concentrations lower than mean ambient
precipitation (see Table 4 and Fig. 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 Rerewhakaaitu which has highest tritium concentration and least

mean depth.

_—_——-—-I
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SPRINGS ooNiAiN NG SUB-SULKACE _AKE DRAINAGE.

Amongst the major springs so far measured in the xotorua region,
four exhibried statle 1sotoplc composition which indicated measurable
components of lake drainage \'Table 5).

! Lake hotorui drains to Lake [ioioehu via Western Jutlet Spring,
ani to larawera :f1ver via Waikanapltl Spring. [ake Herewhakaaitu drains
10 Laxe hotomahana via Te Kaye Spring, and Lake Okareka to Lake

! Tarawera via Waltang: 3pring.

Principles of the NMethod.

In such porous volcanic country, 1t is to be expected that
groundwater drainage from the catchments between lakes and springs
will also contribute to the spring flows., [t will be assumed that the
stable 1sotupic composiiion of the groundwater drainage (0(180)0, 5(D)G)

.10ws the meteoric relntionship

: . 1&
MIj = o 0)., + d (1)

I G
. 1o | .
“or buth D and " U, the 1sotopic balance equation relating spring,
lake and groundwater is

oe = f0, + (L-f)0, (2)
2D ) N

4

wnere the subscripts O and L refer to spring and lake water respectively,
and f 1s the fractional contribution of lake water to the spring flow.

Bquations (2, can be solverd tu give the 1sotopic composition of the

groundwater contribution in terms of measured values of &, and OL' Thus
]
lﬂ
D). ~ 6o ’u)g - d
{‘ . 19 - 18 ‘A (3)
D)., = oo 0), - d

|
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5, s(*0)g {em - a} - (%), {orm)g - af
Pos)y, - emg - 846t ) - 6(*%0) }
L S L S

with d(D)G being given by (1).

In practice, the measurement errors in the &-values are somewhat
too high to enable the determination of 60 with adequate accufacy.
However, f may be estimated graphically from the position of the point
(5(18

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

O)s, é(D)g) on the line joining the isotopic composition of the

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

balance ecuation.

= - )
Tg = £7, + (1-1)T, (5)

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 TL and TG are subject
to constraints. T has been steadily increasing in these lakes since

L
the advent of {hemmonuclear 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. TG must lie betweer.
zero and the maximum post-thermonuclear values encountered in New Zealand
groundwaters, which are about 30 TU. When these constraints are applied,
equation (5) gives a permitted range for TL and TG’ which can be
graphically presented, and which may reveal dynamic features of the
drainage to the spring. The procedure will be illustrated for the four
springs already mentioned.

To take account of experimental errors, (5) may be rewritten

Tg - (1-:')'1'G

T, = ; (6)
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“he standard error OT of TL may then be expressed as a
L

finction of the standard errors o of TS and o_of

T f

<
~

: 2
(Tg - Tj)
S G o2 (1)

Ts g f

S
L f

a

To establish o for fixed T,, take o
TL G Ts
standard error), and a conservatively-applied ge = 0.05. The relation-

= 0.06 Tg { routine experimental

ship T. =+ 2"T s 2gainst TG is then portrayed as the permitted field

L
L
(95% 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 Rerewhakaaiiu, and drains
towards Lake Rotomahana. 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 (Fig. 74), Tg = 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
{Fig. TA) shows that the lake drainage does not suffer measurable
radioactive decay along the short path to the spring.

Waitangi Spring: Lake (kareka.

wiitangi Spring emerges from rhyolite in a gully about 700 m east
of the south-east tip of Lake Okareka, (.1g. 1). In this case f = 0.80,
(Fig. 7B). Spring and lake were sampled twice in December 1571, and
September 1972, Because the o0-values were quite similar for the two
sampling dates, mean (-values were taken to insert in Fig. 7B. In this

case, no definite conclusions can be reached from the allowable field

|
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of I‘L and T,;, except that TL cannot be less than 5 ™, implying a
maximum trave: time of & years, deduced from intersection of the tritium
deczy line from a spring water of 5 TU in 1972 with an assumed linear
rige of lake tritium concentration since 1935¢

Waikanapiti Spring: Lake Rotoma.

The small group of springs feeding Waikanapiti Stream (tributary
of Tarawa River) emerges from rhyolite about 1.6 km south-east of the
south end of Lake Rotoma, f = 0.75 (Fig. 7C). As with Waitangi Spring,
similar isotopic values obtained in December 1971 ar.xd September 1972
vwere used to obtain mean values for the diagrams. The allowed TL'
TG - field 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-l. Exceptions were Lake Rotoma (36 -5.1-1)
and Waikanapiti and Western Outlet springs (both 28 mg.l-l), corresponding roughly
to the same mixture deduced from tbe stable isotopic values for both
springs.

Westem 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 (Fig.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 (Fig. 9 ). In April 1970,
f = 0.59; in December 1971, f = 0.88; in September 1972, f = 0.88, The

data is 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 i1sotopic balan~~ implies that the increase in flow
relative to April 1970 is entirely lake water. However, by September
1972 the flow had again dropped severely (Fig. 8), but the stable
1gotope composition showa no sign of reverting to the April 1570 values.
Apparently the increased spring flow resulted from flow through
channel of relatively high transmissivity, whose entrance is accessible
only at higher lake levels. 1t 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 rnad 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 m3 sec'l of low. This rate is equivalent to a precipitation rate of
2 m.yr"l over the total lake catchment of 16 kmz. Since an excess
precipitation rate of this magnitude is unlikely to be maintained over
long periods, 1t 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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SPRINGS SHCWING NC EVIDENCE OF SUB-SURFACE LAKE DRAINAGE.

Po! wa Spring.

Pongakawa Spring is one of a series of small perennial springs
emerging from a gully about 4.5 km north-west of Omarupoto Bay,
Lake Rotoehu, about 23 m below lake level. The springs apparently
represent the drainage of shallow groundwater from Rotoiti Breécia,
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 showed no evidence of any isotopic component
from the lake (details in Table 6, Fig. 10). These samplesc are apparentily
meteoric waters, but do not correspond in stable isotope composition
to the springs representing drainage from the Rotorua catchment (Table 3),
being enriched along the meteoric pencil by about 0.65%0 in 6(180) and
5.5%0 in 6(D) on average relative to the mean value from Tabie 3. The
possible reasons for this enrichment will be discussed in connection
with the samples representing drainage from catchments close to Lake
iotokawau which show a similar shift.

One tritium concentration in the set of three from Pongakawa Spring
appears anomalously high. [t 1s doubtful whether the high value can
be ascribed to recent stomm 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 Hotokawau.
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Sroundwater Drainage from Catchments close to Lake Rotokawau.

Lake Hotokawau occupies a steep-sided crater with a small catchment
mainly to the south and has no surface outlet. Beyond the crater rim
to north and west of the lake, the catchments drain towards Lakes Rotoitx
and Rotorua, and contain active hydrothermal areas, notably Tikitere
‘Hell's Gate). Springs emerge both above and below the level of Lake
Rotokawau. Some of these are apparently at geological contacts; in this
area rhyolite, 1gnimbrite and Rotoiti 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, depositing iron at the point of emergence. A

number of these cold and warmm springs were sampled for isotopic analysis,

to detect possible sub-surface drainage from Lake Rotokawau (Table 6).

The tritium concentrations of these waters all indicate
predominantly older components of drainage, the lowest concentrations
(0.37 to 3.4 TU) being found in the three wam springs, and the highest
‘12 TU) in a stream draining catchment lying mainly above the lake and
emerging in a swampy region.

The stable isotope compositions of all the waters sampled were
completely uniform, being enriched an average 0.8%0 in 6(180) and 4o
in 8(D) (Fig. 11), relative to the mean value deduced for the remainder
of the Lake Rotorua catchment. The points lie at the edge of the meteoric
region defined earlier, but 1t seems probable that there is no component
of drainage from Lake Rotokawau since all the points lie above the tie-~line
joining the 1sotopic composition of the lake to the mean [ake Rotorua
value. Moreover the isotopic composition of the samples draining catchment
above lake level is no different from the springs emerging below lake
level, However, in view of the uncertainties in the positions of the
tie-line extremities and the exact meteoric line, a very small component

of lake drainage cannot be strictly 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
1sotope 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 &-values in precipitation
falling at higher, and therefore colder altitudes (see e.g. Gat, ]:971);

2. Seasonal selection of groundwater recharge.

There is absolutely no reason to invoke 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 this,
it should be noted that the Pongakawa Spring catchment lies ca. 200 m
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 in Table 3. The isotopic compositions

do not fit to this altitude pattem.

Seasonal recharge of groundwaters is 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 is considerably depleted

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

is removed from the unsaturated zone by evapo-transpiration. The effect
is a complex interplay of various factors. PFirstly, there must be an
appreciable difference between the isotopic composition of summer and

winter precipitation. Although confirmatory m.asurements do not exist

{

ly.

{



for the totorua region, it seems likely that about 3.0 for 6(1&0) and
about 24wo0 for 5(D) represents the differences between the summer and
winter nodes of the seasonal variation. This leaves enough room for
differences of order 1%0(6180) in groundwaters 1f seasonal selection
plays a role. Secondly,the seasonal distribution o. 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 rattern can be quite
extreme from year to year., Mean annual precivpitation at Rotorua itself
18 about 2 m.

Third criterion for seasonal selection is the conditions in the
s..l above the groundwater table. In the Rotorua region surface ash
cover is of varying thickness (up to 3 m), but must be considered to
be generally pemmeable. Varying quantities of water are therefore
required to saturate th2 surface cover. Below this surface cover lie
the ignimbrites, rhyolites or hotoiti Breccia. It is a notable feature
of the hydrology that the water table in the ignimbrites and rhyolites
lies 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 all 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 all

20.




seasons and provide a reservoir for evapotranspiration. ‘This water may
also be transmitted vertically and horizontally to rhyolites and
1gnimbrites in contact with the Rotoiti Breccia.

Where ignimbrites and rhyolites underlie the surface ash, the
water-table generally lies at some depth, so recharge will depend on
the degree of saturation of the surface ash cover, which will be at
maximum during winter, thus favouring recharge by winter precipitation.

Obiously this seasonal recharge hypothesis requires further
detailed investigation covering all geological, hydrological and
isotopic aspects before it can be accepted. From the isotopi~z
standpoint, however, such a mechanism seems the only reasonable

explanation for the present observations.



Cen )

AEFERENCES

CRAIG, H. "Standard for reporting concentrations of deuterium and
oxygen-16 1n natural waters", Science 133, (196laj,
1833-1834.

CRAIG, H. “Isotopic variations in meteoric waters", Science 133,
(1961b), 1702-1703.

CAAIG, H., GORDOW, I., HORIBE, Y., "Isotopic exchange effects in the
evaporation of water, 1. Low temperature experimerital
results”, J. Geophys. Research 68, (1363), 5079-5087.

CRATIG, H., GORDON, i..J., "Deuterium and oxygen-13 variations in the
ocean and the marine atmosphere”, Proc. Conf. Stable Isotopes
in Oceanographic Studies and Paleotemperatures, Spoleto,
(1965), 122 pp. )

DANSGAARD, W., "The isotopic composition of natural waters"”, Meddelelser
om Gronland 165, (1961), 120 pp.

DANSGAARD, W., "Stable 1sotopes in precipitation”, Tellus 16, (1964),
436-468.

EHHALT, D., KNOTT, K., NAGFL, J.F., VOGEL, J.C., "Deuterium and oxygen-1&
in rainwater”, J. Geophys. Research 68, (19¢3), 37795-3780.

EHHALT, D., KNOTT, K., "Kinetische Isotopentrennung bei der Verdampfung
von Wasser”, Tellus 17, (1965), 118-130.

EPSTEIN, S., MAYEDA T., "Variations of the 18O content of wa.ers from

natural sources”, Geochim. et Cosmochim. Acta 4, (1253), 213-224.

FISH, G.R., "A limnological study of four lakes near Rotorua", New Zealand
J. Marine and Fishwater Research 4, (1970), 165-194.

GAT, J.R., "Environmental isotope balances of Lake Tiberias", Isotope
Hydrology 1970, I1.A.E.A. Vienna (1970), 109-129.

GAT, J.R., "Comments on the stable isotope method of regional groundwater
investigations”, Water Reaources Research 7, (1971), 960-993.

HEALY, J., "Geology of the Rotorua District"”, Proc. New Zealand Fcological
Society 1C, (1963), 53-58.

HEALY, J., '"Volcanic mechanisms in the Taupo Volcanic Zone, New Zealand”,
New Zealand J. Geology and Geophysics 7, (1964), 6-23.

HEALY, J., SCHOFIELD, J.C,, THOMPSON, B.N,, "Sheet 5 - Rotorua (1lst Ed )
Geological Map of New Zealand 1:250.000", Dept. Scientific and
Industrial Research, Wellington, (1964).

JOLLY, V.H.,"The comparative limnology of some New Zealand lakes, I Physical
and chemical”, New Zealand J. Marine and Fishwater Research 2,
(1966), 214-259.

e et

[ESsEE———



REFERENCES (cont. )

MOOK, W.G., GROENVELD, D.J., BROUWN, A.E., VAN CANSWIJK, A.J., "Analysis
of a run-off hydrograph by means of natural 1A0", Symposium on
{sotope Techniques in Croundwater Hydrology, 1.A.E.A. Vienna,
(1974), in print.

PITTAMS, R.J., "Prelimiriry water balance studies of the Rotorua laxes”,
New Zealand J. Hydrology 1, (1968), 24-37. -

STEGENTFALER, U.C., "Sauerstoff-'8, Deuterium und Tritium im Wasserkreislauf",
Beitrige zurMesstechnik, Modellrechnung und Anwendungen”,
Dissertation, Univ. of Berne,(1971), 109 pp.

TAYLOR, C.B., ™A comparison of tritium and Sr-90 fallout in the Southem
Hemisphere”, Tellus 20, (1968), 559-576.

TAYLOR, C.B., "The vertical variations of the isotopic concentrations of
tropospheric water vapour over Continental Europe, and their
relationship to tropospheric structure”, New Zealand Institute
of Nuclear Sciences, Report R-107, (1972), 45 pp.

TAYLOR, C.B., HULSTON, J.R., "Measurement of oxygen-18 ratios in environ-
mental waters using the Epstein-Mayeda technique. Part II:
sathematical aspects of the mass spectrometry measurements, the
equilibration process, correction terms and computer calculation
of 6-values w.r.t. Standard Mean Ocean Water (SMOW)”, New Zealand
Institute of Nuclear Sciences, Report LN-36 (1972), 29 pp.

TAYLOR, C.B., "Precision enrichment of tritium in waters using electrolysis”,
New Zealand Institute of Nuclear Sciences, Report R-1135, (1973a),
19 pp.

TAYLOR, C.B., "Neasurement of oxygen-18 ratios in environmental waters
using the Epstein-Mayeda technique. Part I: theory and details
of the equilibration technique”, New Zealand Institute of Nuclear
Sciences, Report LN-37, (1973b), 24 pp.

e gt




A = UNQIFFERENT!ATED DEPOSITS. —>—"~RIVER QUTLETS LAKES
2= ROTOITI SRECCIA R = RHYOLITE N -
D= DACITE T = BRECCIAS, TUFFS, ALLUVIUM. ,
I = IGNIMBRITE < T 1. ROTORUA
L = LAKE TERRACES Scale » 10km____, 2.ROTOITI
3.ROTOEHU °
I 8 4. ROTOMA
5. OKATAINA
) e _| 6.0kAREKA
,° ;| 7 TARAWERA
ya Va3 g S \4 )7/ 8 TiiTapy
; i o LS ™ ) x #~] 9. ROTOXKAKAH!I
! 19 N ~~" 1 Ve |
N ~-1 . L7}  HAROHARO SA™ 15 o | 10.ROTOMAHANA
J P [} pod ~
7w RPN OKATAINA VOLCANIC CENTRES| 1 REREWHAKAAITU
\ - ! Py / I , —/" ,‘L"'I N/ 12.0KARO

13. ROTOKAWAU

SPRINGS x

14. WESTERN OUTLET |,
15. WAIKANAPITI .
16.PONGAKAWA
17.TE KAUAE
18.WAITANG!

19. NGONGOTAKA

Fig. 1 Nap of Rotorua region showing major lakes, eprings, river outlets, : l
and di ‘ribution of rock and sediment types. Almost the entire Tt o '
region is mantled by voleanic ash, which does not appear in this
diagram. Lake boundaries are thicker lines; dashed lines represent
approximate boundaries between ruck tyres. Other springs mentioned
in this paper appear on Fig. 4.
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Fig., 3 Tritium fallout recorded at Kaitoke, near Wellington, shown as

annual me=n tritinm cencentrations on a logarithmic scale. In the
South Pacific recion a regular scasonal pattern running from July
to June is always recorded with a maximum duraing August - Oc’ober
and minimum farch - May (Taylor, 1958}, The differences between
mean concentraiions at Rotorua and Kai.oke are pot more than 107.
As an aid to interpretriion, Vne decay lines for tritium are chown
for pre-themmonuclear waier ca. 1554 ,and for water from the year of
maximun concentralion. ganges of tritium concentration exhihited
by Rotorna region lakes and springe during 1970-77 are also shown.
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