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ABSTRACT 

The work of the Stable Isotope Group of the Institute of Nuclear 
Sciences in the fields of isotope geology, isotope hydrology, 
geochronology, isotope biology and mass spectrometer instrumentation 
during 1982 is described. 
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A highlight of 1962 was the initiation of noble gas studies on New 
Zealand geothermal areas in collaboration with overseas groups. Samples 
for He, Ne, Ar, Kr and Xe abundances and ^He/Tfe ratios were collected 
from Wairakei and Mokai for analysis at the Weizmann Institute, Israel 
and the University of California at Santa Barbara, respectively, in 
conjunction with complementary isotopic measurements at INS. 

Mineral oxygen isotope studies on geothermal cores have provided 
information on water-rock interaction at Ngawha. Oxygen isotopes in 
Transhimalayan plutonic rocks show minor crustal contamination as do 
Taupo Volcanic Zone andesites and rhyolites, whereas Himalayan 
leucogranites are sufficiently enriched in to suggest a crustal 
origin. 

Isotopic studies of warm groundwaters in the Tauranga Basin have 
shown that the waters originate locally and that the older waters may 
have been recharged during the last ice age (prior to 12,000 years ago). 
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A technique for measuring the abundances of dissolved gases (including 
the noble gases) in groundwaters is being developed and has been applied 
to the Tauranga waters. 

Carbon isotopes are being used to study, (1) food sources of 
freshwater fish in the Waikanae area, (2) carbon sources of under-ice 
marine ccnnunities in the Ross Sea, Antarctica, (3) effects of forestry 
practices on the energy dependence of benthic stream invertebrates, and 
(4) incorporation of geothermal carbon in algae and invertebrates in 
streams within the Taupo Volcanic Zone. 

The potassium-argon project concentrated mainly on dating volcanic 
rocks from Marie Byrd Land, Hobbs Coast and Ruppert Coas- in the 
Antarctic. Other rocks dated were from North Canterbury (Oligocene 
volcanics), New South Wales (Paleozoic slat ?s), the Kyeburn Formation in 
Otago (Cretaceous tuffs), and Northland (volcanics). Rubidium-strontium 
dates were obtained for Marie Byrd Swanson Group granites and Ford 
granites, and Ford Range sediments (Ordivician/Silurian isochron ages). 
Strontium isotope measurements compared with the SiO_ contents of lavas 
from the Tongariro Volcanic Centre suggest crustal contamination of 
parental magmas is operative, but that hybridisation of magmas of deep 
seated origin and differing silica contents can also occur. Many of the 
lavas show a negative correlation of Sr concentration with 87 S r/86g r 

ratios. Fission track studies on cores from three oil wells in Taranaki 
have revealed details of their thermal histories, and provide 
information on their potential as hydrocarbon source rocks. 

Improvements in instrumentation during the year included 
installation of the triple collector on the NAA mass spectrometer 
allowing simultaneous measurement of 1 3 C / C and 1 % / 1 6 0 ratios in CCv, 
design and building of an accelerating voltage supply for the NAA, and 
installation of an INS-made HAL microcomputer on the argon mass 
spectrometer. 
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1.0 INTRODUCTION 

The Mass Spectrometry Section of the Institute of Nuclear Sciences 
was the first stable isotope research group in Australasia, and is now 
perhaps the most diversified. The group's principal raison d'etre is 
the precise measurement of stable isotope ratios, particularly the 
isotopes of hydrogen, carbon, nitrogen, oxygen, sulphur, and argon, and 
their use in solving geological and other problems. A solid-source mass 
spectrometer for geochronological studies and isotopes of non-volatile 
elements has been added recently. 

The section has pursued a policy of continuous upgrading and 
renewal of instrumentation, in particular the use of electronic 
automation to improve the reliability, accuracy and speed of isotopic 
analyses. The chemical preparation of samples requires a variety of 
vacuum and ultra high vacuum systems. The section attracts working 
visitors from Australia and New Zealand and cooperates with the 
Gee-thermal Institute in Auckland. It plays a significant role in 
isotope standardisation and in the calibration of gas, solute and solid 
geothermometers. Currently, attention is focussed on geothermal 
systems, rock studies, ground water hydrology, radiogenic isotopes and 
regional geochronology in New Zealand and Antarctica. 
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2.0 ISOTOPE GEOLOGY 

2.1 Geothermal Fluids 

2.1.1 General 

The objectives of our stable isotope studies on geothermal fluids 
are to evaluate and apply the stable isotopes as -

1. prospecting tools, by detection of the locations of high fluid 
temperatures or of inflow of hot recharge at depth (e.g. by 
the isotopic fractionations between geothermal gases or by 
"'He/4* ratios); 

2. source markers, by identification of the sources of components 
of geothermal fluids because of unique isotopic compositions 
(e.g. use of D/H ratios to identify water of meteoric origin); 

3. keys to understanding processes within geothermal areas, by the 
effects of these processes on the stable isotopes or noble gas 
abundances (e.g. isotopic fractionation or noble gas depletion 
by steam loss). 

A fourth objective using radioactive isotopes is to determine the age of 
the water in geothermal areas. 

2.1.2 Mokai - J.R. Hulston 

Previous isotopic and chemical analyses of surface features at 
Mokai suggested that hot water upf lows of 200 to 240°C should be 
obtainable by drilling in the central area and that considerably higher 
temperatures existed at greater depth. During 1982 one shallow (MK1) 
and three deep („l500m) holes (MK2-MK4) have been completed. The 
discharge results obtained indicate that our predictions were generally 
correct but that we had made inadequate allowance for the slope of the 
country from south to north. Thus MK1, which is towards the spring 
discharge area in the north, was correctly predicted as having a 
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temperature of 158°C at shallow {-200m) depth and W2 near the central 
natural discharge gave 250°C. Hotter temperatures (290°C) than 
predicted were obtained further south (near the bathhouse) at MK3 while 
lower temperatures (160°C) than predicted were obtained from MK4 at the 
western edge of the central zone. Me have therefore recommended further 
drilling to the south of M Q to determine the extent of the field. 

lb date it has only been possible to make isotopic measurements on 
MKL and MK2. Compared to results for the springs, these indicated 
similar isotopic temperatures for the C02_cn. equilibrium (-490^)» ^aat 

higher than those previously obtained for the H ^ ^ equilibrium (250°^ 
- presumably due to the faster reequilibrium time of this exchange. It 
is hoped that samples from M O and 14(4 can be obtained and analysed 
early in 1963. 

2.1.3 Belium-3 in geothennal fluids - J.R. Hulston 

During the last decade it has been found by the few overseas 
laboratories equipped to measure helium isotope ratios at atmospheric 
levels ( •W 4!** ~ 1.2 x 10~^) that helium extracted from mid-ocean ridge 
basalts has an isotope composition enriched in -Hfe by ~io times relative 
to the atmosphere. Available data from Iceland and other "hot spot" 
geothermal areas indicate even higher helium ratios. More recently 
T. Torgersen from Woods Hole, Massachusetts and J. Lupton from Scripps, 
San Diego in conjunction with DSIR chemists W. Giggenbach and 
D. Sheppard, collected and measured samples from a variety of 
N.Z. areas. These analyses indicated that helium from our present 
geothermal areas are enriched in his by 3.6 to 8.2 times atmospheric -
ratios which are typical of subduction zone thermal areas. 

Since this excess helium-3 is generally accepted as being of 
primordial origin it was considered possible that variations in this 
excess within a given field might be able to indicate those wells or 
sections of the field which have the highest primordial content and are 
associated with recharge of highest heat content. Arrangements have 
been made with Or John Lupton at the University of Santa Barbara, 
California for a joint project on this investigation and an application 
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for funds for Dr Lupton have been made under the U.S.-N.Z. cooperative 
science program. A preliminary collection of samples from Wairakei was 
made in October this year and the sample bottles shipped to Dr Lupton 
for analyses at Scripps. Collections were also made for analyses of 
carbon and hydrogen isotopes in CH 4 g ^ H ; 2 to g ^ i f a correlation can 
be found. 

2.1.4 Ngawha - G.L. Lyon, J.L. McCardle 

Several new wells at Ngawha have been sampled by Chemistry Division 
and their fluid isotope compositions measured. These included wells 
NG8, NG11, NG12, NG13 and re-sampling of N32 and NG9. Most well water 
and gas compositions are very similar to each other and previous 
measurements. 

A significantly different sample was an "inflammable gas" sampled 
from NG18 while in its shallow stages of drilling. The methane carbon 
isotope value of -31.6°/oo showed conclusively that the gas was 
different from the Ngawha hot spring gas, yet was not of biogenic origin 
(e.g., marsh gas); instead, it was probably from heating (>100°C) of 
the upper sediments which may include coal. 

2.1.5 Te Kopia - G.L. Lyon 

These samples, collected by Dr D.S. Sheppard of Chemistry Division, 
confirmed earlier indications that most of the Te Kqpia spring water 
appears to be evaporated surface water with no evidence of 
oxygen-shifted deep geothermal water. Gas isotope studies are limited 
by the low concentrations of methane and hydrogen but 6^C(CH.) values 
near -28°/oo indicate a different gas from that at Orakeikorako. 

2.1.6 Miscellaneous geothernal and volcanic gases - G.L. Lyon, 
J.L. McCardle 

Various geothermal gases frcm other areas such as Wairakei, 
Waiotapu, Waimungu, Broad lands and Mt Ngauruhoe, have been analysed for 
Chemistry Division staff. Comment will be made generally as part of 
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area studies. The Mt Ngauruhoe gases confirm isotopic equilibrium of 
the hydrogen gas with water vapour at temperatures in excess of 700°^. 

2.1.7 liable gas abundance measurements in geothemal fluids -
M.K. Stewart 

Noble gases from geothermal systems are either purely atmospheric 
in origin or contain radiogenic or primordial contributions. Dissolved 
atmospheric noble gases are carried into groundwater systems by 
infiltrating surface water, but retain their original isotopic ratios. 
Radiogenic (*He, *9AT) and primordial (%e and perhaps ^-^Xe) isotopes 
can be added underground. Generally, Ne, Kr and Xe derive only from the 
atmosphere and are affected by the recharge temperature and altitude and 
by separation of a vapour phase underground. He and Ar are affected 
also by the underground sources of the gas. 

While Dr E. Mazor was visiting the Institute of Nuclear Sciences in 
May, gas samples were collected from a number of geothermal wells and 
surface features at Wairakei and nearby areas (Mokai and Ifeuhara). D/H 
and 1 8 0 / 1 6 0 , tritium and gas measurements are being made at INS, and 
noble gas abundance and ^Ar/^Ar ratios will be measured by Dr Mazor at 
the Weizmann Institute of Science in Israel. 

2.1.8 Kawerau - M.K. Stewart, T. McTague 

Water samples from wells KA21, 22, 24, 27, 28, 30 and 32 sampled by 
Chemistry Division were analysed for D and 0. Samples collected with 
the Webre separator gave geothermal water with 5 ^0 = -3.3°/oo, 5D 
a 3°/oo in agreement with previous work. Weirbox samples from other 
wells, when corrected for steam loss, did not agree with previous 
results, probably because of evaporation at about 100°c after discharge 
from the drillpipe. 

Although, weirbox samples can sometimes give reasonable isotopic 
results (if sampled from a well under full discharge and from below the 
surface in the actual weirbox at boiling temperature), it is much safer 
to sample water and steam separated at high pressure and temperature. 
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For water-rich wells, water samples collected under high pressure may be 
sufficient. 

2.1.9 Overseas samples - Stable Isotope Geochemistry of the 
Tongonan Geothernal System. Leyte Philippines - J.R. Hulston, 
M.K. Stewart 

Over the last decade INS have been analysing waters from geothermal 
wells and natural features at Tongonan in conjunction with scientists 
fran Chemistry Division, DS1R and the geothermal consulting firm 
Kingston, Reynolds, Them and Allardice Ltd. (KRTA). This has been part 
of the N.Z. Aid programme in the Philippines - with Tongonan being the 
first area investigated. As Dr Hulston had visited the Philippines and 
discussed Tongonan with KRTA scientists in July, we decided to present a 
joint paper with KRTA on Tongonan to the Pacific Geothermal Conference 
which was held in Auckland in November. 

At Tongonan, water front the deep wells shows an oxygen-13 shift of 
+5°/oo which is correlated with the mineralisation of the water, but not 
with temperature. Isotopic measurements of methane in the gases 
suggests differing flows from the Eastern and Central Philippine faults 
may be a factor in this. It is hoped that an oxygen isotope study of 
drill core minerals (see below) will shed more light on these flows. 

2.2 Oxygen and carbon isotopes in solids-Joint. Laboratory 
with Geological Survey - P. Blattner, S. Healy, J.R. Hulston 

2.2.1 Geothennal exploration 

The study of water-rock interaction by oxygen isotopes leads to a 
better understanding of the pre-exploration recharge hydrology, Which, 
in turn, forms the basis for understanding the behaviour of geothermal 
systems actually under exploration. As the throughput of water 
increases, the capacity of the original reservoir rock to change the 
water isotopically becomes gradually used up. The relative oxygen 
isotope shifts of current discharge waters and reservoir rock thus 
allows us to calculate cumulative water/rock ratios for individual 
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systems. Based on the most simple flow model available the following 
geothermal systems show increasing hydrological maturity as measured by 
water/rock ratios: 

System Cumulative volume ratio 
water/reservoir rock 

Ngawha 0.2 
Tongonan 0.6 
Salton Sea 0.7 
Kawerau 1.6 
Wairakei 2.6 

This order presumes a meteoric recharge and does not take into 
account possible initial inputs of magnetic water. Where such an input 
exists (Ngawha), the throughput of surface water would have been even 
lower. The result for Tongonan is preliminary, as only few rock 
analyses are available as yet; a cooperative project with the 
Geothermal Institute on the system will begin in 1983. 

2.2.2 Ngawha 

Two collecting visits were paid to Ngawha by S. Healy. Further 
analysis of downhole minerals (to date from NG 2, 3, 4, 5, 8 and 9) show 
two effects: 

1. There is a strong suggestion of an increase of 5 ^°0 with depth 
for seme individual holes as well as for the pooled data. The 
minimum occurs at the top of basement (basement-cover 
interface). The situation may be explained by short-circuiting 
of surface water along the interface. 

2. There are small differences in 5 1 8 0 between sub-areas or 
sub-prisms of the system. For wells NG 2 and 3, calcites show 
the lowest 5 1 8 0 , whereas NG 4 and 9 have values about l°/oo 
higher, so that parallel increases with depth exist for a 
northeastern and southwestern part of the system. Further to 
the southeast NG 11 shows very high S l$o values in greywacke 
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basement (at 1000-1200 m depth), suggesting proximity of 
downfaulted cover sequence. 

2.2.3 Plutonic rock series and continental margins 

Batholiths of active continental margins, and the corresponding 
surface volcanism show typically rather random increases in 6*0. due 
to the assimilation of l fb-rich continental material; a typical 
example are the Taupo Volcanic Zone andesites (Taupo I trend of Blattner 
and Reid). However, even in the absence of contamination, the cumulates 
in magnetic differentiation are slightly depleted in and consecutive 
liquids become 180-enriched. This was shown to be the case for the 
primitive oceanic Hachijo-Jima sequence of Japan, by Matsuhisa. The 
Darran Complex in the Fiordland basement shows very low and 

S r / 8 6 ^ values (about 5.6 and 0.7037, respectively), suggesting it to 
be totally oceanic and perhaps to belong to a cumulate trend rather than 
a line of liquid descent. 

Work on New Zealand rocks continues in concert with geological 
mapping and petrology as well as radiometric dating (see 4.2). This 
means relatively slow progress, but several excellent topics are open 
for cooperative projects or DSIR sponsored Ph.D. work. 

2.2.4 Himalayan plutonic rocks 

The batholiths of the Transhimalaya have for the first time been 
studied from an oxygen isotope point of view, in joint projects with 
A. Gansser and V. Dietrich (ETH, Zurich) and Jin Chen-Wei of the 
Acadeida Sinica, (Beijing). The intrusives show significant 
contamination only at Si0 2 greater than about 60% and conform well to an 
Andean type batholith, which belonged to the pre-collision southern 
margin of Eurasia. The leucogranites of the High Himalaya are, on the 
other hand, very C—enriched and almost certainly products of crustal 
anatexis. A recently published theory that these granites became 
depleted in REE (rare-earth elements) by interaction with a vast excess 
of meteoric water cannot be upheld in view of the 5 values and their 
concordance for different minerals. 
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Fig. 1 gives an overview of seme world-wide data so far obtained. 

2.2.5 Prehistoric settlement patterns of Otago 

About 200 additional shell samples were analysed in this project 
with M. Till (Dept. of Anthropology, Otago University), who visited for 
3 weeks each in May and August. The work is most sucessful in that for 
several sites and layers, specimens of Mytilus edulis show consistent 
seasons of death. (Fig. 2). For those sites not seriously affected by 
alteration the anthropologist thus has a way to positively identify 
seasons of occupation. On the other hand, absence of evidence frctn 
Mytilus does not necessarily imply complete absence of occupation. A 
paper on this work will be presented at the Pacific Science Congress. 

2.2.6 Coal 

In the absence of more suitable equipment, a final effort was made 
with existing equipment to gain information on the oxygen isotopes of 
coal. It was not possible, however, to separate CO- from other 
pyrolysis products obtained, either physically or in the mass spectrum. 
A more sophisticated method developed by Brenninkmeijer and Mook seems 
promising and we have initiated cooperation with Dr Brenninkmeijer. 
Once the organic oxygen can be measured separately it will give 
important clues on the origin and maturation history of coal. There is 
no doubt, however, that progress will still require a thorough 
investigation in conjunction with chemical and petrolcgical study of the 
coals. This could be a DSIR sponsored Ph.D. project, but it would 
require space, equipment and a suitable candidate. 

2.2*7 Lectures, meetings, papers 

The regular introductory isotope lectures were again held at the 
Geothermal Institute in May and the class much enjoyed laboratory 
demonstrations and discussions when visiting Lower Hutt in July. A 
2-day workshop on Fiordland and Nelson basement geology was organised at 
the Geological Survey in connection with mapping of the Milford-Holyford 
area. An overview of rock-water interactions in geothermal systems was 
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presented at the 4th Geothermal Vbrkshop and Pacific Geothermal 
Conference. The paper on magnetite - Hg> oxygen isotope fractionation 
in Wairakei, with Braithwaite and Glover, received good reviews. 

2.3 Ore Deposit Studies - J.R. Hulston 

Much of this work is in abeyance while Dr Robinson is on leave 
overseas. 

2.3.1 Sulphur isotope studies 

Sulphur isotope measurements have been made by Mr J. Dunbier of 
University of Canterbury and A. Christie of Victoria University, who was 
awarded his Ri.D. later in the year. Dr Christie's thesis topic, for 
which Dr B.W. Robinson was a supervisor, was entitled "Fluid inclusions, 
stable isotopes and geochemistry of porphyry copper and epithermal vein 
deposits of the Hauraki gold-silver province, New Zealand". 

2.3.2 Fluid inclusions 

Measurements of fluid inclusion homogenisation and freezing 
temperatures have been carried out during the year by several groups 
from the Auckland University Geothermal Institute and also by Mr 
J.Y. Bradshaw, a Ph.D. student at the University of Otago, who is 
working on high-grade metamorphism in Northern Fiordland. 
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Fig. (1). Oxygen isotopes in igneous rock series. Overview of 
vrorld-vade data obtained at IMS, and Hachijo-Jima. The Taupo I 
(Andesite) trend shows significant crustal contamination, whereas the 
Himalayan leucogranites are sufficiently enriched in l8o to permit an 
origin by crustal anatexis. (In cooperation with A. Gansser, Jin 
Chen-wei, V. Dietrich, and F. Reid). 
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Fig. (2). Consecutive growth zones of mytilus edulis individuals of 
differing size, from one midden layer. In each case the animal died 
shortly after the minimal value was reached, that is after the 
season of maximum temperature. (Cooperative project with M. Till). 
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3.0 ISOTOPE HYDROUOGY 

3.1 Groundwater systems - M.K. Stewart 

3.1.1 General 

Although stable isotopes can yield useful information on sources of 
water recharge or origins of chemical constituents, investigation of the 
dynamics of groundwater systems often requires measurements of other 
isotopes (e.g. tritium or carbon-14) as well as the stable isotopes and 
chemistry. In recent studies, we have sampled for all or sane of 
tritium, carbon-14, radon-222, dissolved gases and chemistry as well as 
the stable isotopes, and are developing equipment to measure the noble 
gas abundances. An example of this approach is the Tauranga system 
below. 

3.1.2 Tauranga warm waters 

Groundwaters with temperatures of 30-50°C are tapped by wells in a 
region centred on Tauranga in the Bay of Plenty. During March, samples 
were collected from 9 wells in the area. Preliminary interpretation of 
carbon-14 measurements indicate that the waters are old (ranging between 
2 and 25,000 years). The tritium contents are also extremely low (0.007 
to 0.059 TR). The 5^8o values of the water are siniilar to present day 
rainfall in the area, except for the two oldest waters which have lower 
18 5 o values, possibly indicating water derived during the last ice age 

when the climate was cooler. Dissolved gases were analysed and the 
older waters contained methane and nitrogen derived frcm organic matter 
(peat) within the sediments. Younger waters contain nitrogen and argon 
derived from solution of air in the recharge waters. Dissolved oxygen 
is present in two of the waters. Other measurements and chemistry are 
affected by (i) mixing with sea water contained within the marine 
sediments, (ii) changing redox conditions because of buried organic 
matter, and (iii) water/rock interactions. 
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3.2 Precipitation studies 

3.2.1 SoJth Pacific Rainfall - M.K. Stewart, T.M. McTague 

Stable isotope measurements of monthly rainfall totals were carried 
out during 1962 for meteorological stations at Kaitaia, Taupo Airport, 
Gracef ield and Invercargill in New Zealand and at Rarotonga in the Cook 
Islands. Seme of these stations (underlined) are part of the I.A.E.A. 
rainfall network; as well as being of meteorological interest, the data 
are useful as background information for groundwater studies. 

3.2.2 Colorado summer rainstorm - M.K. Stewart 

The isotopic compositions of ice, raindrops and atmospheric vapour, 
collected by aircraft below a Colorado thunder cloud, showed effects due 
to cloud processes. These included (1) isotopic enrichment of the drops 
by evaporation as they fell to the ground, (2) alteration of the 
isotopic compositions of the atmospheric vapour because of vapour 
derived from the raindrops, and (3) recognition of low-level air at 
higher levels in updraughts by means of their characteristic isotopic 
compositions. This was the subject of a paper given to the American 
Geophysical Union meeting in San Francisco in December. 

3.3 Deuterium and oxyqen-18 analysis - M.K. Stewart, 
T.M. McTague 

Problems of uranium migration in the system for conversion of water 
to hydrogen gas for deuterium Analysis returned to haunt us, 
necessitating a return to the zinc/sand conversion method. The uranium 
conversion line will be cleaned and modified before trying it again. 
During the year, Dr Lyon made preliminary tests of a new method of 
sample preparation, which uses zinc shot and water in enclosed reaction 
tubes for reduction to hydrogen gas. At present, hydrogen yields are 
less than 100%, which seems to be due to unsatisfactory preparation of 
the zinc shot. Tests are continuing. 

Good results have been obtained this year with the water-carbon 
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dioxide equilibration system and the upgraded N.A.A. mass spectrometer. 
Each mass spectrometer run includes two standards, an intercanparison 
sample (INS-9) and 14 samples. Twenty-nine measurements of INS-9 gave 
-17.50°/co with a standard deviation of +O.IOP/00. Our previously 
measured value for INS-9 is -17.46°/oo. 

3.4 Dissolved gas analysis - M.K. Stewart 

Analysis of gas dissolved in groundwaters was carried out using the 
old sulphur (G.P.) mass spectrometer. Samples of water were collected 
in evacuated flasks in the field and the dissolved gas extracted by 
acidifying the sample and pumping off the gas with a toepler pump. The 
total amount of gas was measured using a mercury manometer, then the 
ratios of Ar/^ and O2/S2 were measured in the mass spectrometer, using 
air to calibrate the sensitivity of the mass spectroneter to each gas. 
The system was used to analyze gases dissolved in the Tauranga waters. 

A second line has been built by the glassblower to allow part of 
the sample to be cleaned up so that the abundance of He and possibly of 
Ne and Kr, as well as the ^Ar/^Ar and 3 8Ar/ 3 6Ar ratios, can be 
measured. 
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4.0 GBOCHRttJOLOGY 

4.1 Potassium argon dating projects - C.J. Adams, P.F. Whitla, 
E.M. Field, C M . Rutter 

The major dating project this year was on volcanic rocks from Marie 
Byrd Land, Antarctica. Other minor projects completed were: (1) 
Paleozoic slates from New South Wales. (2) Oligocene volcanics in North 
Canterbury. (3) Cretaceous tuffs in the Kyeburn Formation, Otago. 

New work was started on Northland volcanics in collaboration with 
two Auckland university students. Same work on igneous rocks from the 
Philippines geothermal area is being considered for suitability. 

In January C.J. Adams carried out field work on the Auckland 
Islands, collecting a suite of igneous and volcanic rocks for future 
K/Ar work. P.F. Whitla and C.J. Adams joined D. Skinner (NZGS) in 
collecting sane Mercury Basalt samples from Corcmandel. 

4.2 Rubidium-strontium dating projects - C.J. Adams, E.M. Field, 
P.F. Whitla, J.R. Hulston 

This year, the machine time on the solid source mass spectrometer 
(MM30B) was shared about equally between INS and I. Graham for Victoria 
University. P.F. Whitla carried out dating work on Marie Byrd Land 
Swanson Group granites and Ford granites. This work was in 
collaboration with S. Weaver (Canterbury University) who provided XRF 
Rb-Sr contents. Same low-Sr Clark Mountains rocks have caused some 
difficulties. E. Field completed work on a suite of Ford Range 
sediments and produced iscchrons giving Ordivician/Silurian ages. 

Two visitors used the MM30B during the year. Dr Ian Smith 
(Auckland University) learnt the procedure and did work on some Mt 
Egmont volcanics and Whangarei andesites. Dr Andy Tulloch (NZGS) also 
learnt to use the machine and analyzed same Victoria Range, Westland 
granites. 
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4.2.1 Strontium isotope study of Toogariro volcanics -
I.J. Graham, C.J. Mams 

Mr Graham continued his Sr isotope work on Central North Island 
volcanics as a Ifi.D. project supervised by Or Mams who has been 
appointed as an Honorary Lecturer in Geology for this purpose. (Dr 
Hulston substitutes while Dr Adams is overseas). 

Research to-date has been concerned with the genetic implications 
of various geochemical trends found in rocks of the Tongariro Volcanic 
Centre. Major element trends (Si02, cao, K2O) and incompatible trace 
element trends (Ba, Rb, Zr) within many of the lava series are 
suggestive of particular genetic models; seme of these can be tested by 
isotopic work. Findings from the 120 lavas analysed for ̂ Sr/^Sr are: 

1. Most lavas show a positive correlation between ® 7Sr/^%r and 
SiO , often indicative of increasing contamination (with or 
without fractionation) of a parental magma by crustal material 
(of higher Si0 2 and ^Sr/^Sr). 

2. A few lavas (e.g. Pukeonake) are characterised by moderately 
low °'Sr/^Sr (for their silica content) and contain 
petrological features which strongly suggest derivation by 
hybridisation. This process involves mixing of a basic magma 
(e.g. Waimarino basalt) with one of more siliceous character 
(e.g. E5 Dacite). The isotopic data does not preclude such a 
mechanism for these rocks. 

3. Pbr many of the lavas there is a strong negative correlation 
between Sr concentration and ^'Sr/^Sr. The full implications 
of this relationship have not yet been investigated. 

The next phase of research will involve a comprehensive study of an 
extensive xenoli th suite procured from the Mt Ruapehu lavas in the hope 
that a relationship can be derived between the local crustal rocks 
(mainly Mesozoic greywacke - argilx^te of the Torlesse Super-group) and 
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the contamination trend in the lavas. 

Preliminary isotopic, major and trace element studies indicate that 
the xenoliths are of several distinct types: 

1. Baked Tertiary sediment (possibly also the widespread quartzose 
xenoliths). 

2. Baked Tbrlesse (these rocks appear to have remained closed 
systems in which the metamorphic grade have increased greatly). 

3. Restates from partially melted Tbrlesse (these are severely 
depleted in incompatible elements and radiogenic strontium and 
are enriched in Ni and Cr). 

4. Cognates from the host lavas or older stock. 

Computer modelling of the various geochenical parroraters available 
(which may include Nd and 0 isotopes and REE pattern:) will be used to 
quantify the above observations and to test the suitability of other 
possible genetic schemes. 

4.3 Argon analysis - P.P. Whitla, E.M. Field, C.J. Adams, 
J.R. Hulston 

A large amount of work has been done this year on programming the 
HAL microcomputer. It now successfully controls the voltage switching 
to the MS, the collection of the Cary output and the age calculations. 
Problems with peaking the signal are still occurring and as yet this is 
still done manually. Some changes to the error calculation and fitting 
of the regression line were made. A 71)58 Digital tape unit has been 
installed for data storage. The Gracefield Air Standard was giving 
unacceptably variable results towards the end of the year but a new 
filament seems to have improved this. The second Ar extraction system 
is now residing in the Ar Lab but as yet the old system is still 
requiring full-time attention. 
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4.4 Potassium analysis - C M . Rutter, E.M. Field, P.P. Whit la, 
J.R. Hulston 

The flame photometer has had very little use this year due to 
ccmnittraents on other work. A group of Marie Byrd Land igneous rocks 
were analysed earlier in the year. A duplicate set of col urns have been 
set up so that twice the number of samples can be run at one time. 
Oorrosion due to acid vapours has taken its toll again and a fan has now 
been placed inside the machine to try and circulate air better. 

4.5 Strontium Techniques - E.M. Field, P.P. Whitla, I.J. Graham 

During this year further work has been done on improving the 
chemical methods used to separate rubidium and strontium. This progress 
has been aided by the use of radioactive tracers - ®^Rb, ̂ Ca a ^ 8 5 S r . 
The collection points for strontium have been more accurately 
established with the help of these tracers. Confirmation of previous 
flame photometer results has been useful. Further work is still to be 
done on the chemistry to reach an even higher degree of accuracy for 
samples to be run on the MM30B. 

4.6 Fission track dating - D. Seward 

4.6.1 Taranaki oil basin 

Twenty "ages" on detrital apatite, sphene and zircon frcm the 
sedimentary horizons in three oil wells of Taranaki have been completed. 
Zero apatite "age" was reached in all three holes but at different 
depths and stratigraphic levels in each, indicating different thermal 
histories for each. Zircon ages appear to be true detrital grain ages 
with a large spread within each sample. They have not been affected by 
increasing dowrihole temperature. As this pilot study revealed 
interesting results, more samples from higher in each core have been 
prepared, irradiated and are now waiting counting. 
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4.6.2 West Coast and Alpine Fault 

Nineteen further zircon and apatite dates are completed adding to 
the overall picture reported last year. For elucidation of the initial 
trends another 36 apatites and 20 zircon separates are prepared and 
irradiated. 

4.6.3 Miscellaneous 

1. Three Pleistocene tephra layers have oeen dated from cores 
taken from the Chatham Rise (with Dr D. Cullen, N.Z.O.I). 

2. An obsidian dating progranme covering Northland and the 
Coromandel Peninsula is in progress (together with P. Moore, 
NZGS). 

3. Three samples of deep sea basalts from the N. Fiji Basin 
contain rare fossil tracks. The ages of these basalts are 
crucial to the interpretation of local transcurrent movement in 
the North Fiji Basin (in conjunction with J. Eade, N.Z.O.I.). 
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5.0 ISOTOPE BIOLOGY AND OTHER FIELDS 

5.1 Applications of stable isotope techniques to ecological 
research 

5.1.1 General - J.S. Rounick, G.L. Lyon 

The early stages of this work began with the collaboration between 
J.S. Rounick (then a Ph.D. candidate at the University of Canterbury) 
and G.L. Lyon on a project which assessed the utilisation by benthic 
invertebrates of algae and forest inputs in alpine streams of Canterbury 
and the West Coast (see last year's report for details). In August 1962 
(after completion of his thesis), Dr Rounick began work at INS on a 
temporary one-year appointment to assess the potential uses of stable 
isotope methodology to ecological research. His current research 
involves several simultaneous projects being conducted in collaboration 
with researchers thoughout New Zealand. 

5.1.2 Freshwater fish - J.S. Rounick 

This project, in co-operation with the Freshwater S<»ction of the 
Fisheries Research Division, Ministry of Agriculture and Fisheries, 
Greta Point, uses carbon isotopes to investigate food sources used for 
fish production (both native and exotic) in large rivers flowing through 
different catchment types in the Viaikanae area. 

5.1.3 Antarctic under-ice coanunity - J.S. Rounick 

Research on the carbon sources of the under-ice marine ccmnunity of 
the Ross Sea, Antarctica, will be conducted in the New Year using stable 
carbon isotope ratios. This will involve one month's field work at and 
around Scott Base (January 1963) and is being conducted with Professor 
G. Knox of Canterbury University and the Antarctic Division. 

5.1.4 Freshwater invertebrates - J.S. Rounick 

Continuing research work with Dr M.J. Winterbourn of Canterbury 
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University, on the effects of forestry practices on the energy 
dependence of benthic stream invertebrates of the Fbrest Service's 
Maimai Experimental area near Reefton, is being conducted to follow up 
ideas produced as a result of earlier work. 

5.1.5 Geotheraal stream ecology - M.R. James, G.L. Lyon, 
J.S. Rounick 

Preliminary results of a small collection from the Taupo Volcanic 
Zone show differences from ordinary streams, with most algae and 
invertebrates more enriched in 1 ; 3C due to the geothermal carbon source. 

5.2 Wine adulteration - M.K. Stewart, M.R. James 

A few tests were made by D/H and J-Qo/l̂ o analysis of some wines, to 
estimate possible dilution by local water. A number of variables affect 
the grape juice isotopic composition, e.g., humidity, variety, date of 
harvest. Considerable dilution was detected in sane cases. 

5.3 Atmospheric carbon dioxide, methane and sulphur 

5.3.1 Carbon dioxide - G.L. Lyon 

Carbon dioxide is relieved fran air samples collected at Baring 
Head, and samples stored after purification. When several years of 
sampling are available, their isotope compositions will be compared in a 
high precision mass spectrometry run. 

5.3.2 Methane - M.K. Stewart 

While on study leave at the U.S. Geological Survey in Denver, 
Colorado, Dr Stewart worked on the extraction of methane from air 
samples (from which carbon dioxide had already been removed) so that 
both the CO and CH. could be analysed for 1 3 C , in collaboration with 
Dr Irving Friedman. Samples were being collected from Alaska, Hawaii, 
Samoa and the South Pole to get global coverage of the isotopic 
compositions. Like the a> 2 abundance, the amplitude of the 1 3 C seasonal 
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variations decreased markedly from north to south. The l^c/l^c ratio of 
atmospheric COj is showing a long-term decrease due to input of fossil 
fuel (X>2 to the atmosphere. There is insufficient data at present to 
say wiisther the 13c content of atmospheric CH. shows a seasonal 
variation, but there is also a long-term decline in its 1 3 C / 1 2 C ratio. 
This work is continuing. 

5.3.3 Atmospheric sulphur - B.W. Shilton 

An isotopic study of sulphur compounds in the atmosphere commenced 
by Or B.W. Robinson in 1960 in conjunction with Professor Natusch of 
Colorado State University (now N.Z. Liquid Fuels Trust Board) and Dr 
Dian Hitchcock (NSF) was completed during the year. Unfortunately, it 
has been found that the sulphur isotope variations are too small to be 
able to distinguish between the possible source materials at the present 
overall measurement error of the sample collection, purification and 
analysis procedure. 

5.4 Nitrogen isotope studies - J.R. Hulston 

Analysis of nitrogen-15 measurements made at IMS last year by Mr 
Iqbal Mohammed (and Dr Paul Gregg) of Massey university has shown 25-30% 
utilisation of nit_rogen-15 enriched urea by a crop. This work is now 
being prepared for publication. 

A new project has begun in conjnction with Mr Roger Thomas, a Ph.D. 
student working with Dr D. Mead at the School of Forestry, University of 
Canterbury. Different times and frequencies of application of 
nitrogen-15 enriched urea will be used in an attempt to find conditions 
in which greater utilisation of urea nitrogen by pine trees occurs. 
(Nitrogen utilisation by pine-j can frequently be as low as 6%). 

5.5 Reaction rate studies - J.R. Hulston 

Several batches of 180-enriched CO have been analysed for 
Prof. J. Buckingham and Mr G. Miskelly of the Chemistry Departnent of 
the University of Otago. 
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6.0 MASS SPECTROMETER IHSTRUMENTATIOH 

6.1 Upgrading of mass spectrometers - W.H. Heald, J.R. Hulston, 
M.K. Stewart 

6.1.1 Triple ion beam collection 

A triple collector which allows simultaneous measurement of 1 3c/ 1 2C 
and iQo/ 1^ isotonic ratios of <X>2 was installed on the Nuclide (NAA) 
machine early this year following preparatory work last year. One new 
electraneter was constructed, and with the two previously-used vibrating 
reed electrometers, outputs voltage to the electronic module constructed 
last year (see the 1961 Annual Report) and the HAL microcomputer, which 
computes and prints out the isotopic ratios. Operation has been very 
satisfactory and throughput of samples requiring both 1 3C and 
analyses has been greatly increased. 

A new accelerating voltage supply was also designed, built and 
installed on the NAA mass spectrometer. 

6.1.2 Automatic sample pressure balancing 

As time permits, work is progressing on electronic units to control 
sample pressures using bellows and stepper motors for the MM602 and 
MML202 machines. 

6.2 Maintenance 

6.2.1 Stable isotope mass spectrometers and sample preparation 
systems - J.E.R. Penman, M.K. Stewart, W.J. Judd 

The GP mass spectrometer was modified to attempt noble gas 
abundance measurements during Or E. Mazor's visit in May. In 
particular, the scan unit was checked, a glass on-line system was built 
for sample processing and a new inlet leak put on. 

The MM602 required new bellows on the sample side. 



Although at present lightly used, the NM1202 has required 
considerable maintenance. 

6.2.2 MC30B Solid source mass spectrometer - J.R. Hulston, 
W.H. Heald, J.E.R. Penman 

Continued troubles with the EHT supply were traced to design faults 
and it is hoped that modifications made will reduce problems in the 
future. 
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7.0 TRAVEL AND VISITORS 

7.1 Study leave in California - G.L. Lyon 

Dr Lyon returned in April from 5 months in the U.S., mainly at the 
U.S. Geological Survey, Menlo Park. He worked with Dr A.H. Truesdell of 
the USGS AND Dr D. DesMarais of NASA, building a new gas 
chromatograph-vacuum system for preparing methane and hydrogen from 
geothermal gases for stable isotope analysis. He also visited the Cerro 
Prieto Geothermal Field in Mexico, and the USGS Volcanological 
Observatory at Vancouver, Washington. 

7.2 Visit to Japan and the Philippines - J.R. Hulston 

During July, Dr Hulston visited the Philippines for one week as 
part of the N.Z. Foreign Aid Programme. Four days were spent at 
Tongonan, Leyte, lecturing on the application of stable and radioactive 
isotopes in geothermal research, to a group of 21 scientists and 
engineers - mostly from the various locations and divisions of the 
Philippines Nation Oil Company (PNOC), and seme from the Bureau of 
Energy Development (BED) and the N.Z. consultants K.R.T.A. Discussions 
were also held on the interpretation of the D/H and ^-^o/^-^O measurements 
which INS had made on Philippine samples and a visit was made to the 
Palimpinon field in S. Negros. 

Enroute to the Philippines Dr Hulston spent a week attending the 
Fifth International Conference on Geochronology Cosmochronology and 
Isotope Geology, held at Nikko National Park, Japan. He presented a 
paper entitled 'The role of stable isotope geothermanetry in the 
prospecting of a new geothermal area at Nokai, Taupo Volcanic Zone, New 
Zealand. 

7.3 Study leave in Colorado - M.K. Stewart 

In August, Dr M.K. Stewart left to spend 5 months with the U.S. 
Geological Survey in Denver, Colorado, to work on carbon-13 measurements 
on atmospheric methane and carbon dioxide with Dr Irving Friedman. Both 



of these gases cause a 'greenhouse' heating effect in the atmosphere and 
their current increase is causing world-wide concern. The carbon-13 
measuronents are being made to improve Knowledge of the sources and 
sinks of these gases. 

7.4 Humboldt Fellowship to West Germany - C.J. Mams 

Dr Adams was awarded a Humboldt Fellowship and will spend 15 months 
in West Germany, first at the Geological-Paleontalogical Institute and 
Museum in Munster and then at the Federal Centre for Earth Science and 
Natural Resources in Hannover. During his stay he will carry out 
geochronological studies on New Zealand and Antarctic rocks using a 
variety of techniques. 

7.5 Visit by Dr Bnanuel Mazor 

Dr Mazor visited IMS for four weeks in May. During his visit Dr 
Mazor y w - one-day seminars on "Isotope Techniques in Groundwater 
Hydrology" at Gracefield and at the Water Research Centre in 
Christchurch and spoke to the Geothermal Center at Wairakei. He also 
collected samples from Wairakei ar J helped modify a mass spectrometer 
for noble gas analysis with Dr Stewart. 

7.6 Post-Doctoral Appointment of Dr Jim Rounick 

In August, Dr Rounick (formerly at the University of Canterbury 
Biology Department) began work at INS to assess the potential uses of 
stable isotope methodology to ecological research. His current research 
involves several projects in collaboration with researchers throughout 
New Zealand. 
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D. Seward 
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Isotope Geology (N.Z. Geological Survey) 
Strontium Isotopes (Ph.D Research V.U.W.) 
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Isotope Biology 
Fission Track Dating 
Isotope Hydrology 

Technical Staff 

E.M. Field 
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P.F. Whitla 
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Geochronology K/Ar 
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