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1 . 1 SUMMARY 
The work of the group in 1984 is described and includes studies in 

isotope geology, isotope hydrology, geochronology, isotope biology and 
mass spectrometer instrumentation. 

Geothermal studies have decreased compared to other years, but 
major data summaries were made for Wairakei and Ngawha. The hydrology 
of Whakarewarewa and Rotorua is being elucidate^, usjng water isotopes. 
Models of the subsurface flows at Kawerau and Ngawha are being made to 
relate f l u i d to mineral isotope compositions. 

A study of the 6 1 3C and 6 3 I ,S compositions of New Zealand o i ls has 
been started. Groups of oi ls of related origin are being defined, and 
compositions w i l l be compared with those of potential source rocks. A 
method was developed for isotope analysis of sulphur in rocks. 

The isotopic composition of water is being used to ident i fy and 
characterise groundwater aquifers in the Wairarapa and at Poverty Bay. 
Stable carbon isotopes have been used to identify food sources for 
invertebrates, and to show biochemical pathways in lactation by cows. 

The geochronology group is involved in major studies in 
Antarctica, using U-Pb, Rb-Sr and K-Ar methods. Rocks from North 
Victoria Land, Marie Syrd Land and the USARP Mountains are being 
compared with possible correlatives in New Zealand and Argentina. 
Strontium isotope data is being applied to the origin of magmas in 
several regions of New Zealand. The K-Ar data is being stored on 
computer f i l e s . Fission track measurements are being applied to unravel 
up l i f t histories in Westland and Taranaki. 

1 . 2 KEYWORDS 

AGE DETERMINATION; ANTARCTICA; C-13; DEUTERIUM; FISSION TRACK DATING; 
GEOCHRONOLOGY; GEOTHERMAL PROSPECTING; HYOROGEOLOGY; HYDROTHERMAL 
PROCESSES; K/AR; MASS SPECTROSCOPY; N-15; NEW ZEALAND; 0-18; 
PETROLEUM; RADIOGENIC ISOTOPES; S-34; SR/RB; STABLE ISOTOPES. 
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1.3 INTRODUCTION 

The Mass Spectrometry Section of the Institute of Nuclear Sciences 
was the first stable isotope research group in Australasia. The group 
has functions principally related to the precise measurement of stable 
isotope ratios of hydrogen, carbon, nitrogen, oxygen, sulphur, argon, 
rubidium and strontium by mass spectrometry. Most of these analyses are 
for geological studies, and to enable effective use of isotopic data the 
section also includes specialised methods for analysis of fission 
tracks, potassium in rocks and fluid inclusions. 

As in most instrumental fields, there has been a requirement, met 
as funds allow, for continuous modernising and automation of 
instrumentation. This has improved the reliability, accuracy and speed 
of analyses. Chemical preparation of samples requires a variety of 
mineral separation, high vacuum and ion exchange reaction equipment and 
techniques. Working visitors from other countries and institutes often 
cooperate and there is considerable interaction with the Geothernal 
Institute at Auckland. Currently, studies are primarily on ground water 
hydrology, regional geochronology in New Zealand and Antarctica, 
geothermal systems, applications to the sources of New Zealand oils, and 
applications to agriculture and biology. 
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2.0 ISOTOPE GEOLOGY 

2.1 Geothernial f lu ids 

2.1.1 General 
The annual v i s i t of students from the Geotheroial Inst i tute at the 

University of Auckland, was made on July 4. The students visited the 
laboratories after introductory lectures. Messrs. G. Demeke and A. 
Absar from the Inst i tu te spent longer periods on specific projects. 

Drs J . Hulston, M. Stewart and P. Blattner attended a conference on 
the Wairakei f i e l d , at Wairakei in September 1984. 

2.1.2 Ngawha - G.L. Lyon 
All isotope analyses were l is ted and an interpretation of the gas 

isotope results was written for the f inal DSIR report on Ngawha, as 
further development work has been stopped. 

2.1.3 Wairakei - G.L. Lyon 
All gas isotope data from 1958 to 1984 was l is ted and plot ted, 

showing essentially the sa:ue results as the more 1 i mi ted data set jsed 
by Lyon & Hulston (1984). However this allowed defining of some areis 
where resampling would be of interest . 

2.1.4 Hell urn-3 in geot hernial fluids - J.R. Hulston 
As samples collected in late 1982 from Mokai and Wairakei were 

found to have a very constant enrichment in helium-3, samples have now 
been collected (in conjunction with Or J . Lupton of University of 
Cal i fornia, Santa Barbara) from a more extensive area. The resul ts, 
which should be available in early 1985, w i l l hopefully provide 
information on the relationships at depth between the Mokai, Tauhara, 
Wairakei, Rotokawa and Broadlands geothermal areas 

A paper on the use of helium-3 studies in geothermal areas was 
presented at the N.Z. Geological Society Conference in December. 

2.1.5 Tokaanu-Waihi area - B.W. Robinson 
The results of the 1sotop1c survey (1983 Progress Report) and the 

water chemistry have been compiled with O.S. Sheppard, Chemistry 
Division. A paper on this area has been submitted to the Journal of 
Volcanology and Geothermal Research. 

2.1.6 Ethiopia - G.L. Lyon 
Mr Getahun Demeke, a student at the Geothermal Inst i tute analysed a 

sample from the Languna geothermal f i e l d , Ethiopia. 6 1 3C analysis of 
methane and carbon dioxide imply a high estimated equilibrium 
temperature of 410OC, with a methane 6 1 3C value which is heavier than 
most from New Zealand. 

2.1.7 Warm springs - G.L. Lyon 
Some spring waters, from Flordland, Mt Egmont and near Lewis Pass 

were analysed for 6D and 6 l 8 0 . 
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2.2 Oxygen and carbon Isotopes In solids - Joint Laboratory with 
Geological Survey - P. Blattner, S. Fraser 

2.2.1 Geothermal exploration 
Geothermal prospects in the medium and long-term depend very 

much on our knowledge of geothermal hydrology in general. Progress *as 
made in modelling oxygen isotopes in water-rock interact ion. Mass 
balance and reaction kinetics should be considered separately. In a ID-
dimensional (box) model, kinetic barriers merely delay the exchange in 
real time and lead to inef f ic ient use- uf the recharge f l u i d . In a 
1-dimensional model the same barriers lead to a spreading out of the 
isotope exchange in space, and to the blurr ing of otherwise sharp 
reaction f ronts. In th is way hybrid models between 0- and 1-
dimensional may best approach rea l i t y . 

Of equal importance is the detailed geothermal hydrology of each 
f i e l d . The survey of carbonate 6 1 8 0 and 6 1 3C values from Kawerau was 
continued with 34 new samples. Data on Ngawha were completed and 
interpreted for the DSIR report currently in press. I t is apparent that 
a central zone of upflow at Ngawha is characterised by relat ively steady 
6 1 8 0 and 51 3C values of the secondary calc i tes, and that thesa -/I lues 
begin to scatter towards the periphery, where near-surfce waters can 
increasingly i n f i l t r a t e the basement. 

Analysis of greywacke basement from Rotokawa shows extensive 
interaction with hot geothermal water, giving 6 1 8 0 values similar to 
those expected from greywacke under Wairakei (3-40/oo) i f a future deep 
dr i l l ho le was to reach basement there. 

2.2.2 Plutonic rock series and continental margins 
In connection with petrological and geochemical studies of basement 

in northern Fiordland, eleven new analyses of total rocks were 
completed. The project on Gangdese plutonic rocks with Or Jin Cheng-wei 
(Academia Sinica) was completed and a comparison of i n i t i a l 
uncontaminated 5 1 8 0 values can now be made for numerous magmatic 
sequences world-wide. The northern Fiordland basement is one of the most 
strongly 1 80-depleted zones, but s t i l l above 'reasonable1 mantle values 
of 50/00. 

A detailed survey of 5 1 8 0 of Okatalna volcanics, supported by some 
8 7 S r analyses, was undertaken in cooperation with Dr I . Nairn (NZGS, 
Rotorua). So far the remarkable constancy of 6 1 8 0 near 7.50/00 has been 
confirmed, but sampling is being extended southward as well as backward 
in time. 

2.2.3 University cooperation 
Numerous graduate v is i tors spent a total of eleven weeks in the 

laboratory learning isotope geology and analysing samples. Several 
colloqula were held at INS and at Auckland University with these 
graduates, and extensive technical correspondence turns out to be useful 
when v is i ts are not possible at short notice. 

The project of Mr G. Scott (Geothermal Inst i tu te) on the Tongona.i 
geothermal system in the Philippines is nearlng completion, and that of 



7 

Mr A. Absar (Geothermal Inst i tute) on oxygen isotopes in the modelling 
of several geothermal systems has begun with a successful string of 
almost 50 analyses. 

In connection with this project an error of interpretation in the 
l i terature of possible isotope effects o." C02 was discovered; as a 
resiTlt a discussion was submitted to the Canadian Journal of Earth 
Sciences. Although in some cases C02 may have a considerable effect on 
the 6 1 8 0 of geothermal waters, the H20 is used for most thermometry and 
i t s 6 value must not be confused with that of the total f l u i d . 

Oxygen isotope work on the Golden Cross prospect in Coromandel is 
being f inal ised by Mr C. de Ronde (Auckland University, Geology 
Department). 

2.2.4 International Atomic Energy Agency 
The Report on the Advisory Group Meeting on Reference samples 1983, 

by the Meeting's Scient i f ic Secretary (R.Gonfiantini) was formally 
c r i t i c ised in 1984 by T. Coplei, I . Friedman and J.R. O'Neil, of the 
U.S. Geological Survey. On the Secretary's request, P. Blattner 
contributed a thorough review of these crit icisms and took the 
opportunity to explore the problem of isotope scale 'normalisations' 
more fu l l y (see references at end of this Report). 

In connection with the IAEA approach to scale normalisation new 
measurements are being made of certain isotope fractionation factors 
which provide the key to a uniform scale for oxygen isotopes. 

2.2.5 Other activities 
Four introductory lectures on stable isotopes were again given to 

the Geothermal Institute class, and the class visited INS. The 
Geothermal Workshop at Auckland and a seminar at Wairakei were attended. 
Substantial petrographic and geochemical work in northern Fiordland 
continued at the Geological Survey. Mrs S. Fraser resigned with 
effective date in early December, to our regret. 

2.3 Ore deposit studies 

2.3.1 Coromandel mineralisation - B.W. Robinson 
A field trip was made to this area with J. Hedenquist of Chemistry 

Division, Wairakei to sample new areas of drilling and mining. Orill 
core and chip samples were obtained from the Monowai prospect north of 
Thames and from the Martha vein at Waihi. Fluid inclusion and stable 
isotope investigations of the samples are underway and the results are 
being held as confidential for the moment. 

2.3.2 Sulphur Isotoplc analyses of volcanic A sedimentary rocks 
- B.W. Robinson, K. Stanley 

Methods using Kiba reagent have been developed to quantitatively 
extract sulphur from rocks either as total sulphur or separated sulphide 
and sulphate sulphur. A number of greywacke - argil 11te rocks from the 
North Island have been analysed to provide basic data for this study. 
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In conjunction with I . Graham, Victoria University, volcanic rocks 
from the central volcanic area have been analysed. The basalts have too 
l i t t l e sulphur (< lOmg/kg) to analyse with our exist ing techniques and 
further refinements w i l l be made to accommodate this rock type. Oacites 
and andesites contain up to 50 mg/kg S with 6 3 4S values -t-4 to +9°/oo 
ref lect ing a contribution from the greywacke basement rocks. 

2.4 Hydrocarbon research 

2.4.1 Sulphur isotopic study of crude oils - B.W. Robinson, K. 
Stanley 

Over twenty samples of New Zealand crude oi ls and a few samples of 
Kuwait crude have been analysed. 

Sulphur in the Kuwait o i ls (2-4%) has 63<*S values around -9 to 
-12°/oo, ref lecting biological ac t iv i ty on the marine sulphur source. In 
contrast, the New Zealand oi ls (~0.1% S) from the Taranaki area hav: 
63**S values with populations around +5 and +14<Voo possibly ref lect ing 
two different terrigeneous sulphur sources. Oils from the east coast 
have variable negative s 3 l |S values. Samples of probable source rocks 
w i l l be analysed to test for correlations. 

2.4.2 Carbon-13 in New Zealand oils - G.L. Lyon, K. Stanley 
Samples of oi l from more than 20 New Zealand wells and seeps have 

been separated into various chemical f ract ions, and their 61 3C values 
determined. The total o i ls range from -25.4 to -29.1<Voo, but this does 
not appear to direct ly ref lect whether the i r source is marine or 
t e r r es t r i a l . The monoaromatic fraction generally has much less 
variation of 5 1 3C than other fract ions. By comparison of the 5 l 3 C of 
saturated hydrocarbons with monoaromatics, some Taranaki well f ields are 
almost certainly te r res t r ia l l y derived, but other seep samples which are 
apparently of ter res t r ia l origin have been affected by biodegradation. 
Comparison with chemical compositions and the 6 1 3C of possible source 
rocks w i l l be made in future. 
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3.0 ISOTOPE HYDROLOGY 

3.1 Groundwater research 

3.1.1 Uairarapa Plains groundwater - M.K. Stewart, T.M. McTague 
Results to date show that ra infa l l on the plains (at Masterton) has 

a mean 60 value more negative (-49°/oo) than those of rivers draining 
onto the plains from the west, which supply much more water than rivers 
from the east. Rivers sampled were the Waingawa, Waiohine and 
Tauherenilcau with mean 60 values at -38°/oo, -35°/oo and -37°/oo 
respectively. This gives a basis for distinguishing r iver- from rain-
derived groundwater. Groundwater results show a complex pattern with 
rain contributing strongly to groundwater in some areas distant from 
rivers (e.g. the Te Ore Ore, Parkvale and Lower Valley areas), and 
river-derived groundwater only being observed in the Upper Plain and 
Greytown areas. This work w i l l now be written up. 

3.1.2 Clyde Dam foundation seepage - T.M. McTague, M.K. Stewart 
Water seeping under one of the foundations and water from a damsite 

investigation dr i l lho le was found to have the same isotopic composition 
as the Clutha River at Clyde, strongly indicating the la t ter as Vie 
source of the water. The samples were analysed for Or I . Brown of the 
N.Z. Geological Survey. 

3.1.3 Poverty Bay Flats groundwater - C.B. Taylor, T.M. McTague, 
M.K. Stewart 

1 8 0 and t r i t i um have been measured in groundwaters from wells 
tapping several aquifers underlying the Poverty Bay Flats, as part of a 
comprehensive investigation by the East Cape Catchment Board. 1 8 0 
analyses demonstrate that recharge to most of these aquifers occurs by 
I n f i l t r a t i on from Waipaoa River. A few areas, part icularly the sand 
dunes near the coast and valleys remote from the r iver , receive input by 
i n f i l t r a t i o n of precipitation and local streams. Some of these areas 1n 
the narrow valley north of the Flats are important because the 1 8 0 
concentrations complement the Indications from the t r i t ium results that 
present-day recharge to the deeper aquifers 1s and can only be occurring 
at a l l at a considerable distance up-river from i ts present point of 
emergence to the Flats. 

3.2 Geothermal hydrology. 

3.2.1 Rotorua Geothermal System and Whakarewarewa Hot Springs - M.K. 
Stewart, C.B. Taylor, T. M. McTague 

A second more extensive sampling of wells and hot springs was 
carried out 1n the Rotorua area in July in collaboration with R.B. 
Glover and H. Heinz (Chemistry Divis ion). These samples were analysed 
for t r i t i um , stable Isotope and chemical contents., An area of t r i t i um-
bearing water has been delineated below south Rotorua, showing that 
there must be a source of cold water Inflow near this area. Chloride 
measurements show that the geothermal water becomes more di lute from 
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east to west, and bicarbonate measurements suggest that there is a 
steam-rich geothermal upflow in the east-central area. An attempt w i l l 
be made to write-up these results in early 1985. 

3.2.2 Broadlands Geothermal Area - M.K. Stewart 
Studies have continued in collaboration with J.W. Hedenquist 

(Chemistry Division, Wairakei) on 'he Broadlands geothemal area. This 
area is unusual isotopically in that there is a deuterium shi f t as well 
as an oxygen-18 shi f t between the geothermal waters and surface waters. -
Recent work has been aimed at better documenting this deuterium s h i f t , 
by sampling waters from a wide range of depths, as well as understanding 
the reason(s) for i t . Tongonan geothermal waters (in the Philippines) 
may also show a deuterium sh i f t . 

3.2.3 Wairakei hydrology - M.K. Stewart 
An invi tat ion to speak on the topic "Isotopic geochemistry at 

Wairakei - A hydrological model of the system" at a D.S.I.R. seminar on 
the future of Wairakei, prompted a re-evaluation of isotopic data on 
waters from Wairakei. Near-surface groundwaters show isotopic 
enrichment because of evaporation caused by a flow of steam from depth, 
but in a central region there is isotopically-depleted water, which is 
thought to outl ine where groundwater penetrates into the geothermal 
aquifer from on top. Such groundwater penetration w i l l have important 
effects or the future response of the aquifer to continued explo i tat ion. 

3.3 Stream and rainwater studies 

3.3.1 Catchment response to rainfall - M.K. Stewart 
This collaborative study (with M.6. Sklash, University of Windsor, 

Windsor, Canada and A.J. Pearce, Forest Research Ins t i t u te , 
Chrlstchurch) has shown that ra in fa l l (except that fa l l ing on the stream 
i t se l f or on saturated near-stream areas) does not contribute di rect ly 
to flow in Westland beech forest. Instead, the rain mixes with soi l 
moisture and increases subsurface flow to the stream, in our view, by 
increasing the hydraulic conductivity of the soil and Increasing 
hydraulic gradients near the stream. A paper on this work was presented 
at the New Zealand Hydrological Society's Symposium at Hamilton in 
November. 

3.3.2 Stable Isotopes in rainfall - M.K. Stewart, T.M. McTague 

Measurements have continued on monthly samples collected at 
Ka1ta1a, Taupo, Gracefleld, Chrlstchurch and Invercargll l 1n New Zealand 
and at Rarotonga 1n the Cook Islands to determine the mean Isotopic 
compositions of ra infa l l at these locations. These results w i l l be 
written up when time permits. 

3.4 Laboratory techniques 

3.4.1 Deuterium and oxygen-18 analysis - M.K. Stewart, T.M. McTague 
Deuterium measurements using the reaction tube method (described in 
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a report by Stanley, Lyon and Stewart, 1984) have continued 
sat is factor i ly and we are now in a position to be able to consider 
studies requiring larger numbers of deuterium analyses. Upgrading of the 
deuterium mass spectrometer is continuing. 

Oxygen-18 measurements continued at a high rate. Over 500 samples 
were run and 53 measurements of JNS-9 throughout the year gave &li0 = 
-17.15 ± 0.07°/oo. (This compares favourably with careful measurement of 
INS-9 against V-SMOW and SLAP in 1977 which gave -17.46°/oo). 

Earnings from deuterium and oxygen-t8 measurements during the year 
were $7000. 

3.5 Antarctica 

3.5.1 Strand Moraines - 6.L. Lyon 
Ice samples were collected by Mr P.J. Currie of Victoria University 

at the Strand Moraines, McMurdo Sound. The 6 1 8 0 ratios were measured 
to help understand the structure and origin of this area of ice-cored 
moraine. The 13 samples had a wide range of values, from -2.50/oo to 
-37.2°/oo indicating mixtures of various combinations of local snow, sea 
water and plateau snow. 
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4.0 GE0CHR0N0L06T 

4.1 Antarctic Studies 

4.1.1 General - C.J.D. Adams 
In January 1984," C.J. Adams began an extension of study leave as an 

Alexander von Humboldt Fellow in West Germany at the 
Geologisches-Palaontologisches Ins t i t u t , Universitat Monster.' During 
the period January-May 1984, some uranium-lead (U-Pb) age determinations 
were completed on zircon from the basement metamorphic rocks of the 
Daniels Range, USARP Mountains, Antarctica. This work was to confirm 
and extend the Rb-Sr age determinations done the previous year at the 
Ins t i tu t on similar rocks. The results were combined in a paper to be 
contributed to a Special Volume of the American Geophysical Union 
relating to the sc ient i f ic results of the 1982 USARP-NZARP-ANARE 
Expedition to Northern Victoria Land. 

In May-June, C.J. Adams completed K-Ar age studies on Northern 
Victoria Land metamorphic rocks with Dr H. Kreuzer at the Bundesandstalt 
f i lr Geowissenschaften und Rohstoffe in Hannover. A paper was published 
in a 1985 volume of Geologisches Jahrbuch relating to the 1982/3 
GANOVEX I I I (West Gorman) Expedition to Northern Victoria Land. 

In June, C.J. Adams collaborated with Prof. H.H. Mi l le r , 
(University of Munster) and Prof. A. Toselli (University of Tucuman, 
Argentina) on age studies of early Palaeozoic basement rocks of 
Argentina, which appear similar to Antarctic basement rocks in Northern 
Victoria Land and Marie Byrd L*nd (Antarctica) and South Island, New 
Zealand. Samples of low-grade metamorphic rocks were collected for K-Ar 
dating in New Zealand. 

4.1.2 Saunders 'fountains - Northern Victorian Land - P.F. Whltla, 
C.J.O. Adams 

Some further work was done on rocks from this part of Antarctica. 
Work from the previous year showed that the Sr ratios did not plot on 
the same isochron as similar rocks nearby. XRF values are also being 
repeated to ensure that this difference is real . 

4.2 Strontium Isotope and Rb-Sr studies in Hew Zealand 

4.2.1 Pre-Lyttleton Volcanlcs - P.F. Whltla 
P.F. Whltla and S.D. Weaver (Canterbury University, Geology 

Department) collected rocks from Banks Peninsula as a p i lo t project in 
the hope of establishing an Isochron age and to determine i n i t i a l 
strontium ratios to aid interpretation of the magmatic history. There 
appears to be two different ages coming from the data but further 
sampling is needed to f111 two gaps 1n the mid 8 7 Rb/ 9 6 Sr range. Good 
samples are hard to collect due to extensive hydrothermal a l terat ion. 
This may also continue to make interpretation d i f f i c u l t . 

4.2.2 Mercury Basalts, Coromandel - P.F. Whltla 
There appears to be a separation of Sr isotope data into two groups 
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with s l ight ly dif ferent i n i t i a l ratios (.7046 compared to .7036) 
indicating a different magmatic origin for a volcanic zone between the 
outermost islands (Red Mercury Island) and the mainland. This 
indication is supported by geochemical evidence from D. Skinner (New 
Zealand Geological Survey, Auckland ). Further work is in progress on 
this project. 

4.2.3 Taheke and Horeke Basalts, Northland - P.F. Whitla 
Janet Ashcroft (Auckland University) v is i ted the Inst i tu te and 

completed eighteen Sr isotope analyses on basalts. The ratios were 
surprisingly low (down to .70283) indicating a primit ive origin with no 
crustal contribution to these magmas. 

4.2.4 Victoria Range, Westland - P.F. Whitla 
Some intrusive rocks of the Victoria Range have already been dated 

by the K-Ar and fission track methods. Since these techniques are 
rather unsuitable for obtaining original emplacement ages, Rb-Sr is 
being used in the hope of expanding our knowledge of the periods of 
int rusion. The 35 Victoria Range samples analysed do not give clearly 
defined isochrons but broadly show 2 events, a Cretaceous one and a 
Palaeozoic one. More work on the intepretation of these new results is 
now needed. 

4.2.5 Tongariro Volcanic Centre - I . J . Graham 
Some Sr Isotopic analyses were completed early in the year to 

complete Mr Graham's Ph.D. research into petrogenesis of TVC lavas. 
Least squares modelling of chemical and Isotopic compositions confirmed 
that most lavas could be generated by combined assimilation and 
fractional crystal l isat ion of low-alum1na basalt. Some isolated lavas, 
however, are better explained by crystal fractionation of tho le i i te 
(e.g. Ohakune) or by magma mixing (e.g. Pukeonake). 

Studies of crustal xenoliths from Ruapehu lavas indicate that 
crustal contamination probably Involves a part ia l melt of lorlesse 
terrane greywacke-gneiss. An interesting group of meta-igneous 
xenoliths have Sr Isotopic compositions higher than host lavas and were 
probably derived from the base of the continental crust. 

4.2.6 Miscellaneous Dating - I .J . Graham 
Analytical work for Mr Graham's Ph.D. was decreased this year as 

wr i t ing occupied increasing time. Nevertheless, a Rb-Sr 
geochronological study of greywacke sediments from the Coffs Harbour 
sequence (NSW, Australia) was completed and a paper (in collaboration 
with R.J. Korsch, Victoria University) submitted to Isotope Geoscience 
for publication. 

Samples of Glenham Porphyry were analysed for Prof. Coombs (Otago 
University) to determine their age of formation. Preliminary data 
confirm the younger of the K-Ar dates of Gabltes (1983) and these 
Indicate that , despite variable degrees of alteration of i n t e r s t i t i a l 
glass, true Rb-Sr systematics are preserved in the rocks. 
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4.2.7 Analytical Techniques and Machine Improvements - P.F. Whltla, 
I . J . Graham 

The move towards automation of the MM308 mass spectrometer has 
progressed this year (see Section 6.1). The HM303 has been running well 
giving good and reproducible results. 

Very low Sr samples have been sat is factor i ly analysed this year. 
Cut-off points for Sr collection from the ion exchange columns need to 
be checked frequently to ensure that a l l the Sr is being col lected. 
This is easily done with radioactive tracers. 

A computer program af ter York (1969) was developed jointly by R.M. 
Renner (Stat ist ics 4 Operations Research, Victoria University) and Mr 
Graham for least squares cubic regression analyses of Rb-Sr data. 
Description of the program is intended for publication in the near 
fu ture. 

4.3 Potassium-argon dating 

4.3.1 Argon Analysis - C.J. Adams 
The argon analytical equipment was thoroughly overhauled and leak 

checked to be able to obtain routine working vacua of 10- 9 Torr and 
reduce 4 0 A r blank levels to negligible proportions. Following this i t 
was recognised that a serious contamination of the 3 8 A r spike gas has 
occurred recently. New calibrations using a i r (GAS) capsules and 
mineral standards now allow measurement of a l l but the youngest rocks 
(less than 1.5 Ma) with reasonable ±3% accuracy. Recent improvements in 
the error computations for K-Ar age determinations have been 
incorporated into the HAL-BASIC programs for the project. Recent data 
obtained both before and after the spike contamination have been 
checked, recalculated and incorporated in exist ing data f i l es for a 
catalogue of INS K-Ar age determinations. 

4.3.2 Potassium-analysis - C.J. Adams 
The modified UNICAM flame spectrophotometer was substantially 

dismantled and checked for possible add corrosion problems and cleaned 
and re-assembled. I t 1s decided to discontinue using the exist ing 
sample automation equipment and la ter , incorporate a new more 
standardised and f lex ib le automatic sampling and measurement device. A 
broad spectrum of new potassium standards (potassium hydrogen phthalate) 
were made as (1) primary set 0, 5, 10, 20, 30, 40, 50, 100 ppm and (11) 
a secondary set 0 . 1 , 0.5, 1.0 ppm, to check more accurately the precise 
character of the spectrophotometer calibration curve. At low levels (< 
lppm) the response 1s clearly linear but above 20 ppm 1s more closely 
parabolic. 

The ion exchange columns were cleaned and defective couplings 
replaced, to reduce contamination problems, and new sets of rock and 
chemical standards were re-analysed with better precision and accuracy. 

4.4 Geochronology Data-File - C.J. Adams, J.R. Hulston, 
P.F. Whltla, N.R. Manning 

Work has continued on amalgamating existing £?ta f i l es for a l l 
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rocks collected for K-Ar, Rb-Sr and f ission-track dating at INS and the 
age data obtained from them. Temporary workers, Mr P. Gibson and Miss 
S. E l l i s assisted in defining a new format for data entry and some 
standardised abbreviations for mineral and rock names and grid reference 
descriptions. At the end of 1984 more than 90% of available rock 
description and analytical data had been entered on to major databases 
of the VAX system at Gracefield. These data now await a f inal phase of 
edi tor ia l checking and some f inal decisions on preferred layout for 
output and eventual publication. 

4.5 Fission track dating - D. Seward 

4.5.1 West Coast granitoid rocks 
Twenty-seven zircon, two sphene, and fo r ty - f i ve apatite ages have 

been completed on West Coast granites. Al l ages have been re-set. Most 
zircons were reset at about 100 Ma during the Rangitata Orogeny. A few 
of these show only part ial resetting and a s ta t is t i ca l approach is 
currently in progress to assess a meaningful geological age. The 
apatites along the coastal belt y ie ld ages in accordance with the 
zircons, i . e . they are sl ight ly younger, representing up l i f t through the 
lower c r i t i ca l blocking temperatures relat ive to zircons. In the 
Paparoa and Victoria Ranges Miocene ages have resulted and represent the 
times of up l i f t in the regions. 

4.5.2 Coromandel ignimbrltes of the WMtlanga region 
Seventeen samples of zircon and apatite and twenty obsidians from 

Coromandel ignimbrites have been separated. They w i l l be irradiated and 
counted in 1985. 

4.5.3 Tephrochronology of the Wanganul Basin 
Work on dating several tephra together with palaeomagnetic 

measurements of samples 1n the Plio-Pleistocene sediments of the 
Wanganul Basin has been completed and a manuscript has been submitted 
together with Prof. Christoffel (Victoria University). 
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5.0 ISOTOPE BIOLOGY 

5.1 Ecological research 

5.1.1 Stream insects - 6.L. Lyon, J.S. Rounick 
A further set of insects were collected by Or M.J. Winterbourn of 

Canterbury University, at the Maimai catchment, Westland. These were 
analysed for 6 1 3 C, and extend the earlier series which studied the 
changes of insect fauna, and their l 3 C , aft?r deforestation of 
indigenous flora, and planting of Pinus radiata. 

5.1.2 Organic material in central North Island lakes - G.L. Lyon 
A study was made of 1 3 C / l 2 C in a chironomid insect, zooplankton and 

phytopiankton in eutrophic Lake Okaro by M.R. James of the Taupo 
Research Laboratory. During summer, 1 3 C / 1 2 C of chironomids indicated a 
phytopiankton food source with a shift in May to allochthonous detrital 
material (willow leaves). 

Phytopiankton species can show considerable variation in 6 1 3C but 
analysis of zooplankton in five lakes indicated a phytopiankton carbon 
source in Lakes Okaro (-21.7o/oo) and Taupo (-24.7o/oo). The 5 1 3C of 
zooplankton in eutrophic Lake Rotongaio (-34.2o/oo) is very low but 
similar values have been observed for filamentous algae (-350/oo). The 
intermediate value for zooplankton in Lake Rotokawau (-27.7o/oo) is 
consistent with a terrestrial detritus source which is known to enter 
the lake. Lake Ngahewa drains a nearby swamp and the 6 1 3C of -32.80/00 
for zooplankton is consistent with a biogenic C02 source. 

5.1.3 Mussels In Marlborough Sounds - G. L. Lyon, K. Stanley. 
The green-lipped mussel, Perna canaliculus, is a valuable 

commercial animal, farmed in the Marlborough Sounds. However, the best 
conditions for growth and reproduction are not known. In an attempt to 
help identify their food, samples were collected by Or R.w. Hickman of 
Fisheries Research Division, Ministry of Agriculture and Fisheries for 
l 3 C analysis. 

Preliminary data shows that females are more depleted in 6 1 3C than 
males by about 10/00. The average « 1 3C values show an Isotonic increase 
from October 1983 to September 1984 and this change is well defined in 
samples from Snapper Point and Four Fathoms Bay. These values suggest a 
continuous change from more "terrestrial" food to more "marine" food, 
with no seasonal trend. 

5.1.4 Oxygen-18 1n organic matter - C.A.M. Brenninkmeljer 
A system for determining the 1 8 0 / 1 6 0 ratio of organic natter has 

been nearly completed. I t 1s based on the sealed nickel tube pyrolysis 
method. It will be used for finding the link between environmental 
factors and the i 8 0 / 1 6 0 ratio 1n tree ring cellulose. 

5.2 Food studies 

5.2,1 Vinegar - G. L. Lyon, K. Stanley. 
To analyse vinegar acetic add for 1 3 C / 1 2 C , vinegar was treated to 
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produce calcium acetate which was combusted to C02 for the mass 
spectrometer. The common malt vinegar has 5 U C values near -22°/oo(PD3) 
whereas cane sugar vinegar is -11 to -12°/oo, local whey (lactose) 
vinegar about -25°/oo and commercial acetic acid -27 to -23°/oo. Thus 
these different sources of acetic acid are readily distinguished. 

5.2.2 Partitioning of nutrients in dairy cows - G. L. Lyon, K. 
Stanley, M.E.F. Oelsner. 

A large number of samples from Massey University Animal Science 
Oept were analysed for - 3 C / 1 2 C . This project, with Drs G. Wilson and D. 
Mackenzie involves feeding cows a diet which T*s changed to one of a 
di f ferent l 3 C composition. Then faeces, ur ine, Ani the romponents of 
milk : casein (a protein), lactose (a sugar) and fats are followed for 
their 1 3 C change. Four cows were studied, with the change being made 
for 7 days (while the cows were housed in a bam for sampling), both in 
early lactation (September-October 1983) and la t r lactation (April-May 
1984). 

Figure 1 shows some of the results for one cow. The milk fat is 
shown to change much less rapidly and completely than does lactose. Thus 
lactose is p r i o r i l y of diet source, whereas much of the milk fat comes 
from mttabolising of material stored by the cow from her ear l ier food 
source. 

5.3 Nitrogen Isotope studies - C.A.M. Brenninkmeijer 
The experiment in conjunction with the School of Forestry, 

University of Canterbury on the uptake of urea f e r t i l i z e r by pine trees 
is now well underway. I t is exacted that Mr Roger Thomas who is 
undertaking th is work as part of his Ph.D. studies w i l l v i s i t I.N.S. in 
early 1985 to complete the measurements on l 5 N enrichment. 
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T 1 1 r 
27 28 29 30 

September October 1983 

After the diet of this cow was changed from Feed A to Feed B 
on 29 September, the milk also changed its 6 1 3C composition. 
The resulting shifts show that lactose (milk sugar) and short-
chain fat are diet supplied to a greater extent than are 
casein (milk protein) and other milk fats, which are more 
dependent on body reserves. 
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6.0 MASS SPECTROMETER INSTRUMENTATION 

6.1 Upgrading of mass spectrometers 

6.1.1 Solid source MM30B mass spectrometer - C.A.M. Brenninkmeijer, 
P. D. Morrison, J.R. Hulston, J.E.R. Penman 

A new EHT supply was purchased earlier in the year and this has 
given better stability to the accelerating voltage. A major effort is 
currently underway to automate the operation of this instrument. An 
autofocus unit for the source controls has been ordered to operate in 
conjunction with the HAL computer. An interface has been designed and 
constructed to link the HAL computer and the magnet power supply and now 
enables the magnetic field peak-scanning to be computer controlled. 
During 1985 work is planned to automate the filament power supply and 
the sample change barrel. 

6.1.2 Automatic sample pressure adjustment - C.A.M. Brenninkmeijer, 
P.O. Morrison, J.R. Hulston, W.H. Heald 

The electronic unit for driving the stepper motors of the MM1202E 
moss spectrometer (mainly used for 3l»S analysis) has been installed and 
operates satisfactorily. A second unit has been constructed for use 
with the MM602 mass spectrometer. 

6.1.3 Improvements to the MM602 Mass Spectrometer (2H Analysis) 
-C.A.M. Brenninkmeijer, P.O. Morrison 

The HAL microcomputer has been modified to improve its reliability. 
W.H. Heald has designed an electronics unit for linking the amplifiers, 
bellows automation, HAL computer and chart recorder. Complete 
automation of the system will be realized in 1985. 

6.2 Maintenance and Operation - C.A.M. Brennlnkmeljer, J.E.R. 
Penman, P. Morrison 

The mass spectrometer spares and equipment in the laboratory were 
sorted and stored, and redundant or obsolete equipment disposed of. 
This included the PDP-9 computer which has been disposed of. The 
number of occasions that equipment failed was about 50 times for the 
first half year and decreased during the second half. Numerous small 
improvements have been Implemented and replacement of tube electronics 
has gained priority. For achieving this Mr W.H. Heald has designed a 
new magnet supply for the NAA mass spectrometer. It is felt that a major 
effort to improve the reliability of equipment 1s required to provide 
time for new developments. 
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7.0 TRAVEL AND VISITORS 

7.1 Visit to the People's Republic of China - M.K. Stewart 
In October Or Stewart and the director Or B.J. O'Brien spent two 

weeks in China as guests of the Chinese Academy of Sciences. The tnain 
object was to visit the Academy's Institute of Geochemistry in Guiyang, 
Guizhou Province, where a wide range of geochemical 'echniques is in 
use, and particularly to see the isotopic geochemistry being carried out 
there. They gave talks and spent several days visiting laboratories and 
hearing about the work of the Institute. Scientists at the Institute 
have had considerable recent interation with western science and are 
getting good results. While in China, Drs O'Brien and Stewart were 
treated with generous hospitality. 

7.2 Study leave In West Germany - C.J.D. Adams 
See Section 4 .1 .1 . 

7.3 Short Visits 
Dr J. E. Lupton of the University of California at Santa Barbara, 

visited briefly in February. He and Dr J . Hulston sampled geothermal 
fluids in the Wairakei area (See Sect. 2.1.4). 
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8.0 STAFF 
In Ap r i l , Mr J.E.R.(Ray) Penman retired after rare than 20 years 

working with mass spectrometers. Dr Carl A.M. Brenninkmeijar, a recent 
graduate of the University of Groningen, The Netherlands, joinea the 
staf f early in the year, to supervise mass spectro«netry instrumentation, 
and continue his interests in stable isotope studies of 
palaeoclimatology. Mr Peter Morrison, a graduate of Victoria University 
of Wellington has replaced Mr Penman to work on instrument maintenance. 

Sandra Fraser (previously Healy) resigned in November, and also 
during the year Elizabeth Field and Wyn Heald transferred to other 
sections of the Ins t i tu te . 

8.1 Staff 

J.R. Hulston 
C.J.O. Adams 
P. Blattner 
C.A.M. Brenninkmeijer 
G.L. Lyon 
S.W. Robinson 
D. Seward 
M.K. Stewart 
I . J . Graham 
K. Burke 
S. Fraser 

W.J. Judd 
T.M. McTague 
P.D.Morrison 
J.E.R. Penman 
C.H. Rutter 
K. Stanley 
P.F. Whitla 

Survey) 
(from February) 

Geothermal Studies, Section Head 
Geochronology leader. 
Isotooe geology (N.Z. Geological 
Stable isotopes, instrumentation 
Stable isotopes 
Isotope geology 
Fission track dating 
Isotope hydrology 
Strontium isotopes (Ph.D. research, V.U.W.) 
Geochronology (March-May) 
Isotope Geology (N.Z.Geological Survey, resigned 
November) 
Glassbl owing 
Isotope hydrology 
Instrumentation (from June) 
Instrumentation (ret ired Apri l ) 
Geochronology 
Stable Isotopes 
Geochronology 

Temporary and Vacation Staff (part of year only) 

M. Connor 
S. ElHs 
P. Gibson 
D. Hall 
J . Melhulsh 
M.E.F. Oelsner 

Geochronology 
Geochronology 
Geochronology 
Stable isotopes 
Stable Isotopes 
Stable isotopes 
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