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ABSTRACT 

The worn of the Stable Isotope Group of the Institute of Nuclear 
Sciences in the fields of isotope geology, isotope hydrology* 
geochronology, isotope biology and related fields, and mass spectrometer 
instrumentation during 1983 is described. 
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SUMMARY 

Geothermal studies were continued at Makai, Ngawha and Wairakei. 
Helium-3 enrichment was found to be constant in a number of wells at 
'Wairakei precluding use of the technique to identify zones of upflow 
from depth in this area. Further helium samples are being collected. 
Isotopic and chemical results from Tokaanu/Waihi are reported. 

18 Calrrite 6 O values from Ngawha drillholes have shown 
down-faulting of the Tertinry cover sequence reaching down as far as 
1200 m. Oxygen-18 studies of the HollyfonJ leucoquartzdiorite in 
Fiordland have revealed negative oxygen-lft inomalies implying water 
penetration at elevated temperatures. Dr Blattner attended the Advisory 
Group Meeting on stable isotope standards at the IAEA, Vienna. 

Isotope studies of Kuwait sabkhas have revealed interesting details 
of these potential ore deposit environments. Sulphates have marine or 
continental origins depending on locality and waters are derived 
predominantly from emerging groundwaters which were recharged in the 
Pleistocene. Carbon-13 analysis of some New Zealand crude oils have 
been carried out to investigate its value as an indicator of source 
type. 



iii. 

An isotope hydrology study of the Whnkarewarewa hot springs and 
Rotorua geothemal system was begun to investigate the recharge sources 
and dynamics of the hot waters. An intensive study was carried out on 
the mechanisms of storm runoff generation, runoff being discharge of 
water in streams. The study aims to settle a long-standing controversy 
over the extent of "new" water contribution in streams. 

Detailed work has been carried out on minerals from samples from 
North Victoria Land, Antarctica to evaluate possible correlations 
between the Westland region of 'l.Z. and West Antarctica, which may have 
been contiguous before the breakup of Gondwaraland in the early ? 

4 

Cretaceous. Mr Graham's study of Quaternary volcanism in the Tbngariro 
vol anic Centre continues with Ifo-Sr results from grrywacke-argillite """ 
basement rocks of the Central North Island and crustal xenoliths i.rcm 
recent lavas (particularly the 1954 flows from Mt Ngauruhoe). 
Fission-track studies have been concerned with West Coast (South Island) 
granites, cores from new o i l wells in the Taranaki Graben and obsidians 
from Northland, Cbromandel and the North Fiji Basin. 

Automatic sample pr**ssure balancing units ->ve being constructed for 
the sulphur isotope and deuterium mass spectrometers. 
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1. 

1.0 IOTKroCIXGN 

the hbss 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 function 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 trass 
spectrometer for geodironological studies and isotopes of non-volatile 
elements has been added more 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 antl ultra high vacuum systems. The section attracts working 
visitors from Australia and New Zealand and cooperates with the 
Geothermal 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 and isotopic 
applications in biology. 
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2*0 ISOTOPE flBCflOST 

2.1 OeothersBl fluid* 

2.1.1. General 

TWenty students from the Geothernsu Institute at the University of 
Auckland visited the Institute on 29 June for lectures and laboratory 
demonstrations. Dr P. Blattner gave introductory lectures to the 
students in M y . 

Papers were presented by Drs Hulston, Stewart. Blattner and Lyon at 
the Geochemical Group Conference in Hay and a paper by Lyon and Hulston 
was presented at the Geothermal Workshop in November. 

2.1.2 Mbkai - J.R. Hulston 

Water and gas sanples from wells MK1, MK2 and MK3 have been 
analysed. The deuterium and oxygen-18 measurements to-date indicate 
that the deep water at Mokai is very similar to that of the local 
meteoric water with less "oxygen shift" than at Wairakei. This may 
indicate that this is a geothermal system through which a considerable 
amount of water has passed, so that the reservoir rocks are now close to 
isotopic equilibrium with the local •waters. Further collections and 
measurements will however be required to confirm this result as the 
discharge from Mbkai has been limited by water rights requirements and 
we cannot be sure that the effect of drilling water was not present in 
the samples analysed. 

Carbon isotope analysis of HO, the hottest and most productive 
well, indicates even higher A C(CH 4 - 00.) temperatures than suggested 
by the pre-drilling analyses of the surface fumaroles - only from White 
Island have higher isotopic temperatures been obtained. 

The Mbkai area is thus * particularly interesting area isotopically 
because the water differs in isotopic content although it is similar 
chemically to that in the Wairakei region. 
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2.1.3 Ngawha - 6.L. Lyon, K. Stanley 

A trip was made to Ngawha in October to collect frora the last and 
deepest well at Ngawha, NG13. Gas and water analysis of samples from 
this and other wells continued, and compilation for a final DSIR report 
was started. 

2.1.4 Wairafcei - G.L. Lyon, J.R. Bulston 

The samples collected in 1°82 were analysed with no significant 
difference being observed crnpared with earlier analyses for C and D. 

2.1.5 Heliust-3 in gsothexnal fluids - J.R. Huleton 

Samples collected from the production area of tfeirakei in late 1962 
have been analysed by Dr J. Lupton of University of California, Santa 
Barbara under a joint NZ-US research project. The results indicate that 

3 the He enrichment is much more constant than had been indicated in an 
earlier N.Z. wide survey. It is now planned to extend the survey to 
Broadlands and to peripheral areas of Vfeirakei. Dr Lupton will visit 
N.Z. in February 1964 to join in this sampling programme. 

2.1.6 Geothermal gases - G.L. Lyon, K. Stanley, J.R. Hulston 

13 12 The method for analysis of geothermal gases for C/ C and D/H 
ratios appeared to be unreliable early in the year. Considerable 
experimentation with synthetic gas mixtures was carried out and the 
copper oxide furnace was replaced. It was found that reaction of 
hydrogen at 350°C rather than 4uO°C and passage of gas through the cold 
traps before the Toepler pump (rather than after) has improved matters. 
Also, with the development of the zinc shot method (see Section 3.3.1) 
for deuterium analysis, waters from the oxidation of H. and CH. do not 
need to be stored, simplifying the experimental procedures. 

A paper on the application of this method to New Zealand gsothermal 
fields was submitted, mid later revised and returned to Geochimica et 
Cosmoehimica Acta for publication in mid-1984. 
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2.1.7 Itkssnu-Maihi area - B.W. Robinson 

Sanples collected in this area in 1978/79 for a combined 
isotopic-chemical study have been analysed. The results were compiled 
as an abstract for the 4th International symposium on water/rock 
interaction, Misasa, Japan, August 29-Septenfeer 3, 1983. 

Figure 1. Isotopic compositions of waters from the Ibkaanu-Haihi area. 

the results of the stable isotope analyses of the waters are shown 
in Fig. 1 together with seme additional unpublished data. Meteoric 

18 waters plot close to the meteoric water line J D « 8 { 0 + 13 for this 
part of Mew Zealand. Other samples show enrichment in the heavy 
isotopes by evaporation, steam heating, steam loss and oxygen isotope 
exchange of the hot water with the rocks. The Tokaanu springs and bores 
show the largest 0-isctope shift and the Waihi waters the least shift or 
most probably the most mixing with fresh waters. Furthermore the 
Tckaanu sanples with the heaviest 0-isotope values also have the highest 
CI contents Which suggests the waters may have undergone steam loss . A 
deep water near 'D' in Fig. 1 may move along the dotted lines by either 
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s. 
single stf>p (1 -,-:--»s_-f • r-••-*.. lonntion) or continuous steam separation: a 
process difficult to distinguish from the oxygen isotope shift. At the 
surface, the hot waters then evaporate and 1 ie along the evaporation 
line of slope 3 in Pig. 1. Steam heated ground waters in the fumarole 
ar»*a li*» about a line of slope 5. 

The SO.-+LO geothermometer yields maximum temperatures of 230 C 
('using an assumed 6 0 value of -4.5 /oo for the deep fluid, see 
Pig. 1). If the deep sulphate has a 6' S value of about 23 /oo and the 
H ?S 5°/oo (similar to other New Zealand geothermal areas) a temperature 
of 355°C is derived from this geothermcmeter. Temperatures derived from 
"C fractionation between CH. and CO- are also around 350 C. If the ! 

4 2 
deep fluid is at a temperature of 350 C then the minimum residence time 
for too sulphur components to isotopically equilibrate is 10-100a. 
However data for carbon isotope exchange at this temperature indicate 
that residence times must be at least 250ka. jbe d«?p fluid could of 
course be at any temperature ibove 350 C since partial equilibration 
during cooling would obscure the source tenf>_-rature. In the reservoir, 
the SO.-H.O oxygen isotope system equilibrates to a temperature of 230 C 
in about la. Also the fluids must have been at this temperature for 
less than lka otherwise lower temperature equilibration of the sulphur 
isotopes would have become significant. Other evidence, such as the 
large oxygen isotope shift of the waters, indicates that this is a 
relatively young geothermal system. 

2*2 Oxygen and carbon isotopes in solids - Joint laboratory 
with Geological Survey - P. Blattner, J.R. Hulston, 8. Praser 

2.2.1 OeothermBl exploration 

Ihe study of wat*r-rork 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. Downhole temperature reversals can 
be traced quantitatively. Cumulative water-rock ratios for individual 
systems are estimated from the relative oxygen isotope shifts of 
discharge water and reservoir rocks. In this way geothermal systems can 
be put into a natural order of increased cumulative throughput or 



hydrological 'age*. 

2.2.1.1 Hgswha 

Ihe Ngawha drillsite was visited again (P.B.) and all available 
18 13 calcites from that well have now been analysed for 6 0 and 6 C A 

final report on NgaMha is in preparation. Samples from the deep bores 
M313 and NG20 have been important in clarifying near-surface 
disturbances, Which reach d a m as far as 1200 metres. This dcwnfaulted 
Tertiary cover sequence in the south (?) and east of the field pulls the 
6 1 8 0 values of 1*311 and NG18 and to a lesser extent also HT-4, 9 and 1? 
to positive values in the 700 to 1400 m depth range. The true 'deep 
water' is still 6-7°/oo 6 0, at least 12°/co more enriched than at 
Vfairakeil 

2.2.1.2 Ibngonan, Rtilippines 

A joint project with t* G. Scott of the Geotbermal Institute, 
Auckland Uhiversity has progressed. About 40 oxygen isotcpe analyses of 
rocks and minerals have been completed. An interpretation in terms of 
cumulative fluid throughput, taking account of the possible effect of 
separation of magnetic 00,' i» progressing. 

2.2.1.3 Other Wew Zealand systems 

Extending earlier reported work, 22 carbonates from Kawerau wells 
KA27 and KA28 were selected and are being-analysed. The data will allow 
further mapping of the extent of the temperature mininun of holes KA7A 
and KA12. Ihe 'undisturbed' hydrology of Kawerau is of special 
significance for an assessment of the possible effects of reinject ion. 

Hdkal wells have so far yielded very little carbonate, in which 
case stable isotope studies might require tedious silicate separation 
and extraction procedures. 

i 

i 

2.2*2 Plutonic rocks 
i 

i 

Studies of Fiordland, Nelson, and overseas assemblages continue and 



* - ^ " ' ^ V * - ' ^ ? ^ ^ ,... i.. V; f t ;^,. i. i.. v t.,.—*^«, V K-^*p,.r --^...?.,...,,. ,„..„ ..,„..,.,,... • -|-| 1iit«rrii^ J*^BiiBff^^ 

7. 

have been outlined and illustrated in some detail in the last report. 
New aspects are the details of the Hollyford leucoquartzdiorite oxygen 
isotope 'inanely, which assumes an increasingly complex and interesting 
character. Only specific narrow zones (possible width 100 m ?) have low 
18 O values and suggest surface water throughput at some time or tints 
230 or less million years ago. Further study will be highly relevant 
for the evolution of the Darran-Hollyford differentiation series, and 
the continental margin of New Zealand's present West Ooast. 

2.2.3 Lectures, travel, papers 

P. Blattner was overseas from late August till mid-November mainly 
for a contribution to the Advisory Group Meeting on Stable Isotope 
Standards at the IAEA, Vienna. Lectures and papers were also given in 
Japan (Jtew Energy Foundation), China, Switzerland, and the United 
States, and at the Fourth Water-Rode Interaction Conference in Japan. 
Introductory lectures on stable isotopes were given at the Geothermal 
Institute, Auckland, the paper on magnetite-tLO geothermometry appeared 
in Isotope Geoscience (Blattner, Braithwaite, and Glover) and that on 
Himalayan intrusives in Earth and Planetary Science Letters (Blattner, 
Dietrich and Gansser). 

A visit was paid to Lower Butt by Dr V.R. McGregor, the original 
discoverer of the 3.8 m.y. old Amitsoq gneisses of Greenland. 
Granulite Facies metaitorphism appears to have considerably disturbed 
Sm-Nd as well as U-Pb clocks in the southeastern part of these gneisses 
because of large scale metasanatic transfer of sensitive elements such 
as U, Pb, rare earths and Sr. 

2*3 Ore deposit studies 

2.3.1 Isotope studies on Kuwait safckhas - B.W. RObinson, M.K. Stewart 

The results to date on this study were compiled as an abstract for 
the 4th International Symposium on water-rock interaction; Misasa, 
Japan, August 29 - September 3, 1983. 

The Kuwait groumlwaters are mainly old formation waters with low 



8. 

6D and values. Areas with local groundwater recharge such as Untn 
Al Aish have more positive isotope values. The continental sabkha and 
sons marine sabkha waters are derived from formation waters by 
evaporation, Whereas the marine sabkha waters in the areas of present 
day sea water flooding are evaporated sea water. The latter also 
contain sea water sulphate which is isotopically quite distinct from 
continental sulphate. Sulphate in the waters Where significant recent 
recharge has taken place may contain sulphate leached from the getch 
layers: here concentration of rain water sulphate has taken place for a 
long period of time. 

2.4 H^drocaibon research 

2.4.1 Carbon-13 in crude oils - 6.L. Lyon, K. Stanley 

A series of New Zealand crude oils were analysed to compare their 
13 12 C/ C values, as indicators of source type. This study is with M: 
R. Oook of the K.Z. Geological Survey. Analyses are still preceding, 

13 12 but there appear to be only small variations in C/ C ratios of New 
Zealand oils. 
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3.0 I8Q9QHE HXDRQLOGY 

3*1 Groundwater studies 

5.1.1 Sources of Wairarapa groundwaters - h.R. Stewart, T.M. McTague 

The soils and climates of parts of the Wairarapa Plains are 
considered very suitable for horticulture* but rainfall shortages often 
occur during the growing season. Oxygen-18 measurements (in conjunction 
with tritium measurements by Dr C. Taylor) were carried out in eight 
areas, where groundwater iL most needed, to assist the Wairarapa 
Catchment Board in assessing the groundwater resources. Results of a 
preliminary survey showed varying contributions of river water and 
incident rainfall to groundwater in different areas. Tritium contents 
are high in the upper valley regions (showing recent recharge of water) 
and low in the lower valley region (showing discharge of older water). 
Oxygen-18 measurements are being continued. 

3.1.2 Whakarewarewa Hot Springs - M.K. Stewart, C.B. Taylor, 
T.N. M=Tague 

A stable isotope study of the Whakarewrirewn hot springs and Rotorua 
geothermal system has been undertaken in conjunction with tritium and 
chemical measurenents (Dr R. Glover, Chemistry Division). Our objective 
is to contribute to understanding of the systems and particularly how 
exploitation of the Rotorua system will affect the Whakarewarewa geysers 
and hot springs. Preliminary results have shown that a steam-heated 
body of hot water underlies Rotorua and chloride-rich hot waters occur 
to the east and south. Whakarewarewa springs derive water from this 
chloride water. Further samples will be collected in 1964. 

3.1.3 Shallow groundwaters at Wairakei - M.K. St swart, T.M. McTague 

Isotopic and chemical measurements tvive been made on samples from 
water table wells at the wairakei geothermal area in conjunction with 
Chemistry Division at Wairakei. The waters vary from near-boiling to 
cold depending on the input of deep water or steam. It is hoped to 
relate the effects observed to changes in heat flow from depth resulting 
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from exploitation of the deep aquifer at Wairakei; similar effects due 
to Wairakei exploitation have already been observed in near-surface 
aquifers at Ibuhara and Karapiti. 

3.2 Stream and rainwater studies 

3.2.1 Storm runoff generation in humid headwater catchments -
M.K. Stewart 

Intensive studies of the response of South Island beech forest 
catchments to rainfall have been carried out in collaboration with Dr 
M.O. Sclash (on leave from the University of Windsor, Windsor, Canada) 
and Dr A.J. Pearce (from the Forest Research Institute in Christchurch). 
Ihese studies were directed to settling a long-standing controversy on 
how water gets from the catchment to the stream during storms. 

18 Measurements of 0 content in streams during storms have shown that 
streams predominantly discharge old water (i.e. water present in the 
catchment before rain started), whereas hillslope studies have led to 
the conclusion that streams discharge a high proportion of new water 

18 (current rainfall). We have looked at O contents of soil waters frcm 
the catchment boundaries to the stream bed, and from the ground surface 
to the water table to integrate the stream and hillslope-oriented 
approaches. We find a predominance of old water at all sites for all of 
the storms sampled. A series of three papers is in preparation on this 
work. 

3.2.2 Deuterium in New Zealand rivers and streams - M.K. Stewart, 
G.L. Lyon 

Over 750 deuterium measurements on rivers and streams in Mew 
Zealand were reported in an IMS publication with the above title, in 
collaboration with M.A. Cox and M.R. James (formerly of INS). Monthly 
samples were collected for periods of several years from a number of 
representative rivers; these show irregular storm-to-storm as well as 
seasonal deuterium variations. The seasonal variations range from as 
low as l°/oo for lake-fed rivers to 8~10°/oo for rivers with large 
spring snow-melt contributions. Variations in mean annual 6D values 
are believed to reflect changes in climatic variables; the present data 
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will be used to compare with future changes. The bulk of the data are 
single samples; these show a geographic variation related to the 
altitude, latitude and climatic character of the catchments, with the 
highest deuterium contents (6 D » -20°/oo) occurring in the far north; 
and lowest contents (-80%x>) occurring in the inland Otago region. 
Regression equations relating «D to the mean altitudes (h in m) and 
latitudes (1 in °S) of the catchments were «D • -0.0169 h - 30.2 and 
6 D «-1.76 1 + 41.6 respectively, for climatic zones dominated by 
westerly influences. (This altitude dependence is shown in Fig. 2.) 
Eastern climatic zones have lower deuterium contents because of rainout 
effects on the axial ranges. Contours of constant 6D values in New 
Zealand precipitation were also derived. 
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Figure 2. 6 D values of river and stream samples plotted against the 
precipitation-weighted mean altitudes of catchments, for all of the 
North Island and for western areas of the South Island. Altitude 
variation accounts for 551 of the variation in 50, and much of the 
remainder is due to latitude variation. 
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3*3 analytical procedures 

3.3.1 Zinc shot deuterium preparation method - M.K. Stewart, 
G.L. Lyon* K. Stanley 

After considerable trial and error, and difficulty in obtaining the 
correct size reagent aa used by Coleman et al. (Anal. Chem. 54, 993, 
1963), this method was successfully developed for use in our laboratory. 
A significant improvement in reproducibility was found if the zinc was 
heated under vacuum for 10 mins at 450 C and any gases removed before 
the water sample is added, the water and zinc shot are then allowed to 
react at 450 C for one hour. A block of aluminium heated to 450 C is 
used to heat the tubes for both the pre-treatraent and reaction. Results 
have good precision and memory effects between samples are almost 
eliminated. This method has now replaced the uranium and zinc/sand 
conversion methods used previously. 

3.3.2 Deuterium and oxygen-18 analysis - M.K. Stewart, T.M. Mdague 

Over a 1000 deuterium analyses were carried out this year, a big 
increase on previous years. This was achieved because of the new sample 
preparation method (3.3.1), and because the runoff study required 
analysis of a very large number of samples (500). There were no major 
problems with the deuterium mass spectrometer. 

The oxygen-18 preparation system was altered to allow oscillation 
of the samples so that isotopic equilibrium would be attained more 
quickly. Although not used at present this facility will allow us to 
process oxygen-18 samples more quickly if requited. Over 500 analyses 
were made and 41 measurements of the standard gave 
6 1 8 0 • -17.42 •»- 0.10%». (The 1982 value was -17.50 +- 0.10°/oo (n -
29) and the calibration measurement in 1977 was -17.46%x>). 

During the year, $12,000 was earned from deuterium and oxygen-18 
measurements. 
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4.0 GKX3AGNGL0GY 

4.1 Antarctic studies - C.J. Adams, P.P. Whitla, E.M. Field, 
D. Seward, C M . Rotter 

During this year a concerted effort has been made to date most of 
the samples collected in October 1961 by Dr C.J. Adams during the 
International Antarctic Expedition (raARP-USARIMyWOVEX) to North 
Victoria Land (Arcs Dependency). Dr Adams has been working as a 
Humboldt Fellow on some of these rocks at the University of Monster and 
West German Federal Geological Survey (Hannover). At INS Mrs Pam whitla 
and Miss Elizabeth Field have spent some time analysing rocks from this 
expedition and also from an earlier expedition (1978/9) to Murie Byrd 
Land, While Mrs Irene Ratter spent two months separating minerals from 
these rocks for analysis at Monster. 

These areas are being studied to allow some detailed correlations 
to be made between the Viestland region of N.Z. and West Antarctica, 
Which may have been contiguous before the breakup of Gondwanaland in the 
early Cretaceous. 

4.2 Strontium isotope and Rb-Sr studies in N.Z. 

4.2.1 Geochronology of Central North Island - I.J. Graham 
(C.J. Adams/J.R. Hulston) 

Further work towards Mr Graham's Ph.D. involved determination of a 
Rb-Sr Whole rock isochron for greywacke-argillite basement rocks of the 
Central North Island (West of the Kaitnanawa Ranges). An age of 138 4- 5 
ma ( 8 Srr»r( initial) • .70737 +- .00025) is interpreted to represent. 
the timing of low-grade metamorphism of these rocks (climax of the 
Rangiuata orogeny) rather than either a relict source age (too young) or 
the age of sedimentation (it would be impossible to fully equilibrate 
the Sr isotopes by physical means). Binary mixing, Which would give 
rise to an errorchron with no geological meaning, is rejected on the 
grounds that the sediments clearly have a mixed-source provenance (there 
is a wide variety of lithological type within the lithic component of 
the greywadces). 



14. 

The possibility that the Rb-Sr whole rode age represents 
equilibration of Sr isotopes during diagenesis cannot be dismissed. 
Important mineralogical changes such as the .ilbitisation of plagioclase 
and the conversion of clays to mixed-layer micaceous structures can take 
place during burial and Mxtld effectively release Sr into solution and 
allow isotopic homogenis^tion. However, it is likely that further 
resetting would have occurred during progressive metamorphism, with the 
formation of prehnite and punpellyite and further recrystallation of the 
fine grained matrix. 

This research forms part of a larger study of Quaternary volcanism 
in the Tongariro Volcanic Centre. Data on crustal xenoliths found in 
the more recent lavas (particularly Mt. Ngauruhoe, 1954 flows) together 
with data on both the Tbrlesse (above) and Maipapa basement types will 
be used to model changes in magma composition through varying degrees of 
crustal contamination ami/or fractional crystal Haitian. Preliminary 
analysis of the i-Jgauruhoe xenoliths indicate that som* may represent the 
result of partial melting of TOrlesse-typf; basement (electron microprobe 
analysis of one sample indicated the presence of cordierite, quartz and 
interstitial rhyolitic glass) while others more nearly correspond to the 
chemical composition of the proposed sedimentary precursor. Rb-Sr 
isotopic analysis of these rocks may prove to be a powerful method of 
differentiating the various xenolith types and of assessing their 
influence on the chemistry of the Tbngariro volcanic centre lavas. 

4.2.2 Strontium isotopes - B.M. Field, P.P. Whitla 

Strontium isotope ratios were produced for a suite of Mercury 
Basalts from Coromandel collected by D. Skinner, M.S. Geological 
Survey, Otara. Some results obtained on Fiordlanri rocks were plotted on 
an isochron but further work is neojssary to define the line more 
exactly (P. Blattner). I. Smith from Auckland University visited the 
Institute to analyse some inclusions from within the lava flows around 
VJhangarei Heads. The ratios give indications of a geochemically evolved 
crust being incorporated as inclusions. A selection of Auckland Island 
rocks was analysed for J. Gamble (Victoria University). 
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4.3 Potassium-^rqon dating projects - P.F. Mhitla, B.M. Field, 
J.R. Hulston, C M . Rutter 

A selection of the rocks collected by C.J. Adams and J. Gamble on 
Auckland Island were dated. Further work on volcanics from New 
Zealand's Northland peninsula have yielded slightly older ages than 
expected and considerable interest is now being shown in this area. 
Some very young rocks from geothermal fields in the Philippines were 
analysed; these have high atmospheric argon contents, and therefore 
K-Ar dating has not given accurate results. Two students from 
Canterbury University Geology Dept. visited the lab and learnt K-Ar 
techniques enabling them to date some Banks Peninsula volcanic rocks for 
Ph.D. work. Work was carried out on West!and granites in cooperation 
with A. Tulloch from MZGS. 

A combined f ission-traek/K-Ar project with D. Seward on Westland 
tntrusives is underway, p.p. Whitla collected and dated some intrusives 
from the Darran Mountains, Fiordland with P. Blattner (NZGS). 

4.4 Pota—ium-argon computer catalogue - J.R. Hulston, P.F. Vtiitla 

During the latter part of the year, a temporary employee (Mr 
Matthew Connor) collated potassium and argon data from the 1979-82 
period, and entered it into a 'Datatrieve' file on the Gracefield Vax 
computer. It became clear, however, that this type of retrospective 
entry is not the most efficient - for this project at least - and leaves 
a number of 'loose ends' which require a scientific decision from a 
geologist. We have therefore begun work on an alternative entry system 
where separate small computer-files are prepared for each project as it 
proceeds. The geologist working on the project will use this to prepare 
summary tables and if necessary to decide Which analyses should be 
repeated or which rocks should be recollected. When the project is 
completed this file will be used to prepare the result table and to 
update the master file. The master K/Ar list is to became a subset of 
an INS sample record system currently being set up by Dr M.R. Manning. 
A similar subset is to be set up for Rb/Sr dating. 

A revised analytical error analysis method for K/Ar has been 
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developed and incorporated into the above age computation program* 
because the error analysis formulae given in standard textbooks on K/Ar 
were inadequate for young samples. 

4.5 analytical techniques 

4.5.1 Hb-Sr chemistry and computing improvements - I .J. Graham, 
B.M. Field 

1. Cation exchange chromatography: In order to simplify the procedure 
and eliminate a recurring Kb-contamination problem, it was decided to 
pass all samples twice through the columns using 2M HC1 as elutant. 
This has enabled the collection of better Sr-rich aliquots, and these 
run more consistently in the mass spectrometer. 

2. Rb-Analysis: Two attempts were made (by I.J. Graham) to analyse Rb 
by the isotope dilution technique. Five passes through the Sr-cation 
exchange columns were required to produce a suitable precipitate for 
loading (20 ml 2M HC1 through then 10ml collected). The Rb 
concentration of standard rocks ACV-1, G-2 and BCR-1 determined in these 
runs compared favourably with values in the literature (Pankhurst and 
O'Nions, 1973) and also with XRF analyses at Victoria University. 

3. HAL Programs: Separate programs for Sr IA and Sr ID (i.e. strontium 
isotope analysis and isotope dilution) and Rb ID (rubidium isotope 
dilution) have been developed from the original multi-purpose HAL 
program in order to relieve pressure on the available memory space and 
also to incorporate additional statistical routines such as Grand Mean 
and Skewness calculations. The TU-58 loading and retrieval facility has 
made these changes possible through rapi<1 access and greater storage 
capacity. 

4.5.2 Argon analysis - P.P. Whit la, E.H. Field, J.R. Ralston 

The argon line was operating fairly continuously this year with no 
major problems. 313 analyses wars carried out. For most of the year a 
daily air analysis WAS run and the result used as the discrimination 
correction for that day. Dating of yr-mg samples has again been 
avoided, because of variability in air analyses. 
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4.5.3 Potassium Analysis - P.F. tttitla. E.M. Field, D. Boa, 
M. Connor, J.R. Hulston 

Potassium analyses Have been progressing over the year with a few 
major hold-ups. The sample turntable had to be repaired after moisture 
had seeped into the bearing and motor. 392 potassium analyses were run 
and D. foa and M. Connor were taught the procedures for running the 
analyses. On several occasions over the year the potassium results have 
been suspected to be low, but this fault His not been very consistent. 
Mich time has been spent making up and analysing standard solutions. 

4.6 rise ion-track dating - D. Seward 

1. Wbrk continued on dating the granites of the West Coast of the 
South Island. Die results are revealing several periods of overprinting 
and variable amounts of anealing due to burial at different depths. A 
publication has been prepared pointing out the dangers of interpreting 
ages that have undergone such partial annealing. 

2. Samples have been received from new oil wells drilled in the 
Taranaki Graben - they are now being prepared for dating. 

3. Ten ages Have been determined on obsidians from Northland and 
the Coromandel. The Northland results are, after plateau annealing 
corrections, widely spaced in time from 3.82 to 22.84 MB. In contrast 
all 7 samples from the Ooromandel have ages between 7 and 8 Mi after 
correction. Because of these initial results a further programme of 
dating the ignimbrites south of Hahei, Obromandel has been undertaken. 
Samples have been collected but preparation mist await mid-1984. 

4. Three basaltic obsidians from the N. Fiji Basin have been dated 
at less than 1.2 m . Their very low uranium contents combined with the 
very young ages mean that for two of the samples maximum ages only could 
be calculated. The results ire to be used in the determination of local 
transcurrent movements in the basin. 
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5. I9010R BIOLOGY 

5*1 Ecological research — J.S. Rounick, G.L. Lyon 

5.1.1 Sources of insect food in streams - J.S. Rounick 

The relative proportion of algae and forest detritus used as food 
by stream insects was determined using carbon-13 measurements in 
collaboration with Dr M. Winterboum of the Zoology Dept., University 
of Canterbury. Insects from six sites at increasing stream sizes in the 
Devils Creek/lnangahua River beech forest catchment near Reefton were 
analysed. Algae utilisation was found to increase with increasing 
stream size up to the largest stream (the Inangahua River), when there 
was an unexpected shift back to forest detritus dependence due to 
special factors. A paper on this work is in press (Winterboum, Cowie 
and Rounick, 1984). 

5.1.2 Insect food response to forest logging - J.S. Rounick 

Changes in food utilisation by stream insects following 
clear-felling of beech forest at the Mtimai Experimental Catchment Area 
near Reefton were monitored in logged and control (unlogged) catchments. 
The carbon-13 measurements showed that the expected shift to algal food 
sources in logged catchments does not occur imnediately after logging, 
is variable between apparently similar catchments and usually occurs 2-4 
years after logging. This work has implications for forest stream 
management. A report on this work is in press (Winterbourn and Rounick, 
1984). 

5.1.3 Carbon-13 studies in Britain - J.8. Rounick 

Two projects have bean undertaken in Britain in collaboration with 
Dr M. Winterbourn (who was on leave at Queen Nary College, 
University of London) and Dr A.G. Hildrew (also of University of 
London). 

1. Oak River Insects - Insects were collected at 15 sites along 
the River Usk in South Wales to study their food sources as a function 
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of stream maturity. The data will be compared with the Devils Creek -
Inarcgahua River project described above (Section 5.1.1). 

2. Effect of pH on insect food type - Insect food type and 
productivity is be*ng determined at snail similar-sized streams with 
different pH's in the Ashdown Forest near London to determine the effect 
cf pH changes caused by acid rain on stream ocanunities. 

5.1.4 Fbod sources of H.Z. freshwater fish - J.S. Rounick 

To expand the insect work to native fish, two forest-lined and two 
pasture-lined streams near Vfeikanae were studied in collaboration with 
Mr B.J. Hicks of the Fisheries Research Division. Preliminary 
experiments were conducted with several species of fish to determine 
both the amount of C fractionation by fish of their food and the 

13 distribution of £ C values in different tissues of the same fish. 
After this preliminary work, fish, invertebrates and potential 
invertebrate foods ware collected from the four study sites. Dr Rounick 
analysed the material for stable carbon isotope abundance while Mr Hicks 
described quantitatively the stomach contents of the fish. At three of 

13 four sites, fish 6 C values were closely linked to those of their 
invertebrate prey. However, at the fourth site, fish were several /oo 
more enriched than the resident invertebrates suggesting another carbon 
source was being incorporated into fish tissue. Stomach content 
analyses of these fish showed that up to 100% ingestion of terrestrial 
invertebrates such as earthworms, beetles, and wetae was occurring. 
These ingestion data, in conjunction with the unusual isotope data, 
demonstrated that the terrestrial invertebrates ware an important 
previously unknown carbon source for the native fish. A paper on this 
work is in review (Rounick and Hicks, 1964). 

5*1.5 Antarctic marine consuatra — J.S. Rounick 

Samples of fish, plankton, invertebrates, penguin and seal material 
ware collected at Soott Base and Cape Bird in the Antarctic and have 
been analysed for carbon-13. It appears that a large isotopic 
difference is found between open water (Cape Bird) and sea ice 
camunities. It is hoped that these differences will relate to What is 
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known about variation in abundance and carbon-13 content of potential 
foods in both environments, fhia work will be written up in 1964. 

5.1.6 Geothermal and cold spring fauna - J.S. Rounick, H.R. James 

The distribution of c=»tbon-13 in dissolved inorganic carbon (DICK 
algae and invertebrates from four hot springs near Taupo and a cold 
spring near Arthur's Pass was examined. At the hot springs carbon-13 
enriched inorganic geothermal carbon was incorporated into the resident 
flora and fauna giving values as high as 6 C » -13 /oo. In the cold 
spring, unusual carbon-13 depletion as low as -48 /oo occurred as 
biogenic CO, from the soil comnunity in the spring recharge area was 
incorporated into the carbon pool at the spring. A note outlining this 
work is in press with Limnology and Oceanography (Rounick and James, 
1984). 

5.1.7 Marltorough Sounds - J.S. Rounick, G.L. Lyon 

The N.2. OceanograpYuc Institute collect*! a series of fish, and 
13 macrophytes and invertebrates from the Sounds for C analysis as a 

preliminary to food chain studies. Likewise a small set of flora and 
fauna were collected by Canterbury University from the Kaituna estuary. 
These were analysed by Dr Rounick and provide background data to more 
intensive studies on the biological dynamics of the ter thorough sounds. 
These will include a study of the blue-lipped mussel from various farms 
in the Sounds to determine if significant differences occur in the food 
utilised by the mussels; and in particular, if there is any terrestrial 
input. This work is with Dr R. Hickman of the Fisheries Research 
Division of Ministry of Agriculture and fisheries, Greta Point. 

5*1.8 Lake axplankton production - G.L. Lyon 

With M.R. James of Murine and Freshwater Research Division, Taupo, 
a selection of plankton from lakes of the Taupo-Rotorua area were 

13 analysed for C. The large differences found reflect different trophic 
•tats* of the various lakes and a more intensive study will continue. 



5.1.9 Bacterial photosynthesis - G.L. Lyon 

In a project with Dr Reiden Sirevag of the University of Oslo, some 
carbon isotope analyses of the green chloroflexus bacteria were made. 
Results suggest photosynthesis is not similar to G, plants, as other 
photosynthetic bacteria were, but more like C. plants. Biochemical 
studies will continue, to understand this unusual organism. 

5.2 Food Studies 

5.2.1 Vinegar - G.L. Lyon, K. Stanley 

13 ' Two different methods of sample preparation were tried for the 6 C 
analysis of acetic acid in vinegar. The intention is to differentiate 
between vinegar of cane sugar and of cereal origin. The most promising 
method is combustion of calcium acetate made from drying vinegar treated 
with calcium carbonate. This work will be completed in early 1964. 

5.2.2 Partitioning of nutrients in dairy cows - G.L. Lyon, 
K. Stanley 

Drs G. Wilson and D. Mckenzie of the Animal Science Department of 
Missey university have asked for collaboration to use carbon-13 to trace 
the direct diet contribution to milk production. 

Preliminary samples indicate that some components of a cow's milk 
reflect changes of diet from C3 to C4 plants. Further analyses should 
indicate the composition of the nutrients mobilised from body tissue as 
distinct from milk components supplied directly from food. The milk 

• components will be isolated and analysed as lactose, protein and fats. 

5.2.3 Wine adulteration - M.K. Stewart, G.L. Lyon, T.M. HSTague 

Wines and sherries suppl ied by Chemistry Division (Auckland) were 
analysed isotopically to confirm chemical evidence of watering. The 
oxygjer-18 contents varied linearly with the magnesium and inversely with 
the fluoride contents, showing addition of (fluoridated) tap water (up 
to 701). The carbon-13 contents of the ethanol showed that many of the 
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wines and sherries had 40% cane sugar added, and that if there was 
appreciable watering the cane sugar addition was higher (up to 90%). 

5.3 nitrogen isotope studies - J.R. Hulston 

An experiment in conjunction with the School of Forestry, 
University of Canterbury on the uptake of urea fertilizer by pine trees 
is now well underway. It is expected that Mr Roger Thomas who is 
undertaking this work for his Pb.O. degree will visit INS in early 1904 
to measure the Tl uptake of the first growth from the urea application. 

5.4 Reaction rate studies - J.R. Hulston 

Mr Gordon Miskelly of the Chemistry Department of University of 
Otago visited INS in November to measure the oxygen-18 content of cobalt 

18 complexes reacted under a variety of conditions with O labelled 
compounds. The results will form part of Mr Miskelly's Bi.D. thesis. 
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6.0 M S S SfKIROMSTBt INSTWNWIMIOH 

6.1 Upgrading of mass spectrometers 

6.1.1 Automatic sample pressure balancing - W.H. Haald, J.R. Hulston, 
M.K. Stewart 

A prototype electronic unit was built for the sulphur isotope mass 
spectrometer to hold the major beam collector currents for reference and 
sample gases constant by controlling their inlet pressures using bellows 
and stepper motors. After extensive testing the design was finalised 
and printed circuit boards made. The completed unit will be installed 
in 1964. A second unit is being made for the deuterium mass 
spectrometer. 

6.1.2 Improvements to the deuterium mass spectrometer - W.H. Haald, 
M.K. Stewart, J.R. Hulston 

Plans to upgraie the operation of the Micromass 602C mass 
spectrometer used cor deuterium measuremwrts include redesigning the 
ratio measurement circuits AS well as installing the automatic pressure 
balancing unit described above. Ibe outputs from the major and minor 
amplifiers will be fed to the microcomputer via voltage to frequency 
converters, Which have already been installed. Ihis will replace the 
present resistance divider-chart recorder-digital volt meter measuring 
circuits and should give improved accuracy. For operator convenience, 
the chart recorder will continue to be used to display the sample and 
reference isotopic ratios. 

6.1.3 Solid-source mass spectrometer - J.R. Hulston, 
J.B.R. Penman 

Ihe high voltage supply continued to break down during the year, 
but a new unit has now been ordered. A peak centering circuit was added 
to the magnet control. Ihe focus unit has also given problems and it is 
hoped that during 1964 it can be replaced by an automatic focussing unit 
driven by the HAL microcomputer. This would be the first step towards 
complete automation of sample analysis (including unattended overnight 
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operation). 

6.2 tmintanance 

6.2-1 Stable isotope mass spectrometers and sasple preparation 
systems - J.B.R. Penman, J.R. Hulston, M.K. Stewart, W.J. Judd 

A nwber of glass sanple preparation systems were built or rebuilt. 
The monitor for the NAA mass spectrometer was built into the cabinet. 
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7.0 TRAVEL M D VISITORS 

7.1 Visit to Australia - J.R. Hulston 

In February Dr Hulston attended the 5th Conference of the M B 
Society for toss Spectrometry held at Manash University in Melbourne and 
presented a plenary lecture on stable isotopes in geochemical and 
geothermal research. Following the conference he visited AHU in 
Canberra to see the mass spectrometer ion probe and to discuss stable 
isotope, geochronology and carbon-14 research with colleagues. In 
Sydney a visit was made to the AAEC/CSXRO laboratories at Lucas Heights, 
MKcjuarrie University, and to the CSXRO laboratories at North Ryde. As 
a result of this latter visit Dr John Smith of the division of fossil 
fuels visited N.Z. in May and spoke both at the Geochemical Group 
meeting in Rotorua and at INS on his work on stable isotopes in fossil 
fuels. 

7.2 Return from Kuweit - B.W. Robinson 

After leaving Kuwait in July Dr Robinson visited Japan in August 
and attended the Fourth International Symposium on Water-Rock 
Interaction held at Misasa. Before the meeting he visited the Isotope 
Geology laboratories of Toyama University and after the technical 
sessions of the meeting visited the Hakone geothermal area. 

Following hurried negotiations in Tokyo during the September Korean 
Airlines incident demonstrations, Dr Robinson was able to travel to 
Moscow and take part in a UNEP/SOOPE workshop on "Stable Isotopes in the 
Asbessment of Natural and Anthropogenic Sulphur in the Environment" 
which was held at the SCOPE Sulphur Unit, Institute of Biochemistry and 
Physiology of Microorganisms, Puskchino, Moscow region. 

i 

i 

7.3 Vlelt by Dr Michael 0. fklash 

From August to November, Dr Sklash from the University of Windsor, 
Ontario, Canada, worked on a joint project between INS and Forest 
Research Institute. The project concerned forest hydrology of a 
catchment nwr Reefton (see section 3.2.1). Dr Sklash received a salary 
for two months from INS and field expenses plus accommodation from FRI 
enabling him to carry out this very worthwhile project. 
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