
f.i?T>: •:. -.j-f-o)? 

SUMMARY OF THEORY AND TECHNIQUES, SAMPLE SELECTION AND PROJECT 
ORGANISATION FOR POTASSIUM-ARGON, RUBIDIUM-STRONTIUM AND FISSION 

TRACK DATING AND STRONTIUM ISOTOPE STUDIES 

C.J. Adams, I.J. Graham, D. Seward, 
Institute of Nuclear Sciences, DSIR, Lower Hutt 

ABSTRACT 

A brief outl ine Is given of the theory and techniques of the 
potassium-argon, rubidium-strontium and f ission-track dating methods and 
related isotope studies which are currently 1n use at the Ins t i tu te of 
Nuclear Sciences, DSIR. Some l imitat ions of each technique are set out 
in terms of age range and materials for dating, and the appropriate 
choice of various mineral and rock types and subsequent age interpret­
ations are discussed. 
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and procedures for sample submission and documentation are given. 
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INTRODUCTION 

Rotassium-argon (K-Ar), rubidium-strontium (Rb-Sr) and fission track 
dating, developed at the Institute of Nuclear Sciences, are the most 
versatile methods for geochronologlcal studies In New Zealand. This 
report briefly outlines technical aspects and selection procedures for 
K-Ar, Rb-Sr and fission track dating studies, and the way in which these 
projects should be organised. 

The K-Ar method remains the most widely used technique because i t 
has applications to most classes of rocks and minerals over the whole 
geological time-scale (an extreme younger age limit would be 5,000 
years). Rb-Sr dating is restricted to fewer rock/mineral types and its 
application in geochronology is mainly in studies of rocks older than 
25 Ma. 

Allied to the Rb-Sr dating method, is the use of 8 7 S r / 8 6 S r ratios 1n 
rocks for petrogenetic studies. These ratios reflect the ancestry of 
igneous rocks in terms of the Rb content and age of their pre-cursors 
and/or their various origins in the earth's crust or mantle. 

Fission track dating, based on the spontaneous fission of 2 3 8 U , 1s 
most suitable for Mesozoic-Cenozoic sequences. I t is used for absolute 
dating of samples which are unaffected by heat subsequent to formation, 
but because of the relatively low annealing temperatures of some 
minerals e.g. apatite, i t can be an important tool in thermo-tectonic 
studies (burial histories e tc . ) . 

THEORY AND TECHNIQUES 

The K-Ar method 

This dating technique relies on the weak natural radioactivity of 
the rarest isotope of potassium, "»% P»°K/K • 0.01167%), which decays 
by e-decay (decay constant Xe « 4.962 x 1 0 - 1 0 y r - 1 ) to **°Ca and by 
electron capture, positron emission and several y-rays (decay constant 
Ae » 0.581 x 1 0 - 1 0 y r _ 1 ) to ^Ar . The branching ratio x e / \ 0 of this 
dual decay 1s 0.U7 i .e . 10.5% of decays is to *»0Ar. The hal f - l i fe of 
t h e ^ K is 1.25 x 10 9yrs. 

The **°K- l f 0Ca decay branch is rarely used in geochronology because 
of technical difficulties with calcium mass spectrometry and the 
measurement of small amounts of radiogenic 4 0Ca 1n the presence of large 
quantities of ini t ia l l , 0Ca ( I . e . present 1n the rock when formed), which 
1s the commonest Isotope (97%) of calcium, Itself an abundant rock 
forming element. 

In contrast, argon Is a very rare constituent of rocks and because 
of I ts gaseous, Inert character, even tiny quantities of l , 0 Ar ( 1 0 - l 0 l ) 
are readily measured by modern mass spectrometry methods. However, 
argon 1s an Important constituent (0.934%) In air and l f 0 Ar is by far the 
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most abundant argon Isotope (HOkr = 99.60%, 3 8 A r = 0.06%, 3 6 Ar = 0.34%); 
thus atmospheric argon contamination of rocks and minerals (both during 
geological time and during laboratory analysis) 1s potentially a very 
serious problem. This 1s especially so In the case of young rocks, 
where the quantities of **°Ar (radiogenic) extracted from rocks are 
comparable with any residual atmospheric argon in ultra high vacuum 
(UHV) apparatus and mass spectrometers, or atmospheric/radiogenic argon 
actually dissolved in silicate melts, for example volcanic lavas during 
eruption. However atmospheric argon has a constant ratio l , 0 Ar / 3 6 Ar • 
295.5 and hence 3 6 A r contents can be used to discriminate between 
radiogenic and non-radiogenic **°Ar. Since the 3 6 Ar quantities are 
themselves extremely small, the accuracy of their measurement becomes 
the principal factor in the errors of age determinations of very young 
(<1 Ma) rocks. 

The radiogenic argon in rocks and minerals is extracted, purified 
and measured under ultra-high vacuum conditions to minimise atmospheric 
argon contamination. The argon quantities are determined by an isotope 
dilution procedure which Involves the addition of an art i f lcal ly 
enriched rare isotope of argon, 3 8 Ar , (the 'spike') as a tiny aliquot 
(0.4 x 10"91) from a precision gas pipette, to tne argon (radiogenic + 
atmospheric) extracted from a rock by melting In vacuo with an RF 
induction heater. The argon Isotopes are separated from contaminant 
gases by a molecular sieve to remove polar molecules (H 20, C0 2, etc) and 
hot titanium to remove chemically active gases. (0, N, S0 X, N0 X, CI, F, 
H, CO, CH«, etc). Purified argon Is then measured on a small automated 
mass spectrometer as 3 6 Ar (mainly atmospheric) 3 8 Ar (spike) **°Ar (mainly 
radiogenic + atmospheric). 

Potassium 1s analysed by a flame spectrophotometry method by 
comparison with pure potassium hydrogen phthalate standards. Potassium 
is extracted from rocks by HF/HN03 digestion 1n stainless steel/PTFE 
pressure vessels and cation exchange separation in acid media (HN03) on 
analytical grade Dowex-type 1on exchange resins. 

Choices of minerals for dating 

The choice of rock or minerals for K-Ar dating 1s Influenced by two 
Important assumptions relevant to the method 1) no argon C*°Ar) 1s 
present in the rock and mineral at the time of formation (t * 0) and 
2) the rock and/or minerals remain closed systems throughout their 
lifetime ( i . e . no gain or loss of Ar or K). The lattice structure of 
some framework silicates has a bearing on the f i rst assumption and the 
diffusion characteristics of argon and structural location of K In 
minerals have a bearing on the second. 
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Micas 

Biotite and muscovite are widespread in plutonic and higher grade 
metamorphic rocks (and to a less extent in volcanics) and are hence 
the best and most reliable materials for K-Ar dating. Their high K 
contents and excellent "*°Ar retention characteristics mean that they 
can be used through the widest geological time-range. However, 
their argon retention temperature can be as low as 250-350°C, which 
is well below the temperature of crystallisation of most rocks (time 
of formation) and represents a later event, during the cooling stage 
of a rock sequence. In geological situations where this cooling 
interval is protracted (for example, the uplift stage of orogenic 
belts) then biotite and/or muscovite mineral ages have to be 
interpreted, a priori , as 'cooling' ages. 

Amphiboles 

Amphiboles in general, and hornblende in particular (K content 
0.5-1.0%), have higher argon retentivity than micas and are there­
fore more resistant to thermal overprinting of a younger geological 
event upon an older one that 1s being dated. Radiogenic argon 
begins to accumulate in hornblende at high temperatures, ~400°C, and 
in metamorphic terranes where slow cooling histories may cause 
significant age discordances, hornblende ages approximate more 
closely than micas to an original rock forming (crystallisation) 
event. 

Pyroxenes 

Low potassium contents of pyroxenes, generally less than 0.2%, 
limit their usefulness for dating, despite high argon retentlvltles. 
They have an open three dimensional lattice structure, which allows 
some incorporation of gases under high pressures. In common with 
similar silicate structures, such as found in beryl, cordlerite and 
some feldspathoids, these minerals can absorb 'excess' argon (with 
other gases) i.e., that not produced by 1n situ decay of l f 0K and 
measured ages are therefore usually far too old and quite spurious. 

Feldspars 

Orthoclase, anorthoclase, mlcrocline and adularla may have wery 
favourable potassium contents (8-10%) but their argon retentivity 1s 
poor and the diffusion mechanism complex (K may be held 1n two 
different energy sites 1n the feldspar la t t ice) . Such feldspar ages 
are thus frequently younger than anticipated and demonstrate the 
ease with which relatively minor and mild geological events subse­
quent to rock formation can cause significant argon loss. 
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Amongst the feldspars, sanidine 1s an Important exception and high 
temperature (volcanic) sanidine is an excellent geochronometer. 
Because of i ts high K-content (up to 10%) and argon retentivity, i t 
allows dating of volcanic rocks as young as 8000 years. 

For reasons similar to the low-temperature K-feldspars mentioned 
above, plagioclase feldspars are also unreliable for dating and 
their low (<0.5%) potassium contents are a further drawback which 
adversely affects errors of young (<1 Ma) ages. 

Glauconite 

The complexity of glauconite structure and paragenesis makes K-Ar 
dating of glauconites rather controversial. Glauconite undergoes 
several mineraloglcal changes during sedimentary rock formation and 
each Involves partial K loss/gain and potential argon loss (and ages 
younger than anticipated). They are susceptible to even slight 
disturbance during diagenesis and burial metamorphism. The most 
reliable glauconite varieties are those which have low-Fe, high-K 
(>6%) and a relatively ordered muscovite-like lattice structure. In 
a few cases, glauconite formation 1s known to proceed by degradation 
of pre-existing phyllosilicates, such as biotite and chlorite and in 
these cases the new glauconite may inherit radiogenic argon and 
yield ages that are demonstrably too old. 

Whole-rock dating 

Potassium-argon dating of whole-rock samples 1s reliable 1f they 
contain favourable potass1c minerals and are very fresh. I t is 
frequently the case that whole-rock dating has to be attempted on 
rocks too fine for mineral separation, for example aphyrlc volcanic 
rocks. Although often fresh, such rocks may have an unreliable 
component, the interstit ial volcanic glass, that is quite potassic 
and which may have altered, devltrified or dehydrated with time and 
consequently lost significant amounts of radiogenic argon. 

Influence of rock texture 

Diffusive argon loss 1n minerals follow an approximate, simple 
spherical volume diffusion model and the quantitative effects are 
consequently greater for finely crystalline rocks. For a given thermal 
Impulse, coarse micas would be less affected than fine ones. I t 1s 
therefore advisable ts collect representative samples for dating at the 
coarsest possible grain size - thin section examination and mineral 
separation are then also much easier. Sample size must also take Into 
account the modal mineral proportions and grain size but minimum 
representative sample weights of fresh rock for dating are given below : 
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Grain Size Texture Representative 
Sample Ut.(kg) 

>30 mm Pegmatitic 5 
1.0-30 mm Coarse 2 
0.1-1.0 mm Medium 1 
<0.1 mm Fine 0.5 

When choosing samples, preference must be given f i rst ly to the 
freshest rocks available, with the minimum textural 'complications' such 
as dense jointing, pervasive weathering, veining, patchy alteration, 
inclusions, vesicles, xenoliths etc; secondly, to coarsely crystalline 
rocks in which mineral proportions are favourable and easily assessed 
and thirdly, to rocks with abundant muscovite, bioti te, sanidine 
(volcanic) or hornblende. Where possible i t is best to avoid strongly 
feldspathic, feldspathoidal, zeolitic and carbonate-rich rocks. Samples 
should also be taken as one piece. 

The Rubidium-Strontium method 

Much of the theory and application of the K-Ar method briefly 
outlined above applies to Rb-Sr dating. This method depends on the 
natural radioactivity of 8 / Rb (27.8% of common rubidium) to 8 7 S r by 
B-decay (X = 1.42 x lO '^yr" 1 ) with a hal f - l i fe of 4.8 x lO* 0 yrs. 
The age determination requires the measurement of 8 7Rb and 8 7 Sr (radio­
genic) quantities in the rocks on the assumption that they have remained 
closed system, with respect to both since the time of crystallisation. 
For technical reasons i t is easier to refer both to a common denom­
inator, 8 6 S r , so that the quantities become ratios i .e . 8 7 Rb/ 8 6 Sr , 
obtained from the Rb/Sr ratio measured for example by XRF spectrometry, 
and 8 7 S r / 8 6 S r which 1s simply determined by solid-source mass spectro­
metry. However, unlike the K-Ar method, where an assumption that no 
radiogenic Isotope, 1 , 0 Ar, is present 1n rocks at the time of formation, 
this 1s not true of 8 7 S r , which 1s present in all strontium associated 
with the common rock-forming element calcium. I t 1s therefore necessary 
to make assumptions about the Ini t ia l 8 7 S r / 8 6 S r ratio in a rock, or 
measure this from a Rb-free phase present (such as plagloclase) or to 
calculate 1t Independently from several samples of the same rock unit 
which are demonstrably of the same age ( I . e . t 1s constant) and origin 
[ ( 8 / S r / B 6 S r ) i S constant] but which have slightly different Rb and Sr 
contents ( I .e . variable Rb/Sr ratio). Results are graphically displayed 
using a Rb-Sr isochron diagram ( 8 7 Rb/ 8 6 Sr v 8 7 S r / 8 6 S r ) from which a 
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linear array (isochron) has a slope proportional to the rock age and a 
8 7 S r / 8 6 S r intercept equal to the in i t ia l Sr isotopic composition. 

Rb-Sr dating of minerals follows the same general principles and 
restrictions as for K-Ar dating but i t is usually only high-Rb minerals 
such as sanidine and micas that are confidently used for dating. 
However, whole-rock samples (which have a much larger diffusion domain 
size than the component minerals) are essentially closed systems with 
respect to Rb and Sr under most geological conditions subsequent to 
crystallisation and are widely used for isochron age determinations. 
However, numerous (say 25-30) large, 2-5 kg, samples have to be 
collected to search for some variation in the Rb-Sr ratio, and yet they 
must be sufficiently closely associated in the field (say on the large 
outcrop scale, ~ 500 m) to be confident that they are all definitely of 
the same age and had the same in i t ia l Sr ratio. These criteria are 
usually met with igneous rocks and more rarely for higher grade 
met amorphic rocks (upper greenschist fades and above). The mechanisms 
that produce ini t ia l strontium isotopic homogenisation for sediment-
ation/diagenetlc and burial metamorphic processes are uncertain and 
isochron ages are therefore far less predictable and convincing. 

Strontium Isotopic studies in petrogenesis 

The isotopic composition of strontium changes continuously because 
of the decay of 8 / Rb to 8 7 S r and the rate of change is proportional to 
the Rb/Sr ratio of the system in which strontium resides. Therefore, 
rocks and minerals in the earth's crust and mantle acquire 8 7 S r / 8 6 S r 
ratios which reflect their Rb/Sr ratio and age. The Isotopic 
composition of strontium in rocks thus has an increasingly wide range 
throughout geological time. However, various geological processes 
continuously destroy rock sequences and recomblne them to form new ones 
which then inherit strontium distinctive of earlier generations. 
In i t ia l 8 7 S r / 8 6 S r ratios of igneous rocks thus contain a record of the 
Sr isotope history of Its ancestors and Rb-Sr studies can be used not 
only to measure the geological age but also provide Information about 
their previous geochemlcal history. Other Isotopic ratios involving 
radiogenic Isotopes such, as ^ N d / ^ N d , 2° 6Pb/ 2 0 l*Pb, 207 P b /20<* P b a n d 

2 0 8 Pb/ 2 0 ' , Pb are frequently used 1n conjunction with or 1n addition to 
8 7 S r / 8 6 S r measurements. 

As for other geochronologlcal studies, rock samples should be fresh 
and large enough to be homogeneous and representative. To determine the 
Sr Isotopic composition of an igneous rock suite fu l ly , 1t 1s frequently 
necessary to make several determinations to Investigate a) homogeneity 
within Individual rock bodies, e.g. plutons or lavas b) extent of 
differences between similar units c) range of composition for all units 
under examination. Consequently, projects range from a minimum suite of 
10-15 analyses, to a major study requiring 50-60 analyses. 
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The main isotopes of 'common* strontium are 8 8 S r (82.5%) 8 6 Sr (9.9%) 
8 / S r (7.0%) and 8 l , Sr (0.6%). Total Rb and Sr are usually measured by 
XRF spectrometry but where concentrations are low (<10 ppm) an isotope 
dilution procedure using enriched 81*Sr and 8 7Rb spikes may be used. 
Mass spectrometric analysis of the 8 7 S r / 8 6 S r ratio is done on a solid-
source mass spectrometer with a typical precision of 0.005%. Rb and Sr 
are separated from rocks and minerals by dissolution in HF/HN03 i" 
stainless steel/PTFE pressure vessels, followed by cation-exchange 
separation in acid media (HC1) on Dowex 50-X-8 ion exchange columns. 
Pure Rb and Sr is then evaporated on to out gassed and etched single 
tantalum mass spectrometer filaments. 

Fission-track dating 

This technique is based on the spontaneous fission of 2 3 8 U . The 
fission products recoil in opposite directions, disrupting the electron 
balance of the atoms in the mineral lattice along their path to form 
damage trai ls within the crystals. Treatment with suitable etchants 
enlarges the trai ls so they are visible through a petrographic micro­
scope. The number of fission tracks is proportional to the uranium 
content and to the age of the mineral. The uranium content is 
determined by bombarding the samples with a neutron flux which induces 
fission of 2 3 5 U . 

The age of the mineral or glass is calculated using the following 
formula : 

Age = - In (1 + "V l * ! * ) y e a r s 

AD \ppi 

where P S • fossil track density from 2 3 8 U fission 

P1 - neutron induced track density from 2 3 5 U fission 

An, = total decay constant for 2 3 8 U 
= 1.551 x lO-^y- 1 

<(» • neutron fluence 

a a cross section for thermal neutron Induced fission of 2 3 5 U 
* 580 x lO-^cnf 

I ' atomic ratio 235u/238u 
- 7.252 x IO- 3 

Ap * decay constant for spontaneous fission of U 
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Because of the variability in values determined for ?.c and the 

difficulty of assessing $ accurately, their use is avoided by 'dating age 
standards and standard glasses. Standards used in this laboratory are 
zircons from the Fish Canyon Tuff, age 27.9 Ma, in conjunction with NBS 
SRM 612 glasses. 

Age Range 

Fission track dating can been used to date geological materials 
ranging from Palaeozoic to Upper Pleistocene, depending on the uranium 
content of the minerals used. If a high concentration of uranium is 
present the tracks may be too densely distributed to count in older, 
whilst minerals with little uranium, statistical errors in counting the 
few tracks in young minerals become very large. 

Minerals commonly used 

The most commonly used minerals are apatite, zircon and sphene. 
Volcanic glass (glass shards or obsidians) can also be dated, but with 
caution because fission tracks in glass are unstable at room temper­
ature. Correction techniques are possible but are very time consuming 
and unless glass is the only way of obtaining an age estimate, it is 
best avoided. 

Fission tracks in the mineral phases are unstable at higher 
temperatures. For apatite this temperature is of the order of 105°C, 
for zircon current estimates lie between 175 and 240°C, and for sphene 
250°C. This property has allowed fission track dating to be used in 
studies of thermo-tectonic histories. (For this reason there must be jip_ 
heat treatment of any form during the preparation of fission track 
samples). 

PROJECT ORGANISATION 

Rock samples for dating are usually grouped Into small projects 
(usually about 10 samples, maximum 20) for which a reasonable short 
analytical turn-around time can be predicted. However these projects 
can be a single stage In a longer programme where i t is convenient to 
complete and review a f i rst stage before proceeding to the next. 
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Project categories 

A. External Projects 

Where a project is initiated and organised solely by scientists 
outside INS and in particular (a) those in government departments 
outside DSIR, (b) private individuals and commercial organisations 
in New Zealand and (c) all organisations overseas, then age deter­
minations will be charged for at a rate which reflects operating 
material costs, technical/scientific salaries and capital costs. 
For small batches, samples in this category will normally have a 
turn-around time of two months (six months for fission track), 
unless notified to the contrary at time of submission. 

If samples originate in New Zealand territories, and the contributor 
is prepared to allow INS to make the data openly available after two 
years, then a 20% discount on charges will normally apply. 

B. INS-DSIR-University collaborative projects 

Where a project is organised collaboratively between scientists in 
INS and other DSIR divisions or university departments and 
participation in practical research and/or subsequent publication 
1s approximately equal, then charges for age determinations will be 
30% of full charges. However, INS will determine project accept­
ability and priorities, and will require reasonably prompt and 
acceptable publication of results within 2 years of completion. 
After this period age data will be openly accessible. Collaborating 
organisations which can arrange to assist with technical work at INS 
will be given higher priority, where feasible. DSIR and university 
projects should be submitted in category A where a high priority or 
confidentiality is demanded. 

C. INS Research Programmes 

An Important part of the Geochronology programme involves INS's own 
research projects. Where scientists outside INS are asked to con­
tribute to these projects, then charges for age determinations will 
not be made. The research of students working nearly full time at 
INS would normally be considered in this category. 

Project documentation 

Each project 1s briefly described on a Project Details form to aid 
strategic planning and to integrate all projects efficiently Into the 
larger programmes of the geochronology group at INS. The Project 
Details should be as follows (see example 1n F1g. 1) : 
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Figure 7 

INSTITUTE OF NUCLEAR SCIENCES 

Seochronology Project : Project Details Date : 1/3/87 

1. Project Title 
Barry town Granite 

2. Collaborators 
Organisations 

A.J. Tulloch 
N.Z. etiological Survey (Lower Hutt) 

3. Project outline : 

Age of the Barrytown granite. This small pluton intrudes low-grade 
Greenland Group metasediments with a narrow thermal aureole. K-Ar ages of 
Greenland Group slates nearby are old, >400 Ma and unaffected by 
widespread Cretaceous granitoids in the Paparoa Range immediately to the 
north, 'fhe Barrytown granite may therefore be an isolated example of 
earlier plutonic phase of 'Juhuan (Devonian-Carboniferous) granites in the 
Paparoa Range. 

K-Ar mineral ages are required first, possibly followed by Rb-Sr 
whole-roak isoahron dating, to determine the age of granite intrusion 
and any possible later thermal overprint. Tlie ages would also date 
associated tungsten mineralisation in the granite. 

4 . References, maps NZGS 1:250,000 Buller sheet. 



5. Sample List : Summary 

INS 
R.No 

Contr. 
No. 

Sample 
Details 

Location Grid 
Ref 

Canoe Ck S37/8S21S4 

w S37/8S41S3 

Barrytown Br. S37/843133 

Granite Ck S37/844133 

n S37/84S132 

n S37/84S132 

85/221 

85/223 

85/225 

85/226 

85/227 

85/228 

Biotite-granodiorite 

Granodiorite 

Biotite-granodiorite 

6 : Checklist ; 

Revenue/Non-revenue? non-revenue 
A11 sample details forms checked? Yee 
Thin sections available? Jfes 
Rock samples available? ft?a 
Location map for samples available? *«•" NZMSI S37 
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1 . Project Title 

3. Collaborators Full names 

Organisations Formal aff i l iat ion or organisation 

3. Project Outline This should be about 100-200 words long and 
briefly describe : 

1 . The geological basis for the project 
2. The main aim of the dating project 
3. The proposed methods and samples suggested for the project. 

4. References Journal or map publications, thesis or report 
references are essential. A good topographic/ 
geologic map showing location of samples will 
be expected. 

5. Sample List - summary 

This is a brief tabulation of the rocks that will be submitted for 
dating, showing the contributor's sample numbers, sample names, 
locations, map grid references (or Lat/Long). The INS sample 
R-numbers are entered when the project is accepted. 

6. Check-list 

This is for the contributor to be clear that the following inform­
ation is organised : 

1 . Revenue/Non-revenue? Will this project attract income from 
outside the contributor's organisation? I f so, then INS may 
charge that organisation for all analytical services provided. 

2. Are completed sample forms available for all the rocks that you 
propose to submit? No samples are accepted otherwise* 

3. Are petrographic thin-sections available? INS does not have 
thin-section making faci l i t ies and these may be required at the 
earliest stages of project evaluation (before any rock samples 
are sent). 

4. Are all the rock samples definitely available? Hypothetical 
samples s t i l l on the outcrop are not considered! Samples not, 
collected in situ will generally be unacceptable* 
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5. Is a location map prepared? Ideally a xerox copy of a 1:50,000 
or similar scale topographic and/or geological map will be 

. satisfactory, with sample location and field numbers clearly 
Indicated. This should be attached to the project details form. 

When project proposal forms have been completed these should be sent 
to INS (or via a liaison officer) for evaluation. At this stage, 1t Is 
worthwhile to Include location maps, relevant references and petro-
graphic thin sections. 

SAMPLE DOCUMENTATION 

When the technical feasibil i ty, project priority and appropriate 
charging category details have been established, then the rock samples 
can be sent to INS with accompanying sample details forms. The sample 
details forms are laid out 1n a strict pattern and provide the basis for 
data entry on to the main VAX database at INS. Contributors remain 
responsible for the completeness and accuracy of Sample Details forms. 
The data fields required are as follows (see example, Figure 2): 

INS R. No. 

This 1s the accession number for the main INS sample catalogue and 
wil l be entered at INS. I t relates to K-Ar, Rb-Sr and fission-track 
collections, as well as lhC, stable Isotope research samples etc. 
(cf . NZ Geological Survey f-ser1es and p-ser1es numbers). 

Rock Type 

This has about three data fields, only the f i rst being computer-
searchable, separated by semi-colons : 

Field 1 : This must be a rock name (max. 80 characters). This field 
will be searchable for archive purposes and hence a simple 
generic rock name 1s preferred to exotic homonyms. A good 
11st 1s given by Reed (1964) and slightly abbreviated in 
Appendix 2. 

Field 2 : Textural information, e.g. colour, gralnslze, variation 
(phenocrystlc etc . ) , lamination, lineatlon, jointing. 

Field 3 : Mineralogy (br ief ) , using abbreviations where possible 
(see Appendix 1) . Essential minerals f i r s t , phenocrystlc 
species In square [ ] brackets, then minor minerals second 
in round () brackets. 
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Field 4 : Optional information e.g. relationship to other samples in 
project. 

Formation 

Usually two f ields, only the f irst being searchable, separated by 
semi-colons, as follows : 

Field 1 : Formal name where available to describe the rock unit, 
preferably at Formation level (max 80 characters), to be 
used for data search purposes. For New Zealand rocks the 
Strati graphic Index of the Geology of New Zealand (Suggate 
1978) is a very useful start (see Appendix 3) . 

Field 2 : Optional, details relating rock dated to a geological 
context e.g. position in sequence, relationship to other 
rocks. 

Location 

Usually two fields, with the first being searchable, separated by 
semi-colons, as follows : 

Fields 1 : Smallest formally named geographic feature first (see New 
Zealand and Antarctic Gazetteers of Placenames) 
appropriate to the location, e.g. Mt Christina; then 
other appropriate major formal geographic names e.g. 
Darran Mountains, Fiordland. 

Field 2 : Minor details appropriate to precise location (e.g. bluffs 
on west ridge at 750 m altitude). 

Grid Reference 

Three fields, all searchable, of which at least one must be 
completed. 

Field 1 : New Zealand Metric Grid Reference (NZMS260) 
Field 2 : New Zealand Imperial Grid Reference (NZMS1) 
Field 3 : Latitude and Longitude (preferably given as °E/W °N/S with 

decimal parts of a degree. 
In New Zealand, preference will be given to metric grid references 

but all three fields will be computed later and Included in the 
database. Elsewhere, latitude and longitude should be given. 



Figure 2 

INSTITUTE OF NUCLEAR SCIENCES (DSIR) 

Geochronology project : Sample details 

Rock description (mineralogy and texture): Granodiorite; medium aryst, 

dark grey, equigranular; qtz-pl-bi ± kf; dark, slightly finer variant of 

granite about 15 m from contact with Greenland Grou, greywackes. 

Formation Barry town Granite (informal name). 

Barrytown; Hwy 6 bridge over Granite Creek. Location 

Grid ref*: S37/843133 

Contributor's name : A.tl. Tullsinh,, 
Sample no. and Organisation : 85/226 (two separate pieces) NZGS 

Date : 1/3/87 

INS action 

* Grid ref: use NZMS 260 Metric (1:50,000) or NZMSl Imperial (1:63,360) 
or Latitude/longitude. 
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Contributor, Contributor No., Organisation 

Three f i e l d s , a l l searchable (each max 15 characters) separated by 
semi-colons, as follows : 

Field 1 : Contributor's surname and i n i t i a l s , or f u l l i n i t i a l s 
Field 2 : Contributor's sample or f i e l d or laboratory number 
Field 3 : Contributor's a f f i l i a t i o n or organisation as appropriate. 

The main ones are abbreviated : 

AU * Auckland University 
WU = Waikato University 
MU = Massey University 
VUW = Victoria University 
CU - Canterbury University 
OU = Otago University 
NZGS = NZ Geolog ica l Survey 
INS = Inst i tu te of Nuclear Sciences 
GD = Geophysics Division 

Date 

Date that samples were submitted by contributor 

INS Action 

INS use only. Date received and details of rock preparation and 
mineral separation to be attempted. 

Information on sample forms is then transferred to the main INS 
database on the Gracefield VAX computer. This 1s integrated with the 
companion K-Ar and Rb-Sr analytical databases and in a slightly 
reformatted tabular version they will provide the basis for a compre­
hensive catalogue of NZ age data. This may be published separately or 
accessed for data search purposes at a later date. 
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Appendix 1: Suggested abbreviations for common minerals 
act ino l i te act 
a lb i te ab 
amphibole amph 
andesine and 
anorthite an 
apatite ap 
augite aug 
b io t i t e bi 
bytownite by 
ca lc i te cc 
carbonate carb 
clinopyroxene cpx 
ch lor i te chlor 
Cristobal i te cr is 
epidote ep 
feldspar fs 
garnet gnt 
glauconite gi 
hornblende hb 
hypersthene hy 
m i t e i l l i t e 
i lmenite i lm 
Kyanite ky 
labradorite lab 
l i t h i c s l i t h 
magnetite mt 
microcline mn 
monazite mon 
muscovite mu 
oligoclase o l ig 
o l iv ine ol 
orthoclase or 
orthopyroxene opx 
plagioclase Pi 
prehnite preh 
pumpellyite pump 
pyroxene px 
quartz qz 
sanidine san 
ser lc i te ser 
s i l l imanl te s i l l 
sphene ( t i t an i te ) sph 
tremoli te trem 
zeol i te zeol 
zircon zr 
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Append I N 2 : Suggested rock names t f rgw Reed 1364) and p re fUes and 

Volcanic 

Overseterated 

reralkellne 

r h y o l t t e , rhyorfectto, d a c l t t , I gn labr t te , 
punice. oMIdlan, pltchstone, -p/roclutlc. 
-ash. tephra, -tuff, -breccia 

peratkaHne-rnyoltte. -trachyte etc, 
pentellertte, toatAdlte, palagonlte 

Saturated tnteraedtate 
trachyte, crachywideslte. andestte. basaltic 
endeslte. -pyreclestlc, -tuff, -breccia 

Saturated M t l c 

Underseturated 

Spllltlc 

Lanprophyrlc 

basalt, dolertte. tracnyba^att, tholellte. 
ankeraatte, p1cr1te, techy l i te , -pyreclestlc. 
- o f f , -breccU 

basanlte, phonotlte. tlnguolte. awgearlte. 
leecltlte, llnburette, nephellntte, 
-tyreclaittc, - t»ff , -breccia 

splltte, keretoenvre 

laaprophyre, elnette, spessartttt. caaptoolte, 
exmentqutte 

Plutonic 

Over-saturated 

'eralkal l«e-

grantte, alkali granite, adwelllte, 
ennodtortte. aplite, graaopbyrev-pegMtlte, 
-gretsen 

Saturated Intermediate 

syenite, •onientte, dtertte 

Saturated bailc gabbro, norlte, enortnonte 

LndersaUrated nepnellne-syenlte, -ewuontte etc, tberallte, 
tescheelte 

Ultraaajflc perldotlte, dwilte, pyroMnlte, hornblendlte, 
scrpenclntte, klnberllte 

MetatoMtlc grelsen 

Segregations eenollth, nodules, vein 

Contact Ketamrohlc 

Hornfelslc horn'els, pellt lc-, qui 

Calcareous 

quartz-, calc-sllfcate-, bestc-, cordlerile-
anrfalvslte-, s l l l iwnl t t - , corundum-, 
chlorltold-, etc, 

marble, skarn 

Regional Ketamorphlc 

Schistose 

Snelssose etc 

Calcareous 

schist, phylllte, slate, greenstMst, auertio-
feldspitnfc-, qutrti-, mica-, hornblende-, 
(•met-, glaucoptiane-, etc, 

gneiss, mtgmttte, grawltle, eopblbollte, 
eclogfte, clwneckite 

celc-schlst, marble; 

Pynanlc wo t enroll I c 

Cetaclestic- •ylonlte, phyllenlte, cetaclaslte, 
pseudotachyllte 

Sedimentary 

Argillaceous n d t t w i , slltitone, snale, ergt l l l i t , l n » 

Arenaceous sandstone, grit, greywicke, greensend, tuff 

•edeceous conglomrile, breccia 

Siliceous chert, dlltenrttr 

Calcareous limestone, dolomite, travertine 

Ferruginous- Ironstone, mdngantf trout-

Fhosphatlc- phosphorite 

Carbonaceous coai, mod 

'osslt siell 
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Sum* NAM Fralaml Forautlwi 
(ami related rock unit) 
name* trm the Stratlgraiihlc 
imh>< of the Groloqy of KIN 
Zealand (Suggeta 19/«) 

Abbots lord-Hst.* 
Aber}ojle-Zst. 
Advil son-Fun 
An»alw-Sst. 
Abujfeu-Subgroup 
Akeroe-Gp 
Akaroa-volc. 
Atebasfer-Gp 
Albeny-Cgl. 
Albert-ToM>-glac.-adv. 
A1bton-F»» 
Aleaandra-volc. 
AlvM-Gp 
At pine-Assemblage 
'Alplne-focles* 
Alpine-schist 
Altontan-Stege 
Aaberley-ust. 
Ajnokura-Fotft 
Awrt-t.it. 
Anetokt-Fnn 
Anc borage-Granite 
Anglon-Coaiple» 
Angle»-Gp 
Anlte-ultraaarics 
Annear-Sst.-Fon 
Aerengt-»1lne-Fa» 
Aorere-Gp 
Aorere-Serles 
Abtea-Sst. 
Apotu-Gp 
Aremono-Puottce-AI luv. 
Aranulao-stege 
Aratauran-Stage 
Arnold-Series 
Arnott-eolc. 
Aronnenan-Staee 
Artlnir-Harble 
Artlmrtcn-Gp 
Atene-Sst. 
Athenree Fan 
At hoi-Fen 
Athol-floretncs 
Auckland-Basalts 
Auck 1 eM-Doneln-tasan I1€ 
fell ecosphtnctotdes-iene 
Ailcoert-Fwi 
Aroca-glK.-rt*. 
Awakino-lst. 
•maoon-Stage 
w i r u - L l t > 
Anotea-llvjflltv 
AWotere-Gp 
Awetuna-Fom 
Antlca-Fen 
Aalteeltt-Fam 
Awhttu.F*n 
AnMta-Somls 
'Aelal. fades" 
••1 four-Series 
PoMoon-Fan 
Balmoral-Fan 
Balmoral-glee ,-edv. 
Berrler-Fan 
Bast Ion-'Series' 
oetoo-Cgl. 
la ton-Fun 
Baton-Hiver-Cp 
Say-Schist 
•eavaont-Ceol .Pleasures 
BeeMve-fpldtorlte 
leeson's-lslMd-Volc. 
•elapnt-AI tee. 
len-Wau-Fan 
•cndlgo-Fan 
Sendlgonfen-Stige 
•era»rc-Mnton<ttc-Sh*li 
ler l lns.por|>njrrjr 
l lrch-MU-slec.-Wv. 
Itrch-IIIII.Aoralnes 
llrter-Andellte 
Hock-Grit 
IIock-Hl 11 s-Voi canic-Covol e* 
BlactJIerls 
•1ickMter-glec.-**». 
• Int-BOttCVJI-Fvm 
Blint-Hountaln-LSt, 
• lutclirrt-SMt 
ltllff-Ceapl« 
•luSS-Ssl. 
Boetlandlng-lay-Fan 
•ollndten.Stege 
eWtbay-iejalt 
fortonfen-Stege 
lotanlcal-HIII-Mm 
totrmtll-Sonos 
eVwne-Cgl, 
loome-Fan 
ftounty-lt I end-Granite 
Rrertsheir-Fan 
ftrodsnoir-gtifist 
RrMten-Faft 
•revtonlen-Sttge 
•rlghton-ltl . 
treok-Street-Volc 
•rooklyn-piorttd 
lorce-fireeel 
•runner-Beds 
lrunn«r.c«a I -Pleasures 
•riAWfr-Fm" 

Brunsw ick -A I luv . 
Brunswick-Beach-Sediment l 
Brunsuick-OuneseiMi 
Brunswick-Finn 
B»ru«wlck-»el i l> ly-Sand 
Brunswick-Terrace 
Brydone-Terrace 
Brynelra-Gf i 
B u c h t a - h o c h s t e t t e r i - p t t c a t a - z o n e s 
Bucbla.erf.-mtsol lca-ioi<« 
Burnand-Al I uv. 
Bumhem-Fmn 
Burnstde-ttst. 
Burnt-Creek-Fmn 
Burrel I -Fmn-ashes 
Butlers-Sh*ll-Cgl. 
Butt-Fain 
Cab I e-Granod ierl t * 
Caledonian-Fan 
Catlaghan-Zst. 
Ca 11 aghans-Greensand 
Cameron-Granodiort t * 
Ca*p-Cove-Cgl. 
Camp-Hill-Fan 
Cenaen-Granodiorite 
CennlngCon-Gravel 
Caples-Gp 
Cept*in-lclnu;'s-Sh*)leed 
Carter-Zst.-
Cescede-Cgl. 
Castlecllff-Sllellbed 
Castlecllfflen-stage 
Catttematntan-Stage 
Caver sham-Sst. 
Cement-Hi I l-leach-Gr»et 
Centre-lurn-Fan 
Chart eston-Ketame*vhlc-Gp 
Clurterts-Cay-Sst. 
Chathea-Schist 
Chatton-Hartne-r'mn 
Chat ton-Sand-tfember 
Chetton-Sertes 
Chewtooien-stage 
Cnrt stcttureh-Fan 
Clarenc*-Series 
Clarendon-Sand 
Clent-Kltls-Fiwi 
ClifOw-tJt. 
ClifJenlan-Stege 
Cllff-Allue. 
CI inton-Sertes 
Cluder-Fmn 
Ctydf-glac—adv. 
Clyde-Fan 
Clyde-Ploratne 
Cotl-mmurtt .Crctaceeos .ptrge 
Ceel-rel»t-Fan 
Cebb-tntnislves 
Cobden-lst. 
COCktJt-FKO 
CalciHn-Cgl. 
Col I tors-Coal -Meaurot 
Coovloi-Potnt-Fian 
Compln-Co Int-Kbt St 
Conlcal-HIII»-Co»plo» 
Conlcal-Htlls-TOlc. 
Coostont-CnrtSS 
Cookun-«o1c. 
Coral-Bluff-nt. 
Cotsjrrllr-Plwooltto 
Countess-Fun 
Covornam-np 
Co»»rljn-Stago 
Cralywrt-Lsl. 
Croltllles-oelc. 
Cun<rts-Gp 
C«rlo-lar-C' avit-bttls 
Cmlor-plutonlcs 
gannntrkf-Sortot 
Dan$a/-Grarel 
Darron-Dlortto 
0jTI«lllan-Sta5« 
OcMlMiis-Creek-ap 
Doas-CoTt-Cranttc 
nrtoran-Vole.-Fim 
vtt-ftm 
Mfll-«(yer-»olc. 
[>l axorHt-Harboor-ef) 
Donnollj-Cgl* 
Dooftas-Fon 
Pnwl tng-Bay-Lst .-«owbor 
Dtin-Howitafn-ultraiMncs 
Dunoittn-Volcanlc-CiMv'oa 
Dvnot I If-Coal -Mc aswts 
Ouno! I IC-FIHI 
Dunohall-Zlt. 
Dwnrobtn-FHin 
OtiAtroonlin-Slagt 
Po<tr-Fofi 
(bSkjr-Sowid-Strict 
larl-Fnn 
Cast-Coast-Vn'c.Finn 
fajtrrn-Bmh-Terrect 
Cattontin-Stagt 
[cnlnos-Granlti 
Egl tnlon.|)turrs>Ktr<U(i)i]rrt 
tnUnto«.»olc, 
fjotwl-lfrriKe 
11 aliK-Bajr-Optxl-Zom 
(Igont- ls t . 
CIHslfilf-Fan 
EHIt-Fm 
fllls-l)i/«rtill» 
tlsdiw-r«ui 
F,t|b01«-fflHI 
{1i»«o-l«Mr» 

Eikrrald-urav'fl 
Cmstan-Stayis 
fi»/5-Fiwl 
Esk-Fmn 
Ess-Crrofc-Fpw 
Etal tan-'itagc 
Etlntlto-i-Cgl. 
ljrre-i«t-
Fall-Cgl. 
Falso-lstet-Fon 
Fareii«ll-FMfi 
Ftmdalo-Gp 
Frrrjr-Sst. 
Flordland-CoBptox 
Flrsc-ahtlo-eropt tro-slMsc 
rtag-lltll-'Soricl' 
Flagstarr-riiowttU 
Floro-Fow 
FloMOrpot-Lst. 
FtoMors-Fam 
Ford-Zst. 
Fordell.Turr 
Forofharo-Fon 
Foreshere-Gp 
fornt-HIII-ut. 
Foiton-Dunosand 
Franklin-Basalt 
Frankltn-Cgl. 
Frankton-Sub-gp 
Fraser-Fawi 
Garden-Covo-Fmn 
Cardm-Point-Cptdtorito 
Garston-F«n 
Gebhtes-Pass-volc. 
Aljbin-linjrollt* 
Gfdtnntan-Stagt 
Coo-Green sand 
Ceorgotoan-Fm 
Ctraldlne-basalt 
Clsbonlan-stagi 
Gladstonc-FMi 
Clen-Afton-Clajrstont 
Glen-Nassey-Fnn 
Gten-Hassojr-Jst. 
Glenbum-Fo»i 
Glendale-Lst. 
Gl enhaoi-Oorp*i»rjf 
Glenfwpe-fieds 
Glenhooe-Fotn 
Glennte-Foin 
Goat-Fun 
Golrien-Bajr-Gp 
Golden-tajr-Sclilsl 
Goldllgnt-Rst. 
Good-creek-Fain 
Gorr-llgntte-lteasures 
Gore->1 edaaoot-Grevel 
Gore-Series 
Gorge-Cgl. 
GralMO-Portdotlt* 
Graotptoft-Fom 
Graptolltt-Zones.-Grdoflcian.-H.Z. 
Grrat-narlbor-ough-Cjl. 
Groatford-AllHO. 
Grcen-Htlls-F«n 
Green-tsl and-Looso-Sst. 
Creenland-Gp 
Greenland-Series 
Creenstone-»4ll«/-oltra»oflc-»»lc»nlc 
CrcinMood-FRn 
Cret'-Zst. 
Grerttle-Foai 
GreyJIarl 
Gr?o iron-Few 
Croow-Creek-Fowi 
Cut 1 Ford-Grnel 
HMSt-SclltSt-Gp 
Haast-Scblst-Zom 
Ha«st1na-naasHana-Asso«*l*»e-Zo<ie 
nadrirld-Fangloaterite 
Hal les-tnofc-OuarliUf 
Ma»»rl«u)U-F»in 
Kalcoriic-Cgls. 
KMpden-Fan 
llaowhrdKa-Vok. 
Maparangl-MiioIHe 
MapoM-Fan 
Harper-Ill 11 s-»oU. 
Havnurlon-Slag* 
hanplrt-Cgl. 
Haoplrl-Gp 
Haorakl-Clor 
Haotapu-Lst. 
Haotapu-»»lley-Agglooerote 
Hautaw-SnoMbed 
Hautann-SKge 
«a«tairtfi-5«Mtagr 
HaotMon-AMeftte 
nanee-glac.-ade, 
Hawra-irrles 
Kairts-Crag-lreccH 
hatrltl-Fun 
Hetdlond-Cgl. 
Hektpo-zst. 
Henley••roccla 
Merwigl-Serltt 
Herbort-Foai 
lkfret«wigan>St«g< 
Horrlog-Fom 
Meter tao.Stage 
lltlherlnglon-Cgl. 
Hlllon-Ltt, 
XKiatingl-Oo 
lllnahlna-Fon 
Hlnuiro*Fo)n 
n»|tvni-F«i" 

Hi>hiNiu.glac.-adv. 
llokomil.Ass««blago 
Holne-Statlan-CSt. 
Hood-Sands 
Horrke-Dasalts 
Hororata-Fom 
Houhgrt-Fan 
Houhora-keratopnyre 
Houbora-Volc. 
Howd»n<Lst. 
Howlen-sst. 
Huka-Fon 
Huabeldt-Gp 
JmaoV-ltdge-bjon 
Hu-iinrays-cgl. 
'Huniu-Faclos' 
Hur1nl-F«i 
HorlMt-Gp 
Horl-Mt-plant-beds 
Humpi-F«n 
llutcliliisontaii-stage 
HutC-AIIuv. 
Idoc eras-Zone 
Ihvngla-Fon 
Inglowood-Fam 
ingtetRMd-Lanars 
lnia-Gra»el 
Inttlal-EroptWe-rnase 
[ron-Creek-Cnjensand 
Iromood-Fam 
ISl«nd-SSt. 
lH(talit-Gp 
jackson-Head-Lst. 
Jay-Brecctas 
Jay-Coal-Mewsres 
J*y-Fon 
Jenisalea-Ssc. 
Jones-Fan 
raa»a-F«n 
uaM-Sst. 
KooMO-Sbellbod 
Kartaroa-Asn 
Kahifttara-Fom 
Kabul tara-TeF( 
Mt*ta-F«n 
KalaH-Hst. 
UUU-Zst . 
telatan-siage 
Uiatea-l^eKll-Sand 
Kalatta-I I-Boacn-Sedtawnts 
tal a tea-1II -leacD-Std lowits 
Kalatea-Fon 
Ulatct-I-Fsn 
Kalatea-U-Fon 
UFotea-III-Fon 
Ulotea-Terrar.es 
Ulatea-I-Terroce 
lalatea-ll-rerrace 
KaUlra.|ll-Terrace 
tatblkuan-Stage 
Mtlw-Fam 
Ulha-Cp 
Ul.teUGp 
Aat-lol-Zst. 
lolkokapu-Sheli-Grlt 
ralaMaM-GreyMCke 
Ulo«n«o-Scblst 

seoil-schtst 
Ka IMt I ra-***)lce-$«nd 
Xolpo-Zst. 
u*poke-Zst. 
Kaltoke-Gronl 
Kolidiaro-Allve. 
Mlonata-slU 
taka-FM 
Mkono-morble 
Ukoniil -HI neral -Brectl a 
Mkopo-GrMlto 
IOOIOM -Ierrate-Cra»el 
Mm-Ccal-rtees»res 
rondoiiar-Fkui 
Kanler,. Series 
kaponsa-Propyl Itre 
rapllMn-Stoge 
(opnnl.Fan 
toraka-Zst. 
[aroma-tatnoHth 
laroMi-Granlte 
«»raplro-Fo»» 
uroro-Fon 
Kothryn-Faifi 
utlkl-FoM 
tauru-Fixi 
Kpveta-creywck* 
Konnla-Serles 
(rkcrengo-FMi 
rekerlone-frp 
lterlll«r-»oli.-«p 
UteiWl ten-Tuff 
Klngstan-FoHi 
I t nokaka-le I leait ti-Bed 
Ktnonaku-Fom 
mnona»»-Zst. 
MrKlrl-Gp 
II .rl .Ssl. 
m»IHhl-yolc. 
Knapdale-fi-rraee 
knobs-Farpbyrlte 
cohero.-Zsl. 
Kokoow-Grernseml 
kopularoa-IXnitSond 
Kvrangm-Stigt 
lliirolioro-mrtnfGraTil 
toroMtua-llock-Sand 
KessxWe-lene 
Kovralahl-sst. 

http://Awrt-t.it
http://Ulotea-Terrar.es
http://II.rl.Ssl
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Kowai-Gravel 
Koalial-Polnt-Zst. 
Koaara-l-9tac.-a*iV. 
Kuaera-2-glee. - * d » . 
konare-J-glec.-adY. 
Kuaeroa-Fan 
ICnpe-Fan * 
Kurani i l - lst . 
turtwao-Gp 
Koruw-Fan 
Kyebern-lirds 
KjretHfrn-Fan 
tenceftr ld lan-Staye 
Lendguerd-Fan 
Lendguard-Send 
tendon-Series 
Laros-Porphyrlte 
tee-River-Gp 
te l tn .va l l ey -endes l te 

tracnyandesite 
lepperlon-Fan 
Lepperlon-tanars 
Lesl le-F*n 
tethaa-Fan 
lighthouse-Andes H e 
l l l tburn len-Stage 
l i n d l s - 9 l a c . - a d v . 
t i t t l e Ben-Sst. 
• t t t t t - P a r n r a - S I l t 
I t t t l e - T n i n - A r g l l l i t e 
t i t t l e - T e l n-fan 
L l t t l e - T o t o - S p t l l t e 
LI»t»g»tene->olC. 
tocher-Fan 
Locbett-Cgl. 
Log ans-Point-Phenol I n 

lOlSOlS-Asn 
tong-Reef-Breccta 
Long-soend-Faft 
tong-soond-Series 
tongford-FMl 
tengwood-Coaptei 
longnood-lntnuiees 
lookout-Fan 
leokovt-yolc. 
leopltne-Fan 
lower 

Awektno-lst. 
Braitenlan-Stage 
Cast lec l i f f -She l lbed 
Etal ten-Stagt 
K e i . i m - z s t . 
Keaerea-Fnn 
Planeherfkia*Fan 
Manuel I-Fan 
Mekeo-Sst. 
M r i M - z i t . 
on«a-t» 
Otepirlan-Steee 
Paparea-Cp 
Reefton-QwartJlte 
Teaelkan-Staat 
Terede- ist , 
vrvroen-Stage 
N e K a e r e - l s t . 

legg'ete-g lK. - « ! » . 
tnggate-Fan 
lorttelten-Gp 
l y t l e l t o n - V o l e . 
KcDoneld-lst. 
« e t k a / - l « t r i i s l » r s 
rkRaognl-Snel Ibed-Meaeer 
Hcphee-Coye-Cgl. 
Mc Queens -Andest t t 

PJehoemil-Fan 
rUhttnwI-Gp 
Meboenul-Mst. 
Menurengl-lst. 
•laltahf-Fun 
Meltahl- lahers 
Mattel-Op 
P a l t e l - l f t . 
Mekareee-Gp 
PSnereMn-Stegi 
M e k l r l k l r l - T e f f 
Hake-Clay 
Makekako-Send 
Melekeff-Hfl lGpo 
MelakprfM-Stege 
rlenela-WII-Gp 
Mene la -H IH- 'ser les ' 
Beneeevrl-SyJtea 
Mengohee-Series 
N M f M n - f t t . 
Menjekehfa-Gp 
rlene#kol»kii-7st. 
Mangeaeho-Conr.ret lonory.Maabir 
Mengmko-She I Ibrd 
Me«g*»repen-Stae* 
Plangeotant-Kst. 
Mangeotanfen-Stage 
Mengepenl-Shel l - t f l . 
MengepanUn 
Mengapehl-Ssl. 
Mengepl Den-Stage 
fleiMjarvtra-Sit. 
•engirtee-Fan 
Plengetere-rftesores 
Hengeterite-Fwi 
rtongeterata-Stt* 
Pkwgetoro-Fan 
MangeM-Fan 
mmftn-'idttn' 
Mangaweka-Mst. 
Mangles-Fan 

Mangunut-llgntte-BedS 
Heniototo-Series 
Hanuhrrlkla-Fan 
Manuherlkta- 'Series' 
Manuka-Fan 
Manukau-Breccie 
Manurewa-Fwn 
MaorLBot toa-Fan 
Maori-Bot toot-Series 
Maptrl -ran 
H a p l r i - Z s t . 
Harahauan-Substege 
Marakure-Fan 
Mareaerwa-Fan 
Harlboroufh-schlst 
Karokopa-Fan 
Martina- Bey-Fan 
H a r t o n - A l l l » . 
Naruia-FHtn 
Maryvllle-Coal-Heasures 
Meta-Serles 
rSetahlut-Sst. 
Hatakaoe-Volc. 
Matanglnut - ls t . 
Heteroe-Concret lo- iary-nt . 
Hataora-Fal I s-plant-Beds 
Kateura-Gp 
Hataura- 'Ser ies ' 
Metaura-Terrece 
Hateaeteeonga-Fan 
Matenga-Fangleaerate 
Mat t re -Zst . 
Mettr t -FMi 
MauflgareI-Oaett«s 
Mavora-Moratnt 
Maxwell-Fun 
Meauetl-Gp 
Mead- l l t l l -F l in t 
MmnMy-Fan 
Mrrcer -sst . 
Merlon-Terrace 
Middle-naixell-Fain 
Mlrtdle-Maiwihertkta-Fan 
Hlddle-Paparoe-Gp 
» t l o » r n - U s t . 
MtI ford-Fan 
Minden-Rhyelttes 
Htna -Fan 
M i t l M t - U n d s 
Hoana-Fan 
toeatoa-Cgl, 
Moeheu-Fan 
Moenau-'Series' 
Moerakt-Fmn 
Hohakatino-Fan 
HoiukatiiM-Cp 
Pbhakatino-Tuff 
HoUo-Fan 
MOkau-Gp 
Hekoe-Stt. 
Hoklhl-Fan 
Mokoiwl-rtst. 
Mekolwlen-stage 
Mowee-a-tea-Tuff 
Merere-rlst. 
Koryen-Coel-Measuris-a-VolCJ'ics 
Morgen-Fan 
Morley-Coal-Measures 
'Horr lnsi r l l lc -Fectes ' 
Morven-Fan 
Mossburn-Fan 
Mosstoun-Sand 
Motuan-Stage 
Motulul-Onnesand 
Mflunt-Artnur-Gp 
Monnt-Artnur-Ser I es 
Mt-»roon-Fo« 
Ht-Crnel.Fan 
rtowit-Ceael-yolc. 
Hl-Curl-Teptire 
Ml-Herbert-laeas 
Mt-John-Fan 
m-John-g lac , -»d» . 
Mt-Messenger-Fan 
Mt-Messenger-ssl. 
Ml-Mlsery-yolr. . 
Mt-OlyapOT-ploton 
Mt -Pot ts -p lwt -»eds 
ftt-Pr»p*ci-srmlt 
M l - S o H l a r / . f a n 
Mt-Sol I tary-onelss 
m-Soaers-yolc . 
Mnotere-Qrorol 
Mwdray-Orarel 
Koa«p«*«-firteiH«M 
rVtoaroa-Lst . 
Murcnlton-Cr an H a 
rtorlhlko-Svpergraoo 
•aseoy-firnnsand 
N a l h j n - $ s t . - M n * e r 
new-Drlantotl-Cfl . 
Neif-Flyiiowth-Fan 
Hew.Plymouthlanars 
><«all-Fan-ashes 
«t»r.astU.Gp 
Mgahape-vole. 
*9«rlrxr-R»cn-SedlarT>t> 
B'>*rlnO-Fan 
»i |»r lno-Terrice 
• ja ta tura - r lasa l t 
e^atvrlan-slaoe 
Hgatutom-yole . 
nV<tv(or ' l 'CI« /> ia»r 
rtldd-Fan 
Sivhtcaps-Op 
m l e - f w 

Nine-Mlle-Fan 
Korth-Cape-Fan 
Korth-Etal-ep 
Nort^i-Rangt-Gp 
(tortliern-ltalc. 
nukoaaru-BroiNi-sand 
Nukeaaru-Fan 
Hukua'aru-Gp 
Nukuaaru-Lst. 
nukuaaroan-s.s. -and-s. l . . -usa90 
Nufconaruan-Staye 
Rurse-Fon 
Oaaar?i-Diatoaite 
Ocean-Vtow-Fan 
dial-Gp 

coal-aeasores 
Ohakee-Allue. 
Ohakoa-Terrace 
Phauan-stayt 
O i a u t l r a - C g l . 
Ohtka-teds 
Dtilka-Fwi 
Ohineroru-Fan 
Ohtnga l t l -Sud 
Otiul-Asti 
Ohuka-CareooMtoos-Sst. 
Okahu-Fan 
0>arl to-Fa» 
Okeho-Op 
Okehu-snell-Crlt 
Okehu-Zst. 
Okettoan-Stage 
Okehuan-sobstaje 
GklM-Gp 
Old-Nan-aottoM 
Old -Nan-Gwel 
Old-Man-croop 
Olyapos-Granita 
Oaatila-Aodeslti 
Oaapu-snellked 
Dnaro-Fnn 
(kllli-Fan 
Qaotoaoto-Fmn 
Onahsu-Granite 
OnaMe-Plotonxs 
Onekaka-Scni st 
Oneraht -Criaos-Brecc la 
Oierani-Fan 
Onoua-Lst. 
Opahl-Gp 
Opapaka-Ssdt. 
Opottlan-Stage 
Opunake-Fan 
Opunakt-LtaMars 
Opunake-Stadlsl 
O r a h l r i - L s t . 
Oreka-sst. 
Oraoittohao-Aiidisl t i 
Oraoea-Mst. 
0rdo*tc1an.StagM,- *J .Z . - (cr . - *» is i r i 
Orepukl-Terrace 
Orettan-stase 
Onaoncl-Fan 
Ostrea-Bed 
Otayo-schlst-belt 
OtOfO-Vol c . -Coup I e» 
Otanwho-Sliel Ibed 
Otal-Greensand 
Otatan-Staye 
Otal l ianga-guart i l te 
Dtalo-Goroe-Stt . 
Otaki-FM 
Otakl-Oonesand 
Otak l -$s t . 
Oteaa-Ceaptei 
O t a a a - l n t r u s l f i i 
Otaaa-Terrace 
Otaaltan-Stage 
ntanaaom-CMplPA 
Oteplrtan-Stao* 
Otarana-gloc.-adv. 
Otaoa-F*n 
Dtaua-6p 
O t c k a l k l - t s t , 
Oteke-Series 
Otek iira-Fan 
Ottpopo-lireeiisand 
Dt l ra -Glac la l 
Ot Iran-MoraInas 
Otlra«-Sta»e 
Otorohenja-Ltt . 
(Kotoka-Zsl . 
Ototoka-:st . -Too»ll t 
Ott«rson-r«n 
O t o l - Z t t . 
( K o r l - l n l e r p l K l a l 
Otur lan- t laye 
Oose-Fnn 
Oosc-Zst. 
O M k a - ' l w - p l a n t - o e d s 
Oatwl-Fan 
(Milro-Soiigrovp 
O i t m - Z t t . 
Paeroa- l jn laor l te 
Pakaoaano-lgnlaorllf 
Pakaoan-coal-aeasortt 
Pakai«i(/-np 
Paklhltor«-Pu«lc« 
Pakwratanl-Graetl 
P a m a f l e - A m n s i t t 
P a p a i t l - A l l o f . 
Papakalo-Fan 
Papekura- I .n , 
Papaaoa-lgnlaorlt t 
Papdranol-Fum 
Pap*r*n»l-Sp 

Paparangi-Sst. 
Paparoa-BathollU 
Paparoa-Beds 
paparoa-Coal-Keastire-cp 
naparoa-Grjn I c e 
Paparoa-Gp 
Parabf 1 iceras-ionc 
Parjl iakl.yolc.-Cp 
Parapara-Gp 
Parata-Grayel 
Paeroa-serle5 
Pirtii haufiau-SAet Ibed 
Partkawa-Fan 
Paringa-Fan 
Pari tu-TonaIHe 
Parlahakaoho-Slate-Meaber 
Park-lntruslves 
Parne l l -Cr l t 
Patea-Ounesand 
Paterson-Fan 
Paterson-Gp 
Paton-Fxi 
Patrlartfi-Fmn 
Patukt-Volc. 
PatutaJil-Fan 
Pebbly-Mil l-Sra>et 
Peel-Fa* 
Peijasus-FMi 
Pegasos-Gp 
Pelorvs-Gp 
Penguln-BKk-IntrutWes 
Pepln-Gp 
Pepper-Snell-saM 
Petane-'Sei-les' 
Pttone-Marine-Sand 
F l k l k t r * M - S c M s t 
Ptne-Bos i-Fan 
Pinnacle-Sand 
P t o p l o - u r p e r t l n l t o 
P l p l r l k l - S s t . 
Pirlpaoan-Stage 
Pltt-ft> 
Platfo-a-Gnelss 
Pleurc ya-all laforals-Asseaolage-Zone 
Potuit Series 
Pokapu- (Hahwrangl) - 1 s t . 
Pokorore-P/roaenl t g t 
Poaa iaka-Ef taarlnc-eed 
Poecna-Granlte 
PenvHlMkat lk i -Zst . 
Poringan-stage 
Poi i rer l -Fan 
Porirarl-Gp 
P«' rM-AI ! inr . 
Pcrlka-Fan 
Pir ika-Glacla l 
Farlkan-stage 
"ar t -E l l tao t ln -Btd f 
Port-llIlabetn-Mst. 
>erter-«p 
rataka-Poalct 
P»u»kal-Gp 
Pouakal-*olc. 
POal t t r -g lac . -ady, 
Pewnaaif-Fan 
Poouai i - 'Ser ies' 
PoonaMea-Fan 
Praservatian-Fan 
praserya t lon - ln l i t -S t r ies 
Princess-Fan 
Prettoctus-Creek-tp 
Puaroan-stage 
P u r o a n - s t a g e . - ' A ' - a a d - ' I ' 
Puu-Creek-vamw-SI I t 
Pulcekaroro-Oacltts 
PukeklKl-Snell-Sani 
Pokralro-Sst. 
Poteaorl-SMale 
Pukatapu-Fan 
Poketoka-Fan 
Ponakltere-Sst. 
Poponga-Fan 
Papo-Cgl.-fieaoe,-
P»raka»ttl-Fan 
rVr«n«ueit-St«ge 
Poropom-Toff , 
Pi i tahl-anyol lUs 
Potataka- 'Series' 
Putataka-Superiroop 
Putto-Zst . 
P W I - I t t . 
Potlkl-Sbellbed 
Potlklan-SoBstage 
•oysefor- fan 
0»a l> - l» ) * i ( l -«as l» t» 
Ovirtiosr-Brvmier-Caal-Pleasores 
• a g l a n - t t t . 
•a i -Fan 
na l -S»t . 
•akeahoa-Granitt 
eawrH-p to r l lT 
Denrkd- ln t rv i l r r t 
Rea l l ty - t rpye l 
k lnolkors-sst . 
M n g l t a l k l - l d e l a b r t t e 
Din^ltata-Swioencc 
Panfltain>pw<l(( 
Kanj l lo lo- fan 
Hanoilote-Herble 
P a n g l t o t n - y o l c a s n 
Hlpanol-leach-Sedlafnis 
•tpanol-punesald 
•apanwI-Faia 
Hapanol-Llgn'le 
•aaamil>MfPlnt<>ena) 
Bapanvl-TerrKt 
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• a t a - M l o « . 
Rata -T t r r tc t 
Ratanui-FMn 
Rauctny-Mt . 
Raukumara-Str \ ti 
B n i - u i u r r - t u f f 
Rtd-rtgwntaln-UUraniancs 
Rte f ton - l . l t . 
Rt»>ton-mt . 
R tenof l - f luar t j i t t 
Rt ikorangl-GraMl 
Rrmiartnga-Gp 
Rewanul -Coal -Rea jur t j 
Rlccarton-Gravp> 
Richaond-HI It-Porphyry 
R1Mka-Htta»olcanics 
Roaring-Llon-F»n 
Rob«rtion-Bay-Gp-(l(orthfrn-»lct»r1a-
Rotebank-Grattl " • • * ) 
Roslyn-doler i t tc -basal t 
Rois-Glaciat 
Motoroa- ( lyncou*) -Co»vl« 
Rotoroa-Gnelti 
Rotouaro-Coal-KtaturtS 
Routehurn-Fmn 
Ruahtnt-Grtywackt 
Ru«M»LSU.-Hi«*«r 
Ruatanya;a-S»t. 
Ruawaro-Stt. 
Runangan-SUs* 
St-Annt-FiM 
S t - A n n t - C m l « 
St.B*n>ard*-Ftm 
5t -John'«-Al lu». 
Ja lHbgry -T t r rac t 
Sand-Ml l - r»1nt-F«n 
Sand-HMt-Polnt-Gp 
Sandr iy-Crnk-Btaci i -GrMi l 
Sandhi l l j -Crttk-Fon 
Saurlan-ltds-(Sandi) 
Savtooth-GP 
StaFltld-Sand 
Starttv-Fun 
Steond-Ratn.£ruptlvi-Phast 
Stparatlon-Pttnt-Bathol UK 
Stparattgn-Polnt-Granlt t 
Sey*our-F*n 
Shay-Potnt-Gp 
Shakt»ptert-C1tf ' -Sand 
Shake »ptare-Ct 1 f f - h t . 
Shakespeart-Gp 
Shtlly-Btach-Fain 
Shtr»ood-S»"d 
Shoal-Polnt-Fun 
Slbba1ds-F«m 
S1egtn1an-Sta9t 
Sinclair-Finn 
Sk lppt r i -FM 
SxHIe-Fwi 
Snapptr-Pplnt-Cyl. 
S o l » n d t r - l i ! and- tnd» l t t 
Sojthburn-Sand 
Southern-vole. 
S o u t h e r n - t - P m - l l t a n d - V o l c . 
Southland-Series 
SptargraM-Fmn 
Spl I t - R K k - F m 
Sprlnguon-fam 
S q u l r t s - G r t t n i u d 
Star.Fun 
Star&orough-Fmn 
Sttpntni-Fian 
scicci-riirr-pnndMr 
Stokt-Alltn>. 
Stratford-Fen 
Strat ford-Stadlal 
Soyer-Loaf-And«»Itt 
Su lphur -mi . 
'Sulphur-SanoV 
S u m l t - l s t . 
Swi!t -F*n 
Swale-Zit. 
Snvttwater-Fnn 
l a h e k e - l a u l t t 
Tethape-Hst, 
Ta lhept -S i t . 
l a lmi l -She l l ted 
T e l l e f - S s t . 
T a t t a l - S t r t t s 
Takaka-Str i t i 
Takapu-Beds 
Ttkapu-Collunlun 
rekepv- fnt t r t tad la l 
fakapu-Stadlt l 
Taketabf-Cgl.-Heiwer 
Tmtah l -F iw i 
Tekettke-Grlt 
Takltumi-Gp 
Tangahot-Fino 
Tanglhua-Volc. 
TnngowaMnf-Fam 
Ttpare-Fain 
Tipvwetroa-Fnn 
t t p w a e r t a - ' S t r l t V 
Tarekoht-Htt . 
Teranakl -Str l ts 
laranrt-Gp 
Tar«tii.r.oal-Mte»ori» 
Tarelti-Fmn 
Tartngattirt-Gp 
ftsdinan-Fam 
T a m n . | n t r e l l r t > 
Tttpo-Puailct 
T<i ipp-(Pwlet)-Dvfi( i tnd 
Tavr«iij«-r>p 
fa»artkl - r1»t . 

7e-nkatea-z>c. 
Te-anau-Group,-Supergroup,-or-Systei 
Tt-Aute-Fain 
T e - A u t e - L U . 
T>kapo-Fn» 
Tekapo-glac.-adv. 
Te-koola-lyntinbrlte 
Tt-C<IIU-Finn 
f» -Kut t l -6p 
t - - K u i t 1 - L » t . 
IMrordlan-Stage 
t o - U n t - L i t . 
Te-Pake-Stt . 
T*-ll ana-Shell bed 
Teranyi - tn tcry lac la l 
Terantjtan-Stage 
Teredo-L i t . 
Te-Rtiou-Sand 
Teurfan-SUge 
Te-Haewae-Terrace 
Te-Uhaltt-lgnlmorlte 
Te-Htianya-Llt. 
Tewkesbury-Fwt 
Tho«a«-f»n 
Thompson-Fain 
Thurso-Fnn 
Thurso-Gnttss 
T iatru-Basal t 
Ttnl -Loes* 
T lor tor t -Gp 
T l -Po ln t -Oasa l t l 
T I U r o a - l . l t . 
T U I t t r * - F « n 
TI«a1-point-Fan 
Tlwel-PofntGp 
Tskatea-HIH-Fnn ' 
Toka tea -K I I I - 'Se r te t ' 
Tokonarl r I ro-Deds 
Tokowarit-Fflui 
To»s-Cgl. 
Tonyaporutu-Fmn 
Tongapomtuen-Stagt 
Toprer-Fian 
Tophoute-Fain 
Torea-Breccla 
Tories se-greywacke 
Toritsse-Sopergroup 
Torlesse-Zone 
T o t a r a - i s t . 
Tramway-Finn 
Tranway-Sst. 
TrechMann-Concrctlonary-Zst. 
Trentham>Gra>e) 
Tuaptka-Gp 
Tuatapere-Terrace 
TuCker-cevt-Lst. 
Tucks-Bay-Fun 
Tuna-Sand 
ruhanalkt-Fan 
Tuhua-Fmfl 
Tuhua-granttes 
Tuhua-tnirusive-Gp 
Tunnel-Burn-Lst. 
TopQM-Fnm 
Tupuangf-Sst. 
Tuttaoe-Finn 
Tutu1rt-6reensand 
Upokonul-Saitd 
Upper 

nwaktno-lst . 
Braxtonlan-stage 
C t s t l e c H f f - S h t l l b t d 
Cora l -B fu f f - l sC . 
Eta l len-Stagt 
K e M w I - Z s t . 
Kumeroa-Fmn 
KeiweU-Fmn 
Mokau-Slt. 
Okthu-Z l t . 
Okl*a-GP 
Otaplr lan-Stagt 
Paparoa-Gp 
R n f t o n - Q » a r i / t t t 
TeiMlkan-Staga 
Teredo-Lot. 
Druroan-Stayt 
West * t r t -Z$ t . 

Upton-Finn 
Ura»f t ik l -htasvre> 
Urtnul-F»h 
Ur tnu l -Zs t . 
Urtotra-Grtyxacki 
Urwoan-stage 
Urutatfan-Stagt 
U t l k u - S i t . 
V(«»-H1 I I -Basa l t 
Vlrgln-Flat -Fi tn 
HaUrtka-Volc -Fam 
Ualauan-Stagt 
Walautoa-Fmn 
M«lhao-Fnn 
H«lhar«ki!kt-Cgl> 
Halheke-Gp 
Kaihtrt-uay-Gp 
Haini-i)eaeh.F«n 
Wal l t lan-Stagt 
via1kaka-Quartt>Grafil> 
Halkaka-Serlet 
Malkaraka-Ztt . 
» a l k a r t - Z » t . 
Malkarl-F»n 
UHlkartpl -LSt . 
Halktto-co»l-Fl taiurt> 
Halkavau-sst. 
KslkPr>l«-Tiiffac«ou>-S»t. 
K a l k o r n - Z H . 

t ialkuku-Ltt . 
klalkutakuta-Zat. 
UalMhaka-Lst . 
Walaahot-Lignltt 
Ual«awnifa-Glac. 
Wat«auny«n-Stagt 
WalMta-F«n 
UalMta-Glac. 
Uai*t«n-St<i)« 
H a l a l h i a - l a p l l l l 
UalMuaw-Tcrract-Gravtt 
Ualngaro-ScMit 
U l lnu l -OMt r t i -D to r l t t 
Ualohlnt-Gravtl 
Watomls-Gp 
Matoata-Shtl lard 
WatiMo-Hst. 
Wafonettt-Fam 
Ualouru-Sst. 
Walpahl -Albt t t -Granl t t 
Walpahi-Cp 
Ua lpaoa- 'S t r i ts ' 
Uafpapa-Gp 
Walpapa-L>t. 
Halpara-Grttnsand 
Ualpa>a-B1ack-Slwli 
WalpaMn-Stagt 
Malp ia ta -Vt lc . - ran 
Ualplpt-Fan 
Kalplplan-Stagt 
Ualpiplai-Substagt 
Walpoua-Basalt 
Halpoua-Gravel 
Hatpuna-Bay-Fnn 
Ualpuna-Dtlta-Cgl* 
Halpuna-Sst. 
Walporu-Shtllatd 
Ha l rakau-Aml t t tu t 
Halrakl -Brtccla 
Watrakl-Fnn 
Watrati-Cgl. 
Nalr lo-Coal-Ktasurts 
UalriHia-Ptak-Btdt 
«alnma-p»ak-Gp 
Haltaklan-Jtagt 
Mattapu-Sht l l -Cgl . 
Wattara-Burtd-Fort i t 
Waltara-FaM 
H a l t a r a - I n t t r s t a d l a l 
Wattartrt-Dunttand 
Ha l ta t l -Phono l l t t 
HattaaheU-Dactt t 
H a t t t a r t k f - l g n l a b r l t t 
Waftenata-Fflth 
Mat tenata-Gp 
UaUts-Fnn 
Na i t t tuna-Lst . 
WaUomo-Sit. 
Ualtotara-Fsn 
Haltotaran-Stagt 
Haltuna-Cgl. 
Halua-Fmn 
Ualuta-grtynackti 
Hatuta-Gp 
Halxheran-Stage 
Wal i ih t r t - in t t rg l tc ta t 
Wakatpa-Finn 
uakaauraaia-Schlst 
Hakarara-Grtytuckt 
U a t k t r - q u a r t l l t t 
Hanyaloa-Fmn 
Uangatoan-Stai}t 
Wanganul-Strlts 
Nangaptka-Fnin 
Hansttad-Fian 
Hard-Finn 
Xard«r-CoaI-fttasurts 
Harepan-Sla>jt 
Havtrley-Fatn 
Hebb-Fnn 
Hebtr-F*n 
Htddtrburn-F*n 
Htetwood-Turr 
Htka-Pasi-Stont 
Helshman-$*r1ts 
Htsney-Zst. 
Htjthaven-Fiwi 
H ts tmt r t -ZJ t . 
«tt-Jacket-F«in 
H t t - Jack t t -gn t l i > 
Htthtr-Fun 
Hha1ngaroa-lst. 
Hhalngaroan-Stagt 
Hhakanuru-Ignlmbrltt 
tthanj«nu-Val l e y - F i l l 
'Uhangat -Arg l lH t t ' 
Hhangal-Fain 
Hhangal-Ztt . 
Hhanyakea-Volc, 
Hnangap«-S*t. 
Hhangarel-Lat. 
Hhararlkl-Finfi 
Hharetanu-Htasvrta 
Hharft-Fmn 
Hharf t -S»t . 
Mhatarangl-Fmn 
Khacanhata-Stt. 
Hhau-Fmn 
Nhertuakura-Gp 
Wiemijtaru-TuFF 
Hhl t t -Rock-coa l -Nta lur i i 
Hhlttntn-GrMtl 
Hhltlaitga-Gp 
H M k l t l - S h t l l b t d 
H l t t o n . s u . 
Hlndxhli t l t -Fmn 

H ln t t rhs lw-Fan 
Hlntertoa-FKn 
Ulaton-fatn 
Ualds-FMi 
Hoodtd-Ptak-Ltt. 
UovdUndl-FiMi 
Hoodstock-glac.-adv. 
Hootflttd.Fwi 
Yapttnlan-Stagt 
Zon»s (-LoH*r-quatvrnary-aiol lusctn 
ZoBCt-(palynologlcal): 

OatrydHwa^tts 
Podocarp id t t t s -c f . - t t l l p t l cus 
Pedocarp ld l t t i -aani ick i l 
P ro t tac ldHts -pa l tsadus 
Trfcotpttta-pachytatnys 

http://Rtefton-l.lt
http://TIUroa-l.lt
http://Hltton.su

