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ABSTRACT

A brief outline is given of the theory and techniques of the
potassium-argon, rubidium-strontium and fission-track dating methods and
related isotope studies which are currently in use at the Institute of
Nuclear Sciences, DSIR. Some limitations 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.

The organisation of project proposals and categories is described
and procedures for sample submission and documentation are given.
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INTRODUCTION

Potassium-argon (K-Ar), rubidium-strontium (Rb-Sr) and fission track
dating, developed at the Institute of Nuclear Sciences, are the most
versatile methods for geochronological 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 it
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 87Sr/86Sr ratios in
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 238U, is
most suitable for Mesozoic-Cenozoic sequences. It 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, it can be an important tool in thermo-tectonic
studies (burial histories etc.).

THEORY AND TECHNIQUES

The K-Ar method

This dating technique relies on the weak natural radioactivity of
the rarest isotope of potassium, “9K, (*OK/K = 0,01167%), which decays
by B-decay (decay constant Ag = 4,962 x 10-10yp-1) to “0Ca and by
electron capture, positron emission and several y-rays (decay constant
Ae = 0,581 x 10-10yp-1) to “0Ar, The branching ratio A¢/Ag of this
dual decay is 0.717 i.e. 10.5% of decays is to “9Ar. The half-life of
the “OK is 1.25 x 10%rs.,

The “%K- “0Ca decay branch is rarely used in geochronology because
of technical difficulties with calcium mass spectrometry and the
measurement of small amounts of radfogenic “%Ca in the presence of large
quantities of initial “0Ca (i.e. present in the rock when formed), which
is the commonest {isotope (97%) of calcium, ftself an abundant rock
forming element.

In contrast, argon is a very rare constituent of rocks and because
of its gaseous, inert character, even tiny quantities of “OAr (10-10%)
are readily measured by modern mass spectrometric methods. However,
argon is an important constituent (0.934%) in air and “%Ar is by far the
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most abundant argon isotope (*OAr = 99.60%, 38Ar = 0.06%, 36Ar = 0.34%);
thus atmospheric argon contamination of rocks and minerals (both during
geolegical time and during laboratory analysis) is potentially a very
serious problem. This is especially so in the case of young rocks,
where the quantities of “9Ar (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 “0Ar/36Ar =
295.5 and hence 3°Ar contents can be used to discriminate between
radiogenic and non-radiogenic “OAr. Since the 35Ar 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 artifically
enriched rare isotope of argon, 38Ar, (the 'spike') as a tiny aliquot
(0.4 x 10%1) from a precision gas pipette, to tne argon (radiogenic +
atmospheric) extracted from a rock by melting fn vacuo with an RF
induction heater. The argon isotopes are separated from contaminant
gases by a molecular sieve to remove polar molecules (H,0, C0,, etc) and
hot titanium to remove chemically active gases. (0, N, SOy, NO,, C1, F,
H, CO, CH,, etc). Purified argon is then measured on a small automated
mass spectrometer as 3®Ar (mainly atmospheric) 38Ar (spike) “OAr (mainly
radiogenic + atmospheric).

Potassium is analysed by a flame spectrophotometric method by
comparison with pure potassium hydrogen phthalate standards. Potassium
is extracted from rocks by. HF/HNO; digestion in stainless steel/PTFE
pressure vessels and catfon exchange separation in acid media (HNO;) on
analytical grade Dowex-type {on exchange resins.

Choices of minerals for dating

The choice of rock or minerals for K-Ar dating is influenced by two
important assumptions relevant to the method 1) no argon (“%Ar) is
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 (f.e. no gain or loss of Ar or K). The lattice structure of
some framework silicates has a bearing on the first assumption and the
diffusfon characteristics of argon and structural location of K in
minerals have a bearing on the second.



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 “OAr 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 (X 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 is 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 1less than 0.2%,

1imit their usefulness for dating, despite high argon retentivities.

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, cordierite and

some feldspathoids, these minerals can absorb 'excess' argon (with

other gases) i.e., that not produced by in situ decay of “OK and
measured ages are therefore usually far too old and quite spurious.

Feldspars

Orthoclase, anorthoclase, microcline and adularia may have very
favourable potassium contents (8-10%) but their argon retentivity is
poor and the diffusion mechanfsm complex (K may be held in two
different energy sites in the feldspar lattice). Such feldspar ages
are thus frequently younger than anticipated and demonstrate the
vase with which relatively minor and mild geological events subse-
quent to rock formation can cause sfgnificant argon loss.
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Amongst the feldspars, sanidine is an important exception and high
temperature (volcanic) sanidine is an excellent geochronometer.
Because of its high K-content (up to 10%) and argon retentivity, it
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 mineralogical changes during sedimentary rock formation and
each involves partial K Toss/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 is 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 is relfable if they
contain favourabl: potassic minerals and are very fresh., It is
frequently the case that whole-rock dating has to be attempted on
rocks too fine for mineral separation, for example aphyric volcanic
rocks. Although often fresh, such rocks may have an unrelfable
component, the interstitial volcanic gilass, that is quite potassic
and which may have altered, devitrified or dehydrated with time and
consequently lost significant amounts of radiogenic argon.

Influence of rock texture

Diffusive argon loss in 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. It fis
therefore advisable t» collect representative samples for dating at the
coarsest possible grain size - thin section examination and mineral
separatfon are then 231so much easfer. 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 Wt.(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 firstly 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, biotite, sanidine
(volcanic) or hornblende. Where possible it 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 87Sr by
g-decay (A, = 1.42 x 10-llyp-1) with a half-l1ife of 4.8 x 100 yrs,
The age defBrmination requires the measurement of 87Rb and 87Sr (radio-
genic) quantities in the rocks on the assumption that they have remained
closed system, with respect to both since the time of crystallisatfion.
For technical reasons it is easier to refer both to a common denom-
inator, ©6Sr, so that the quantities become ratios i.e. 87Rb/85Sr,
obtained from the Rb/Sr ratio measured for example by XRF spectrometry,
and 87Sr/85Sp which is simply determined by solid-source mass spectro-
metry. However, unlike the K-Ar method, where an assumption that no
radiogenic isotope, “%Ar, is present in rocks at the time of formation,
this is not true of 87Se, which is present in all strontium associated
with the common rock-forming element calcium. It is therefore necessary
to make assumptfons about the initial 87Sr/86Sp ratio in a rock, or
measure this from a Rb-free phase present (such as playioclase) or to
calculate it independentiy from several samples of the same rock unit
which are demonstrably of the same age (i.e. t s constant) and origin
[(87Sr/86Sr), 1s constant] but which have slightly different Rb and Sr
contents (fi.e. variable Rb/Sr ratio). Results are graphically displayed
using a Rb-Sr isochron diagram (47Rb/8€Sp v 87Sr/88Sp) from which a
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Vinear array (isochron) has a slope proportional to the rock age and a
875p/86Sr intercept equal to the initial Sr isotopic composition.

Rb-Sr dating of minerals follows the same general principles and
restrictions as for K-Ar dating but it 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) 1large, 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 initial Sr ratio. These criteria are
usually met with igneous rocks and more rarely for higher grade
metamorphic rocks (upper greenschist facies and above). The mechanisms
that produce initial strontium isotopic homogenisation for sediment-
ation/diagenetic and burial metamorphic processes are uncertain and
fsochron ages are therefore far less predictable and convincing.

Strontium fsotopic studies in petrogenesis

The isotopic composition of strontium changes continuously because
of the decay of 87Rb to 87Sr 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 87Sp/8%Se
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 recombine them to form new ones
which then inherit strontium distinctive of earlier generations.
Initial 87Sr/80Sp 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 geochemical history. Other isotopic ratios involving
radiogenic isotopes such, as 1“3Nd/1“%Nd, 206pp/204pp, 207ph/204py apnd
208pp294py are frequently used in conjunction with or in addition to
875r/86Sr measurements.

As for other geochronological studies, rock samples should be *resh
and large enough to be homogeneous and representative. To determine the
Sr isotopic composition of an fgneous rock suite fully, it is 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 88Sr (82.5%) ¥8Sr (9.9%)
875p (7.0%) and ®“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 8“Sr and 87Rb spikes may be used.
Mass spectrometric analysis of the 87Sr/88Sr 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/HNO; in
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 outgassed and etched single
tantalum mass spectrometer filaments.

Fission-track dating

This technique is based on the spontaneous fission of 238y, The
fission products recoil in oppesite directions, disrupting the electron
balance of the atoms in the mineral lattice along their path to form
damage trails within the crystals. Treatment with suitable etcrants
enlarges the trails 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 235U,

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

Age = Lo (1+ géﬁ?ﬁff) years
AD AFP4
where pg = fossil track density from 238U fission
pj = neutron induced track density from 235U fission
Ap = total decay constant for 238y
= 1,551 x 10-10y-!
¢ = neutron fluence
¢ = cross section for thermal neutron induced fission of 235U
= 580 x 1024 cme
I = atomic ratio 235U/238y

7.252 x 10-3

AF = decay constant for spontaneous fission of U
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Because of the variability in values determined for ). 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 no
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 it is convenient to
complete and review a first 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
is approximately equal, then charges for age determipations 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 accessibie. Collaborating
organisations which can arrange to assist with technical work at INS
will be given higher priority, where feasible. DSIR and university
profects 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 is 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 in Fig, 1) :



INSTITUTE OF NUCLEAR SCIENCES.

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

1.

Project Title :
Barrytown Granite

2.

Collaborators : A.Jd. Tulloch
Organisations : N.Z. Geological Survey (Lower Hutt)

4,

Project outline :

Age of the Barrytown granite.  This smull pluton intrudes low-grade
Greenland Group metasediments with a narr~w thermal aureole. K-Ar ajes of
Greenland Group slates nearby are old, 3400 Ma and unaffected by
widespread Cretaceous granitoids in the Paparoa Range immediately to the
north. The Barrytown granite may therefore be an igolated example of
earlier plutonic phase of Tuhuan (Devonian-Carboniferous) granites in the
Paparva Range.

K-Ar mineral ages are required first, possibly followed by Rb-Sr
whole-rock isochron dating, to determine the age of granite intrusion
and any possible later thermal overprint. The ages would aleo date

associated tungsten mineralisation in the granite.

References, maps NZGS 1:250,000 Buller sheet.
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5. Sample List : Summary

Contr. Sample Location Grid.
R.No No. Details Ref.

1 85/221 Biotite-granodiorite Canoe Ck 537/852154

85/223 " " " 537/854153

85/225 Granodiorite Barrytowm Br. S37/843133

85/226 " Granite Ck 537/844133

85/227 Biotite-granodiorite " 537/845132

85/228 " " " 537/845132

Checklist :

Revenue/Non-revenue? Non-revenue
A1l sample details forms checked?
Thin sections avajlable?

Rock samples available?

Location map for samples available?

Yes
Yes
Yes
Yes NZMS1 S37
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1. Project Title

2. Collaborators Full names

Organisations Formal affiliation 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 1s for the contributor to be clear that the following inform-
atfon is organised :

1. Revenue/Non-revenue? Will this project attract income from
outside the contributor's organisation? If 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 facilities and these may be required at the
earliest stages of project evaluation (befure any rock samples
are sent).

4, Are all the rock samples definitely available? Hypothetical
samples sti1l 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, it is
worthwhile to include location maps, relevant references and petro-
graphic thin sections.

SAMPLE DOCUMENTATION

When the technical feasibility, 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
detafls forms are laid out in 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 is the accession number for the main INS sample catalogue and
will be entered at INS. It relates to K-Ar, Rb-S5r and fission-track
collections, as well as 1"C, stable isotope research samples etc.
(cf. NZ Geological Survey f-series and p-series numbers).

Rock Type

This has about three data fields, only the first 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 is preferred to exotic homonyms. A good
1ist is given by Reed (1964) and slightly abbreviated in
Appendix 2.

Field 2 : Textural f{nformation, e.g. colour, grainsize, variation
(phenocrystic etc.), lamination, lineation, jointing.

Field 3 : Mineralogy (brief), using abbreviatfons where possiblie
(see Appendix 1). Essential minerals first, phenocrystic
species 1n 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 fields, only the first 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
Stratigraphic 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 1location, 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, latftude and longitude should be given.



Figure 2
INSTITUTE OF NUCLEAR SCIENCES (DSIR)

Geochronology project : Sample details R

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

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

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

Formation : Barrytown Granite (informal name).

Location : Barrytoum; Hwy 6 bridge over Granite Creek.

Grid ref*: 537/843133

Contributor's name : 2T Tullank

Sample no. and Organisation : 85/226 (two separate pieces) NIGS

Date : 1/3/87

INS action :

*  Grid ref: use NIMS 260 Metric (1:50,000) or NZMS1 Imperial (1:63,360)
or Latitude/longitude.
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Contributor, Contributor No., Organisation

Three fields, all searchable (each max 15 characters) separated by
semi-colons, as follows :

Field 1 : Contributor's surname and 1initials, or full initials
Field 2 : Contributor's sample or field or laboratory number
Field 3 : Contributor's affiliation or organisation as appropriate.

The main ones are abbreviated :
AU Auckland University

WU Waikato University
MU = Massey University

VUW = Victoria University

CU = Canterbury University

Ot = Otago University

NZGS = NZ Geological Survey

INS = Institute 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 1is then transferred to the main INS
database on the Gracefield VAX computer. This is 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

actinolite
albite
amphibole
andesine
anorthite
apatite
augite
biotite
bytownite
calcite
carbonate
clinopyroxene
chlorite
cristobalite
epidote
feldspar
garnet
glauconite
hornblende
hypersthene
illite
ilmenite
Kyanite
labradorite
1ithics
magnetite
microcline
monazite
muscovite
oligoclase
olivine
orthoclase
orthopyroxene
plagioclase
prehnite
pumpellyite
pyroxene
quartz
sanidine
sericite
sillimanite
sphene (titanite)
tremolite
zeolite
zircon

act
ab
amph
and
an
ap
aug
bi
by
cc
carb
cpx
chlor
cris
ep
fs
gnt
gl
hb

opX

preh
pump
px
qz
san
ser
sill
sph
trem
Zeol
rdy
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Appendix 2 : Susqested rock nases {from Reed 1964) and prefises and
suf?!

i}

Yolcanic

Oversaturated

Peralhaline

rhyolite, rhyodacite, dacite, ignimbrite,

pumice, ohsidlan, pitchstone, -pyreciastic,

-ash, tephra, -teff, -breccla

peralkaiine-rhyolite, <trachyte etc,
pantelierite, comendite, paiagonite

Saturated intermediate

trachyte, triachyandesite, ondesite, Dasaitic

andesite, -pyrsciastic, -tuff, -breccia

Saturated basic basalt, delerite, trachyba.ait, tholeifte,

ankarsmite, picrite, tachylitte, -pyrociastic,

“tuff, -brecciy

Undersaturated basanite, phonolite, tinguaite, mugesrite,

Spilitic

Lasprophyric

Plutenic

Ovarsaturated

Peralkaline-

Teucitite, lisburgite, nephelinite,
-pyroclastic, -teff, -breccia

spilite, keratophyre

lasprophyre, ainette, spessartite, camptonite,

sonchiquite

granite, alkal! granite, l‘ml"ﬁ.

" granodiorite, aplite, gramophyre,”-pegmatite,

-greisen

Saturated intermediate

syenite, monzonite, diorite

Ssturated basic gabbro, norite, snorthosite

Undersaturated nepheline-syenite, -monzonite etc, theralite,
teschenite

Vitramafic peridotite, dusite, pyroxenite, hornblendite,
serpentinite, kisberiite

Ratasomatic greisen

Segregations xenolith, noduies, vein

Eontact Metamorphic

Hornfelsic

Calcoreovs

hornfels, pelitic-, quartzofeldspathic-,

quartz-, calc-silfcate~, basic-, cordierite-,

andaiusite-, sitifminite-, corundum-,
chioritoid=, otc,

marbie, skarn

Regional Metamorphic

Schistose schist, phylliite, slate, greenschist, gquartio-
feldspathic-, qartz-, mics-, hornblende~,
garnat~, glsucophanes, atc,

Gneissose et greiss, migmatite, gramilite, smphidelile,
eclogite, charnockite

Colcareovs calc-schist, mrdie

Bynemic metemorphic *

Cotaclastic. mylonite, phyVlenite, cateciasite,

psevdotachyiite
Segimntory

Arglllaceous sudstone, siitstone, shale, argiiidte, loess

Arensceous sindstone, grit, greywacke, greensend, toff

Rudeceous congiomerate, dreccie

5 icoous chart, diatomite

Cotcareovs Timstone, dolonite, travertine

Ferrvginouse fronstone, menganiferovs~

Phosphatice phosphorite

Carbonsceows €oe}, wood

Fossil (31 1))



Appendia 3:

Some Now 7ealam) Forwatl ion
{andt related rock untt)
names frem the Stratigraphic
index of the Grology of hew
Zealand (Suggate 1978)

Abbotstord-Mst,”
Aberfoyle-Ist,
Add i son.Fan
Awsahu-3st.
PuaSubyroup

Akaros-Gp
Akaroa-volc.
Alabaster-Gp
Albeny-Cgl.
Aldert-Tom-glac.-ady,
Albjon-Fmn
Alexandra-yoic,

Alwma-Gp

Al pine-Assemblaye
*Alpine-facissy’
Alpine-schist
Altonian-Stage
Asberiey-Lst.
Maokura-Fan

ri-tst,

Anatoki-Fmn
Anchorage-Granite
Anglen-Complex

Mg lem-
Anita-Ultramatics
Annear-Sst.-fan
Aorangi-Bine-Fan
Aorere-Gp

Aorere-Series
Aotea-Sst.

Apotu-Gp

Ar anoha-pusice-Al Tuy,
Aranuian-Stage
Aratauren-Stage
Arnold-Series
Arpott-yolc.
Arowhanan-Stage
Arthur-Marble
Arthurtcn-Gp
Atene-Sst.

Athenres Fan

Athol-fFan
Athol-Moratnes
Auckland-Basaits
Aucklens-pomsin-2asanite
Ml acosphinctotdes.2one
Aviemore-Fan
Avoca-glac.-adv,
Mmaking-L5t.
Awamoin-Stage
Amarud-Lst.
AMvstes-Lignite
Aedtere-Gp

Matuna-Fan

Avhea-Fan

Awheaiti-Fan
ot i tusFmn

forhv i Cu=Sands
‘Axtal.facies’

sl four.Series
dal)oon-Fmn
Oaimoral-Fmn
patmoral-glac,-adv,
Barrier-Fan
Bastion.'series’
Baton-Cgl,

daton-Fan
Baton-River-Gp
Bay-Schist
Beamont-Cosl -Measures
ferhive-Epidiorite
Beeson’s-Jslond-volc,
Seimont-Al luy,
ben-Ohau-Fmn
Sendiya-Fan
fendigonisn-Stage
Bermore-Bentonitic-Shale
Ser) ins-porphyry
Birch-Hiti-glac, a0y,
Birchelii11-Noraines
Biriey-Andesite
Black-Grit
Wlack-Hills-Voicanic-Comiex
black-Marls
8lackwater-glac.oadv,
Diue-Bottom-Fam
Blue-Hountainaist,
Blueciiffs.Siit
Bluff-Complen
Bluss-S¢t,
Bostianding-Bay-Fmn

B0t indian.Stage
Bombay-Basait
Sortonisn-Stage
Botanicel-Hill.Aan
Bothwel|-Sands
Bourne-Cgl.

Sourne-Fmn
Sounty-is)and-Granite
Bradshow.fmn
bradshew-gneiss
Braston.Fan
SrastonianaStage
Brighton.Lst.
Wrook-Street-Yolc,
Brookiyn-giorite
Bruce-Grave!
Srunner-Beds
Srunner.Coal-Ressures
Brumnarfmn

Brunswick-Allur.
Brunswick-Beach-Sediments
Brunswick-Dunesand
Brunswick-Fn
D¥runswick-pPebbly.Sand
Brunswick-Terrace
Brydone-Terrace
Brynelra-Gp

Buchia-hochstetteri-plicata-zones

Buchia.at?.-saisol Ica-zone
Burnand-Alluv.
Burnhem-fmn
Burnside-Mst.
BSurnt-Creek-Fmn
Burrell.fmn.ashes
Butlers-Shell-Cyl.
Butt-Fmn
Cadle-Granodiarite
Cajedonian-Fmn
Callaghan.Zst.
Callaghans-Greensand
Cameron-Granodiorite
Camp-Cove-Col,
Camp-iili-Fmn
Canaan-Granodfvrite
Connington-Gravel
Caples-Gp
Captainking's-Shel lopd
Carter-Ist ..mesber
Cascade-Cgl.
Castlecliff.Shellbed
Castiecliffian-Stage
Castiemainian-Stage
Caversham-Sst,
Cement.-Hi|l-BeachGravel
Centre-Burn-Fan
Charleston-Metamor hic-Gp
Charterts-Cay-Sst.
Chatham.Schist
Chatton-Marine-rmn
Chat ton-Sand-Member
Chatton-Series
Chewtonisn-Stage
christeiurcheFmn
Clarence-Series
Clarenden-Sand
Clent-Hills-Fmn
Clifdan-tst.
Clifsenian-Stage
Ciiff-Aluy,
C)inton-Series
Cluden-Fan
Clyde-glac.-adv,
Clyde-Fun
Clyde-Roraine

Coal-measures ,Cretaceous ,Otogo

Codl-Point-Fmn
Cobb-Intrusives
Cobden-Lst.
Cockeye-Fmn
Coleman.Cgl.
Colliers-Coal-Measures
Comples-Point-Fmn
Comglen-point-Schist
Conical-Ni)is-Complen
Conical-niiis-Yolc,
Constant-Gnelss
Coskson-voic,
Coral-Bluff.Lst,
Cossyrite-Phonelite
Cowntess-Fan
Coverhan-Gp
Coverian-Stage
Ceafymore-Lst,
Croisiiies-volc,
Cunaris-Gp
Curio=Ray-piant-deds
Cuvier-Plutonics
Dannevirke-Series
pansey-Gravel
Darran-Biorite
Darriwilien-Stage
Dradmans-Creek -Gp
Dess-Cove-Granite
Peborah-Yolic,-Fmn
Dee-Fan
Devil-River-voic,

D1 mmond-Hardoor-Gp
ODonngliy-Cyl,
Dowglas-Fan

Dowl ing-Bay-Lst . -Member
Dun-Mountatn-yltramefics
punedinevolcanic-Comples
Dunol ) le-Coal -Measures
Punoliie-Fan
Dunpheil-lst.
Dunrobin-Fmn

Dintreoni in-5tsge
Dusky-Fmn
Ousky-Sound=Series
EarieFmn
fast<Coastoyn'c,.Fan
Eastern-Bush.Terrace
Castontan.Stage
Eeninus-Granite

€51 fnton-plulfs-Karstophyre
tglintos-volic,
Epmont-Terrace
f1strne-Roy-Oppel-Zone
Eigoodaist.
Eiltotvela-Fan

€1 i1s-Fmn
Ciiis-(uartzite

€1 sdun-fan

£} thom-Fan

£ phom-Larars

Emerald-Grav:}
Emsian-Stayn
Enys-Fon

Esk-Fmn
Ess-Creek-Fon
Etalian.stage
Ethelton-Cyl,
Eyre-3¢t.
Fati-Cyl,
False-islet-Fan
Farewell-Fun
Ferndale-Gp
Ferry.Sst.
Fiordland-Coeplex
First-main-erupt ive-phase
“lag-i1l-"Series’
Flagstaff-phonolite
Fiore-Fan
Fiowerpot-ist.
Flowers-Fan
Ford-2st.
Fordell.Tuff
Foreshare-Fmn
Foreshore-Gp
Forest-ntii-Lst,
Foxton-Dunesand
Franklin-Basait
Franklin.Cgl,
Frankton-Sub.-gp
Fraser-Foan
Garden-Cove-Fran
Garden-Point-gpidiorite
Garston-Fmn
Gebhies-Pass.yolc,
Gehbies-Rhyol ile
Gedinnian-Stage
Gee-Greensand
Georyelown-Fan
Geraldine-dasait
Gisdomian-Stage
Gladstone-Fan
Glen-Afton-Claystone
Glen-Massey-Fun
Glen-Massey-Sst.
Glendburn-Fan
Glendale-Lst.
Glenham-Porphyry
Glenhope-Beds
Glenhape-Fan
Clannie-Fan
Goat-Fmn
Golden-Bay-Gp
Golden-Bay-Schist
Goidiignt.Mst,
Good-creek-Fan
Gorrsl ignite-Measures
Gore-Piedmont.Gravel
Gore-Series
Gorye-Cgl.
Graham-Peridotite
Grempian-Fmn

Graptoitte-Zones ,-Ordovician,~-N.2,

Great-Mariborough-Cyl .
Greatford-Alluy,
Green-Hil1s-Fan
Green-ls)and-Leose-5st .
Greenl and-Gp
Greenland-Series

Creenstone-vailey-vitramafic-volcanic

Greenwood-Fen
Greta-Ist.
Greville-Fmn
Grey-Marl
ortairun-Fan
Croom-Creek-Fan
Gut 1 ford-Gravel
Haast-Schist-Gp
Waast-Schist.Zone

Heastina-nasstiana-Assemblage-Ione

Hadfirid-Fanglomerite
Halles-Knob-Nuaritite
Haxarimata-Fan
He)combre-Cyls.
Hampden-Fan
Haowhenus-volic,
Waparsngt-Ahyeiite
Hopuka-Fan
Harper-Hitis-vole.
Haumur {an-Stage
Baupiri-Cgl.
Hawp iri-Gp
Hauraki-Clay
Houtdpu-Lst.
Hautapu-valley-Agglomerate
Heut aws-Shelided
Heut swan-Stage
Hovtamin=-Substege
Hout van-Andesite
HRawes-glac.-év.
Nowera-Series
Howks-Crag-Breccis
Hawte)-Fmn
head ) and-Cgl,
Hekepe-{st.
Henley-Breccia
herangl-Series
Herbart.Fmn
ieretounysnssStoge
torringeFam
Hetarian=Stage
tietherington-Cgl .
HiftonaLst,
Himatangd -Go
Hinahina-Fan
Hinuera-Fan
Hogburn-Fmn

[ e, .

Hohonu-ylac . ~ady.
Hokonui.Assembiage
Holme-Station-ist.
Hood-Sands
Horeke-Nasalits
Hororata-Fmn
Houhgra-Fmn
Houhori-keratophyre
Houhore-Yolc.
Wowden-Lst .
Howden.5st.
Huka-fun
Humbeldt-Gp
Imnp-Ridye-Rmn
ys-Col,

*Hunua-Facles’
Huriwat.Fan
Harivai-Gp
Hurt-wii-plant-beds
Harupi-fmn
lutchinsontan.stage
utt-Alfur.
idoceras-Zone
ihunyta-Fan
inglewood-Fen

ing lewood-Lahars
Inja-Gravel
Initisl-Ervptive-Phase
[ren-Creek-Graensand

Twitaht.Gp
Jackson-liead-Lst .
Jay-Breccias
Jay-Loal-Neavsres
Jay-Fan
Jerusales-Sst,
Jones-Fan

Kaawd-Fmn

Kaaws-$st.
Xaawa-Shel Ibed
Kaharod-Ash
Kahuitara-Fmn
Kahuitars-Toft
KalataFmn
Katata-Mst,
Kafata-Ist.
Katatan-Stage
Xatated.l-Heach-Sand
Kadatei-il-Buach-Sediments
Kaiated-1]{-Buach-Sediments
Kafatea-Fan
Katates-]-Fan
Xatatea-11-Fmn
Katatea-(i[-Fmn
xatated-Terraces

* Katates-l-Terrace

Xalatee-}l-Terrace
Katatea-[[1-Terroce
xaihikuan-Stage
Xatho-Fan
Kalhu-Gp
Xat=ini-Gp
xad-twi-Ist.
Kathokopu-Shel j-Grit
Ka imsnawa-Greywache
R bmdnaws-Schist
semi-schist
Katmatira-Pumice-Sand
Xatpo-l5t.
Katpwke.Ist,
Kaitoke-Gravel
raiwhars-Alluv,
Xatwhata-sii}
Kaka-Fan
Xausw-merhie
Kakanui-Rineral-Breccio
Xakapo-Granite
Kamahi-Terrace-Gravel
xamo-Coel -Messwres
Yanddhor-Fan
raniere.Series
Kapanya-Propylitre
Kapitean-Stoge
Kepunt-Fan
raraka-Ist,
Xarases-Bathoi ith
Karamea-Granite
Karapiro-Fmn
Karero-Fmn
Kathrm-fmn
Kotiki-Fan
EaurveFan
Kaweka.Greywocke
Kawhia-Series
xekerengu-Fan
rekesiong-6p
Kerixier-Yolc,-6p
Rimeoiton.Tuff
Kingston-Fan
Kinoheky-Belamnite-Bed
Kinehaku-Fmn
Kimohaku-1s8 .
Kirikiriegp
Kiwio5st,
Kiwiteni-yolc.
Knapdeie-Torrace
Knobs-Perphyrite
Koheros-st,
Kokosm-Greensand
kopularos-Dungsend
Korsmgen-Stage
Knrokoro-Mar ine-Gravel
Rorematun-81ack-Send
Kossmitig-lone
Rouratahio3st,


http://Awrt-t.it
http://Ulotea-Terrar.es
http://II.rl.Ssl

Kowai-Gravel
Kowhai.Point.2st.
Kumara-1-9l3c,-anv,
Kumara-2+9lac,-2dv,
Kunare-3-ylac,-adv.
Xumerna-Fan
Kupe-Frn
Kurenii-Lst,
Kurivao-Gp
Kurow-Fme
Kyeburn-prds
Kyeburn-Fan
Lancefiridian-Staye
Landyuard-Fen
Landyvard-Somnd
London-Series
Largs.Porphyrite
Lee-River-Gp
Leithovaliey-andesite
trachyandesite
Lepperton-Fmn
Lepperton-Lahars
Les) je-Fun
Letham-Fmn
Lighthouse-Andesite
Lillburnian-Stage
Lindis-glac.-adv.
Little-Ben-Sst,
‘tttie-Parvora-Silt
Little-Iwin-Argtitite
Little-Twin-Fmn
Littlie.Twin-Spilite
Livingstone-yolc,
Lochar-Fan
Lockett-Cgl.
Logans-Point-Phonolite
Loisels-Ash
Lony-Reel-Breccia
Lony-Sound-Fmn
Lony-Sound-Sertes
Longford-Fan
Longwood-Complex
Longwood- intrusives
Lookout-Fmn
Lookout-Voic.
Loopline-Fan
Lower
Mvsictno-Lst,
Sraxtonian-Stage
Castliechiff-shellded
Etaljan-Stage
Kab-imwi-Zst,
Kumeroa-Fmn
Hanuherikia-Fmn
Raxwell-Fan
Mokau-Sst.
Ohedw-Ist.
O iwa-Gp
Mopirian-Stage
paparos-Gp
Reefton-Quartzite
Toemaikan-Stage
Tereda-ist,
Ureroan-Stage
Nestmere-Ist .
Luggate-yglac,~adv,
Lwgyate-Fan
LytteltonsGp
Lytteiton-volc,
McDonald-1st.
RBackay-Intrusives
PcRaught-Shel Ibed-Member
Mcphew-Cove-Cg).

Rattani-Laners
Raitsi-Gp
Maltaiaist,
Rakarsee-Gp
Mararewan-Stage
Pakiriniri-Toff
Meke-Cloy
Rakokako-Send
Miarolf-NtiGpe
Malaxprisn-Stage
Ransla-i1)-Gp
Ranata-Nitl-"Series’
Ranspouri-System
Pangahae-5eries
Manganou-Ist .
Rangakahia-Gp
Nengakotukv-7st,
Rangameiu-Concrat ionsry-Member
Ranjemako-Shel 1ved
PRengacrapen-Stage
Pangaotane-Nst ,
Kangaotangen-Stage
Pengapani-Sheli-Col,
Rengepanian
S
gepirien-Stege
Mongarars-5et.
Mengoreve-Fm
Rengatara-Measures
Pangets Fmn
Rangstarats-Sst.
llomuom.rm
Fangatisfon
Rangatu-'Saries’
Mangeweka-Mst .
Mangles-Fan
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Nanyunui-Lignite-Beds
Maniototo-Series
Manuherikia-Fmn
Ranvherikia-'Series’
Manuka-Fmn
Manukau-Breccis
Manurewa-Fisn
Maori-Bottom.Fmn
Maori-fottom-Series
Mapiri-fmn
Mapiri-Zst.
Marahavan-Substaye
Mararura-Fan
Maranarua-Fan
Marlborough-Schist
Marokopa-Fan
Martins-Bay-Fun
Marton-Alluv,
Maruia-Fmn
Maryviile-Coal-Neasures
Mata-Serfes
Matohiwi-5st.
Matakava-Yolc,
Matanyinui-Lst.
Materoa-Concretionary-Sst.
Hataura-Falls-plant-Beds
Matavra-Gp
Mataura- ‘Series’
Mataura-Terrace
Matemateaonga-Fan
Matenya-Fanylomerale
Matira-Ist,
Matiri-Fma
Maungarei-Dacites
Ravora-Noraine
Barwell-Fmn
Maxwel l-Gp
Mead-Hili-F} .n!
Pedway -5 mn
Percer-Sst.
¥erton-Terrace
Riddle-Mazwell-Fan
Middle-Hanvherikia-Fan
Hiddle-Paparoe-Gp
Mijburn-Lise,
Rilford-Fmn .
Ninden-Rhyolites
Hirza-Fan
Mitiwai-Sands
Hoana-Fan
Moeatoa-Cgl,
Noehau-Fan
Poehau-'Series’
Roeraki-Fmn
Mohakatino-Fen
Pohakat ino-Gp
Mohakatino-Tutf
Mokau-Fen
Moksu-Gp
Mokau=Sst .
Kohihi-Fan
Hokoiwi-Mst,
Mokoiwtan-Stage
Momoe-a3-toa~Tuf f
Porere-Mst.
Morysni-Cosl-Measures-b-voicincs
Poryen-Fmn
moriey-Coal-Keasures
'Morrinsviile-Facles’
Morven-Fmn
Possburn-Fmn
Mosstowm-Sand
Motvan-Stage
Potuitul-Dunessnd
Mount-Arther-Gp
Mownt-Arthur-Series
nL-Brown.Fan
m.Comei.Fon
Hount-Comel-yolc,
WoCurl-Tephrs
M-Herbert-Laves
Rt -John-Fan
nr-Jon-ghac, -adv,
Mt-Nessenger-Fmn
Kt -Messenger-Sst.
M-Misery-Yoic,
W0l ympus-pivton
M -Potts-plant-beds
M-Prospect-Gravels
m.Selitary-Fan
M-Solftery-gneiss
M-Somers-vYele.
Moutere-Gravel
Powbray-Grevel
Musuporka-Greensend
Pungarge-Lst,
Murchison-Granite
Mor ihiku-Supergrove
Moseby-Greensand
Nothan-Sst .-Member
New-Arighton-Cgl,
New P | ymouth.fan
Few-Plymouth.Lshars
Rewal1-Fmn-ashes
New.astia-Gp
Ngehepe-yolc,
Ngar ino=Beach-Sediments
Ny aring-Fmn
Mjarino-Terrace
Agetstura-Nassit
fyaterion-Stage
Mgatutnra.vole,
Agatoturt-Clagstone
Al dd<Fan
Sightcaps.Gp
At fa-Fan

s e
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Rine-Mtie-Fmn
Karth-Cape-Fmn
North-Etal-6p
North-Range-Gp
Northern-Valc,
Mzkunaru-§rown-Sand
Nukumaru-Fan
Nuhumaru-Gp
Nukumary-Lst.,
Mukumaryan=s,s -and-$,1, ,-ysage
Nukumaruan<Staye
Murse-fFan
Oamarn-Diatowite
Ocean-Yigw-Fmn
Ohai-Gp
coal-measures
Onhakea-Alltuv,
Ohakea-Terrace
Phauan-Staye
Onautira-Cgl,
Ohika-Beds
Ohika-Fan
Ohtnervry-Fmn
ohingalti-Sand
Ohut-Ash
Ohuka-Carbonacedus-Sst,
Okahu-fan
Orarito-Fan
Okehu-Gp
Okehu-Sheli-Grit
Ohehu-1st.
Gkehuan-Stage
Okehuan-Substage
Ckiwa-Gp
0ld-Man-Bottom
Oid-Man-Gravet
Oi¢-Man-Group
Olympus-Granite
Omahia-Andesite
Omapu-Shel i bed
Dearu-Fmn
Osthi-Fan
Omotumotu-Fmn
Onahau-Granite
Onawe-Plutoncs
Onekaka-Schist
Onerani-Chaos-Breccia
Oneraii-Fmn
Onova-Lst.
Opad$-Gp
Jpapaka-Ssat,
Opotttan-Stage
Opunake-Fmn
Opunake-L :ahars
Opunake-Stedis)
Orahiri-ist,
Oraka-5st.
Orangiwhao-Andestte

Orauea-Mst,

Ordovician-Stages ,-N.2,-{cf . -Austr

Drepuki-Terrace
Oretian-Stage
Ormond-fmn
Ostrea-Bed
Ologwun| st-belt
Otoyo-Volc, -Complex
Otshuhu-Shel Ided
Otaf-Greensand
Otatsn-Staye
OQtathenga-GQuartzite
Otato-Gorye-5st,
Otaki-Fmn

Otak i -Dunesand
Otaki-Sst.
Otema-Comples
Otama-intrusives
Otama-Terrace
Mamiten-Stage
Otanamomo-Conpiea
Qtapirian-Stage
Otarami-glac, -y,
Otaua-Fan

Otava-Gp
Otekatki-Lst,
Oteke-Series
Otekura-Fn
Otepopn-Greansend
Rira-Glacial
Otiren-Moraines
Otirsn-Staye
Otorohanga-ist,
Ototoks-lst,
Ototoke-'st ,-Tongue
oterson-ron
Qtui-Ist,
Oturi-Intergiacisl
Ourian-Stege
se-Fan

Ouse-Ist.
Mu.unr-plm-bm

Ml rc-mgrm
Oxdome-138 .
Peeroa-ignimbrite
Paksumanu=[gninbrite
Pakawau-cO6 ) -measures
Pakawau-Gp
Pakinihurs-Pumice
Pakurotshi -Gravel
Palisagie-Andasite
Papoiti-Allyy,
Papakato-Fmn
Papekure-ist,
Papamos-Ignimbrite
Paparongi-Fan
Paparang)-Gp

B

e ovne.

Y X

Paparanyi-sst.
Paparos-Satholith
Paparoa-Beds
Paparas-Coal-Measure-Gp
Papsroa-Granite
Paparcd-Gp
Parabgliceras-zone
Parshaki-volc.-Gp
Parapara-Gp
Parata-Gravel
Paerga-Series
Parhihauhau-Shelfoed
Parikawa-Fmn
Paringd-Fmn
Paritu-Tonalite
Pariwhakaoho-5)ate-Mewber
Park-intrusives
Parneli-Grit
Patea-Dunesand
Paterson-Fmn
Paterson-Gp
Paton-Famn
Patriarch-Fen
Patukf-Yoic.
Patutahi.Fan
Pebdly-Hil)-Gravel
Peel-Fun
Peyasus~Fan
Peyasus-Gp
Pelorus-Gp
Penguin-Rock-Intrustves
Pepin-Gp
Pepper-Shel | -Sand
Petane-"Sertes’
Petone-Marine-Sand
Plkiktrens-Schist
Pine-Bus i-Fen
Planacie.Sand
Plopio-serpertinite
Pipirtki-Sst,
Piripavan-Stage
Pitt-G»
Platfo-m-Gnelss

Plevrcirya-milletormis-Assemdiage-Zone

Pohui--Series
Pokapu-(Mahuranyt ) -Lst,
Pokorore-Pyroxenitye
Pomaiaka-Estearine-Bed
Pomcna-Granite
Ponscwhakat iki-258,
Poringan-Stage
Porarari-fFmn
Porarari-gp
Po-ewa-Al'uy,
Perika-Fmn
Parika-Glacial
Farikan-Stage
mort.£11izabeth-Beds

Fort-€1 i zabeth-Nst ,
rorter-Gp
votaka-Pumice
PovakatGp
Povskai-yolc.
Powiter-glac,-udv,
Pounsmu-Fan
Pounamy-‘Series’
Pounawes-Fan
Preservation-fmm
Preservation-Inlet-Series
Princess-Fmn
Productus-CreekeGp
Puaroan-Stage
Puarosn-Stage,-'A’-and- "B’
Puy.Creek-varved-siit
Pukekaroro-Dacites
Pukekiwi Shell-Sand
Pukewiro.Sst,
Pukenuri-Shale
Puketapu-Fman
Puketoka-Fan
Punakitere-Sst.
Puponge-Fmn
Pupu-Cgl ., -Mambe:
Purakauiti-Fan
Purohsuan-3tage
Purupurv-Tuff
nuM -Rnyotites
Putatsks.’'Series’
Putataka-Supsryrovp
Putaw-2s¢,
Puti-Zst,
Putiki-Shetided
Putikian-Substege
Puysegur-Fmn
Quat)-Island-Baslats
wartnn.lmcr-ﬂﬂ-mowrn
Reglan-Lst.
ofmn
1-8s8.
Rareshui-Granite
Remeka-Diorite
Remeka-Intrusives
Roesiey-Gravel
Rengikure-sst.
Rengitatki-fgninbrite
Rangitats-Senuance
Rengitawa.pumice
Rongitoto-Fmm
RangitoteMardle
Fangtitotn-volic.-ash
Rapanvi-Beach-Sedimemts
Rapanu! -puneseld
Repenvi-Fmn
Repanui-| fgnite
Rapanvi fsrine-Sand
Icm!-‘ltrnn
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Rata-Alluy,
Rats-Terrice
Ratanuli-Fun
Rauceby.Sst.
Raukumara-Series
Red-Bluff-Tuff*
Red-Mpuntain-Uitrematics
Reefton-LSL,
Reefton-Mst,
Reefton-(uartzite
Reikorangi-Gravel
Renyarenaya-Gp
Rewanul-Cosl-Measures
Riccarton-Grave:
Richmond-Hi | 1-Porphyry
Riwaka-Metavolcanics
Roariny.i ton-Fmn
lohertson-hy-co.(wxl ra-Yicturia-
Rosebank-Gravel
Rosiyn-doleritic-basalt
Ross-Glaciatl
Rotoross (1yneous )-Complex
Rotoroa-Gnelss
Rotowaro-Coal-Measures
Routehurn.Fan
Ruahine-Greywacke
Ruakini-Sst.-Member
Ruatanygala-5st,
Ruawaro-Sst.
Runangen-Stage
St-Anne-Fen
St-Anne-Gnefss
St.gernards-Fmn
St.John’s-Alluy,
Sal isbury-Terrace
Sand-Hiti-point-fan
Sand-i111-Point-Gp
Sandfly-Creek-Beach-Gravel
Sandni115-Creek-Fan
Saurian-Beds-{Sands)
Sawtooth-Gp
Seafieid-Sand
Seaview-imn
Second-Main-Erupt ive-Phase
Separat inn-Potnt-Batholith
Separation-Point-Granite
Seywour-Fmn
Shay-Point-Gp
Shakespeaare-Cl iff-Sand
Shakespeare-Cliff.Zst,
Shakespeare-Gp
Shelly-Beach-Fmn
Sherwood-Sand
Shoal-Point-Fmn
Sibbalds-Fon
$iegenian-Stage
Sinclair-Fan
Skippers-Fmn

Smtlie-Fmn
Snapper-point-Cyi.
Salandersisiand-andesite
Southburn-5end
Snuthern-yolc,
Southern-$-Pitt-fstand-Yoic,
Southiend-Series
Speargrass-Fmn
$plit-Rock-Fon
Springston-Fmn
Squires-Greensand
Star-Fan
Starborough-Fan
Stephens-Fan
Seites-Tul f-Member
Stoke-Al fuv,
Stratford-Fmn
Stratford-Stadis)
Sugar-loal-Andesite
Sulphur-Mst .
'Sulphur-Sands’
Sumit-1st,
Swale-Fan
Swale-2st,
Sweatwater-Fan
Tahere-Basaits
TathapeaHst,
Tathape-Sst,
Tatnu)=Sheltbed
Taitat-Sst,
Taitat-Series
Takaxa-Series
Takapu-Beds
Takspu-Coifuvium
Tokapy-interstedisl
Takapu-Stadial
Tokatahi<Cgl.-Hemper
Takatah)-Fmn
Toketike-Grit
Takitumu-Gp
Tangahoe-Fmn
Tangihva=yolc,
Tangowahing-Fan
Tapare-Fan
Tapuwaeros-fmn
Tepuwaeron-'Series’
Tarexohe-Mst,
Taranaki-Series
Tererua-Gp
Taratu-Cosl-Measuras
Taratu-Fmn
Tartngatura-Gp
Tasdman-Fmn
Tesman-Intrusives
Jonpo-Pumice
Teupn. (Pumice)-Dunesand
Taurenga-Cp
Towsrikt-Mst,

Te-Akatea-2st.
Te-Anau-Group,-Superyrouy,-or-System
Te-Aute-Fan
Te-Aute-Lst.
Tekopo-Fmn
Tekapo-glac,-adv,
Te-ropta-ignimdrite
Te-xditi-fmn
Tr-Kuiti-Gp
trXuiti-lst.
1elfordian-Stage
TneUne-Lst,
Te-Pake-Sst.
Te-Rama-Shel 1bed
Teranyi-interylacial
Terangian-Stage
Teredo-Lst,
Te-Rimu-Sand
Teurian-Stage
Te-Waewar-Terrace
Te-whaiti-lynlubdrite
Te-whanya-Lst.
Tewkesbury-Fan
Thomas-Fmn
Thompson-Fon
Thurso-Fmn
Thurso-Gaeiss
Timaru.pasait
Tini-Lowss
Tioriori-Gp
Ti-Point-Basalits
Titiroa-ist,
Titixsra-Fmn
Tiwat-point-Fun
Tiwat-pointGp
Tokatea-Hili-Fmn
Tokatea-Hili-'Series’
Tokomaririro-Jeds
Tokomsru-Fan
Toms-Cgl.
Jorngaporutu-Fan
Tongaporutuan-Stage
Topfer-Fmn
Tophouse-Fmn
Tores-breccia
Torlesse-greywacke
Torlesse-Superyrovp
Toriesse-lone
Totara-Lst.
Tramway -f on
Travmay-Sst.
Trechmann-Concretionary-2st.
Trentham-Grave)
Tuapeka-Gp
Tustapere-Terrace
Tucker-Cove-Lst.
Tucks-Bay-Fmn
Tuha-Sand
Tubawaiki«Fan
Tuhua-Fmn
Tuhua-granites
Tuhva«intrusive-Gp
Tunnel-Burn-Lst,
Tupon-Fan
Tupuangi-Sst,
Tut amoe-Fmn
Tutuiri-Greensand
Upokonui ~Sand
Upper
Awaking-Lst.
Braxtonian.Stage
Castlecliff.shelibed
Coral-Biuff-{st,
Etalian-Stige
Kal-fwi-2st.
rumeroasFmn
Mazwell-Fan
Hakay-Sst.
OkehuaZ5t,
Ok iwa-Gp
Otapirian-Stage
Paparoa-Gp
Reefton-Quartzite
Temaikan-Stage
Teredo-Lst,
\ruroan=-5Stage
westmers-{3t.
Upton-Fmn
Yrawitiki-Measures
Urenui-Fmn
Urenui.lst,
Urewera-Greywacke
Ururoan-Stage
Urutawan-Stage
Ut iku-Sst .
yienHilli-Dasalt
Virgin-Flat-Fmn
Watarexa-vole,-Fmn
Watauan-Stage
W3iautoa-Fmn
Watthao-Fmn
WafharakekesCgl,
Waihere-Gp
Wainere-Boy-Gp
Waint-Beach-Fan
Watitian-Stage
Waikaka-Nuartz-Gravels
Watkaka.Sertes
Watkaraka-Ist,
Woikare-1st.
Najkar)-Fmn
WaikaripioLst,
Walkatn-Coal-Messures
Walkawpu-5§58,
Walkterie-Tuffaceous-$3t,
Welkorea-ist,

Ninterholee-Fen

Wintertun-Fan

Hinton-fen

Wolds-Fan

Wooded.peak.Lst.

Voudlinds-fmn

Woodstock-ylac.-ddv.

Nool¢hed-Fan

Yapeenian-Stage

Zones ,-Lower-Quaternary-mol luscan

Tones-{palynoioyical):
Dacryditumites
Podocarpidites-cf.-ellipticus
Podocarpidites-marwicki]
Proteacidites-pa) tsadus
Tricolpites-pachyeninus

Naikuku-Lst.
Wathutakyta-2st.
Waimahaka-Lst,
Waimahoe.-Liynite
Halwaunya-Glac.
Waimaunygan-Stage
Naimea-Fun
Katmea-Glac.
Naimean-Staye
Matmihia-Lapiilt
Waimumu-Terrace-Gravel
Watngaro-Schist
Nainut-Quartz-Dlorite
Walohine.Gravel
Natomio-Gp
Watomio-Shelloed
Watomo-Mst.,
Waioneke-Fmn
Waiouru-Sst,
Waipani-Albite-Granite
waipani-Gp
Baipaos-‘Series’
Waipapa-Gp
Waipapa-Lst,
Naipara-Greensand
Waipsws-Black-Shale
Walpawan-Stage
Watpiata-volc,-Fma
Walpipt-Fmn
Waipipian-Staye
Waipiplan.Sudstaye
Wailpoua-Basalt
Waipous-Gravel
Watpuna-Bay-Fmn
Watpuna-Delta.Cyl.
Waipuna-Sst.
Waipuru-Shelided
Wairakau-Andesites
Wairaki-Breccia
Wairaki-Fan
Natrau-Cyl,
Wairto-Coal-Measures
Wairuna-peak-feds
Wairuna-Peak-Gp
Waitakian-Stage
Wattapu~Shell-Cgl.
Waltara-Bured-Forest
Wattara-Fmn
Waitsra-interstadial
Waitsrere-Dunesand
Waltati-phonolite
Wattewheta-Dacite
Waiteariki-fgnimbrite
Waltemala-Fan
Waitemata-Gp
Kaites-Fmn
Haitetuna-Lst,
Wattomo-Sst.
Wattotara-Fmn
Waltotaran~Staye
Waituna-Cgl,
Walua-Fmn
Watuta-greywackes
Watuta-Gp
Waiwheran-Stage
Waiwhero-Interglactal
Wakaepa-Fmn
Wakamarams-Schist
Wakarara-Greywicke
Walker-Quartzite
Wanyaloa-Fan
Hangaloan-Staye
Wanganul-Series
wanyapeka-Fmn
Wanstead-Fan
Ward-Fmn
Warder-Coal-Measures
Warepan=Staye
Waverley-Fmn
WebbsFnn
Weber-Fan
Wedderburp-Fmn
Weetwood-Tuff
Weka-Pass-Stone
Welshmin-Saries
Wesney-st.
Westhaven-Fmn
Hestmere-Ist.
Wet-Jacket-Fmn
Wet-Jacket-gnaiss
Wether-Fan
Whatngaros-1st.
Whaingarosn-Stage
Whakamaru«fgnimbrite
Whangaehu-¥aliey-Fi1)
"Whangat-Argiliite’
Whangai«Fmn
Whangala2st,
whanyskea-Yolc,
snangapn-$st.
whanyarel«Lst,
Wharsriki-Fmn
Wharetanu-Heasures
Whar (e-Fmn
Wharfe-$st.
Whatarangi-Fmn
wWhatawhata=5st.
Whau-Fan
Whenuakura-Gp
whenuataru-Tuff
WhitesRock-Coal-Measures
WhitemanaGravel
Whitianga-Gp
W ikies-Shel Toed
witson.Sst,
WindwhistigeFmn
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