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arent materials of the agricultural soils of the regicn,
ancd are at considerable distances from the lilkely sources, these being
trhe Egmont volcanic centre in Taranald, the Okataina volcanic centre in
Bay of Plenty, and the Tongariro and Taupo volcanic centres in the
central North Islar In particular, this thesis sought to resolve the

vroblem of the identity of the Tirau and Mairca Ash beds; whether they

e

are inherently different, or whether they merely represent the products
of pelogenesis of the szme parent materials uader differing weathering

In the resolution of this prcblem, many laboratory technigues were

exhaustively and systematically investigated, the methods being reviewed

with the samples that were found to provide useful data were refractive

index, density, and magnetic properties.
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The use of refractive index for this purpose had
previously been abandoned because of its lack of
sensitivity.
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investigated by

gradiznt technig
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€s using sclutions of acetone in

(03]

bromoform. The natural variation in density
exceeded the precision of the technique, but in
e of this the method was shown to have scme
application in the solution of tephrostrati-
grzphic problems,

\ s . . . .
(¢} Magnetic properties: Simple methods based on the Guoy magneto-

were found to ke particularly useful in the
attempted correlation of the Aokautere and

Teviotdale Ashes. lcre generzlly, the magnetiec

&)

usceptibility was found to be 2 rezly method of

In addition to these physiczal methods the glasses were analysed
chemically, As well as these technigues, use was made of mireral
asserhisges, particularly of felsic minerals; and of the relative pro-

ortions of rhyolitic and andesitic szlass. The former of these two

k3

glasses is easily extracted physically, but the existence and guentita-
tive estimation of andesitic glass, being difficult to determine
directly, was determined indirectly by infra-red spectroscopic techniques.
The relative proportions of these two glasses wes its21f found to be a
parameter of sore importance in correlation work, ard has bsen used in

conjunction with a first-order kinetics model for the weathering of

:1ase to allophane to provide approximate dates fcr the samples.
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migues were used to sclve scme specific tephrostratigraphic problems,
in particular, problems involving thin beds in the Waikato rezion, and

cme problems in leng-range tephra correlation.  These specific prcblems

{a) The Tireu-Mairoa Problem: There has been a long-standing debate
over whether the ash teds that make up the Tirau
Ash and Mairoa Ash seguences are the same or

whether the parent materials differ. Frcm the

e

nformation derived by the use of the techniques
described atove, the two ash seguences were found
to differ: +the Mairoa Ash seguence being both
older and more andesitic in character than the
Tirau Ash seguence. The
was considersd, as g result of this work to
underlie 2nd possibly interdigitate with the

Tirau Ash. Samples from sites between the type

localities of the two sequences showed 2
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composit Chemical analysis cof the

rayolitic glass and refractive index duta

ct

sugezested, tha
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at least in some locelities, the
Mz2iroe Ash was contaminated with material from
the underlying Oruvanui Formation.

(b) Oruznui-Aokautere Correlation: The Cruanui Formation is a widely
distributed bed or seguence of beds in the

central Morth Islznd and had bszen previously

<4

e

tantatively correlated with the Aokautere Ash



- -

Xvid

A\ 4 Ter A - - ° - .
(c; Cruanui-Teviotdzle Correlation: The Teviotdele Ash of Noith

ruanul and Aokeautsre Ashes, Tha

3

nagnetic and chemical properties, however,
suggested that the Teviotdale Ash represents a

separate eruption.

The soils developed on Kaharca and Taupo Ashes show elemental

'.I.

deficiencies when exploited for agriculture. Soils developed on
similar rhyolitic tephra of grezter age show no such deficiency.
Accordingly, the relative merits of such deficiencies being caused
either bty pedogenetic factors cr by initially low amounts of the
microelemsnts in the pzarent materials was investigated. In the case
of selenium, most of this element potentially available is to be found
in the gzlass. Anzlysis of the glasses from the various ashes showed
little variation in selenium conitent, and the results obtained bore no

relationship to the agricultural selenium status of the derived soils.

s it was inferrcd that the selenium deficlencies are pedogenetic

%]

in origin, being caused principally by the short length of time available
for the leaching of selenium from the glass. In that ccbalt tends to

be enriched in the more mafic minerals rather than in the glass,

deficiencies of this element in the soils derived from the Ksharoa and



GENERAL INTRCDUCTION

The status of research in tephrostratigraphy is such that field
evidence no longer suffices in the identification and correlation of
tephra. This is because work is increasingly concerned with thin or
heavily weathered deposits which may bear little lithologic resemblance
to their parent materials close to source. Accordingly, the research
for this thesis has centred on the study of various physical and
chemical technigues available in the sclution of such problems, with
the aim of assessing their worth in this regard. In the course of such
a study it has been found possible to modify some existing techniques
and further increase the extent of their applicability, in some cases
to the point at which the natural variation of the parameter exceeds

the determinative error of the technique,

The laboratory techniques used fall into two broad categories:
methods involving the whole tephra unit or derived soil and those which
deal with some property of a diasgnostic mineral. O0f the first type,
mineral assemblages are an important and traditiocnal example. Usually,
attention is concentrated on the presence and relative proportions of
mafic minerals; emphasis is here, however, placed on the relative
proportions of the felsic minerals, quartz, feldspar, and glass. Two
types of glass are recognised: a glass of lcw density, occurring
abundantly in chyolitic tephra and being of composition similar to the
rock rhyolite; and a glass of greater density, virtually inseparable
physically from feldspar and gquartz, but whose presence and proportion
may be inferred from infra-red spectroscopic techniques. This latter
glass is more abundant in tephra of presumed andesitic origin wherein
the relative proportion of rhyolitic glass is very low. The relative
progortions of these two glasses is a function of the rhyolitic
character of the tephra and forms the basis of a crude method of dating

the devosits.

The rhyolitic glasa itself, being of undoubted volcanic origin,
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may be considered a diagnostic mineral worthy of detailed study.
Properties of the material that lend themselves to investigation are
the density, refractive index, and magnetic susceptibilities as well
as chemical composition. Determinative methods and the applicability

and limitations of such techniques are discussed in detail.

The material of this thesis is described broadly in three
sections. The first is an introduction to the volcanic setting in
New Zealand, and describes the specific tephrostratigraphic problem
that the research has sought to solve. In particular, the historical
development of ideas on the identity of the - Tirad and Mairoz Ksh
sequences is described. This particular problem is typical of those
for which field criteria are no lcnger adequate to achieve a solution.

In this section, too, details of sample collection and sites are given.

The second section is devoted to the review and development of
the various techniques. Separate chapters are concerned with the
extraction and estimation of the glasses, the correlation of tephra on
the basis of mineral assemblages, density techniques, magnetic
susceptibilities and ferrous contents of glass, refractive index and
water contents of glass, and chemical analysis. In the discussions
within these chapters, the applicability of the various techniques is
assessed with reference to possible differences between the two ash

sequences.

The final section reviews the use of the techniques collectively
as Par as the Tirau and Mairoa Ash seguences are concerned. In an
attempt to assess further the techniques' applicability, they are used
to gain information on the areal extent of the Oruanui‘&sh, specifically
to dstermine whether the Oruanui Ash, identified as such near Taupo
and in the Waikato district is corvelative with the Aokautere Ash in

the Monawatu and the Teviotdale Ash of North Canterbury.
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Since the tephra-derived soils of New Zealand are of agricultural
importance, it is fitting that the observed elemental deficiencies in
the soils should be considered in relation to the elemental composition
of their parent glasses. This, together with comments on the nature

of such geochemical imbalances forms the closing chapter of this

Finally, the broszd results of the investigation, together with
suggestions of further protlems where the techniques described might
be useful, are given. Some speculation on future develorments in the

subject are included.

To assist the reader in recalling the nature of specific samples
and tephra units, a sample ccncordance is provided at the rear of the

voiume, following the bibliography.



PART ONE

THE GEOGRAPHIC SETTING




CHAPTER 1: VOLCANIC CENTRES AND TEFHRA DISTRIBUTION

§1-1: Introduction:

Huch of' the landscape of the North Island of New Zealand is

mantled with tephra. In many areas Pleistocene and Holocene tephra
is the parent material for present-day soils. The principal sources
of this volcanic material are shown on the locality map (Fig. 101).
O0f these the Okataina, Taupo, and Ma:lroa volcanic cerntres have erupted
material primarily of rhyolitic composition. The air-fall deposits
from these eruptions have been the principal parent material for soils
in the Bay of Plenty region. To the west and south of the centres
referred to above lie the Egmont and Tongariro Centres respectively:
the deposits from these sources have been largely andesitic. Typically,
andesitic tephra are of smaller extent than their rhyolitic counterparts,

though as is indicated later in this chapter, some clder andesitic
tephra appear to be rather widespread in distribution. As would be
expected the land surrounding the andesitic sources 1s mantled with

scils ceveloped from this parent material.

At sites further away from the volcanic sources, tbe amount of
tephra contributing to soil development is rather less, Becausze of
the small volume of material deposited, the soil-forming processes in
progress before deposition of the tephra may have continued largely
unhindered. This has the effect of making the tephra less distinctive
in the stratigraphic profile, and also of making its correlation with
occurrences in thicker section closer to source much more difficult.
This, then, is the essence of the stratigraphic problems to which the
techniques developed in this thesis are applied. Such difficulties
are compounded by the possibility of the incorporation of tephra from
diffPerent sources in a soil distant from proposed sources, and this

possibility too is explored.
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The principal region under study for this thesis is the Waikato-
Hauraki region and the northern portions of the King Country. The
location of these regions of the North Island of New Zealand are shown
in relation to county boundaries in Fig., 102. Also on Fig. 102, these
regions are shown in relation to principal settlements within the South
Auckland Land District. Comparing Fig. 101 with 102, it may be seen
that these regions are at almost equal distance from the Okataina and
Egmont volcanic centres, and this should be borne in mind when the

discussion of tephrostratigraphic problems in the area is presented.

The application of the physical and chemical techniques described
in subseguent sections of this thesis are made in connecticn with the
Tirau and Mairoa Ashes, principal soil-forming tephra in the Waikato-
Hauraki and King Country regions., As a prelude to the discussion of
these tephras, it is useful to consider the principal tephra erupted

from the various centres, and this is given in the next section.

S1-2: The Okataina Volcanic Centre:

The Okataina volcanic centre was the source of a considerable
number of Pleistocene and Holocera eruptions, the oldest of which is
some 40,000 years old. With the exception of the historic Tarawera
eruption, the tephras from this centre are rhyolitic in mineralogical
composition. Field characteristies of the more recent eruptives from
this centre have been described in detail by Vucetich and Pullar (1964)
and with particular reference to the Waikato region by Pullar (1967).
The older eruptives (older than 15,000 years) are similarly described
by Vucetich and Pullar(mﬂ)ln Table 1-1 the names, ages and sources of
these tephra are indicated, together with their persistence into the

Waikato-Hauraki region on the basis of field criteria.

From the table it is clear that in the last twenty thousard vears,
Rotoma and Rotorua Ashes are likely to be the parent ashes for soils in

at least the eastern Waikato-Hauraki region and are underlain by the
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telescoped column of Okareka Ash and Te Rene Ash on Oruanui Formation.

The Oruanui Formation has its cource near Taupo (the Maroa Volecanie

TABLE 1-1: Tephra from the Okataina Volcanic Centre
Tephra Age(1% Source Composition Occurrence Extent of
(t x 107 /yr) (a) relative soil
to Waikato development
region (v)
Tarawera )
) 0.09 Mt Tarawera A Historic
Rotoma.hana) eruption:
Mud (c) ) no sighting
recorded
Kaharoa (4) 1.07 Mt Tarawera R Insignificant
Rotoma (e) 8.0 East Lake R Possibly as
Rotoma far as
Morrinsville
Rotorua (e) 13.5 Lake Tikitapu R Identified
to Tirau
Rerewhakaiitu 14.7 R No evidence
Okareka 19 (£) Mt Tarawera R )  DPersists as ( Weak
) a single bed (
Te Rere - Mt Tarawera R ) into Waikato ( Weak
(Oruanui 20  )(&)
Mangaone 27‘2) L. Rotoma and D(B) Probably Exten-
Mangaone : only local sive (h)
patches
Rotoehu (i) ca 42 Mt Tarawera R At least Signi-
to Parawera ficant

(3)

References:

Rerewhakaiitu after Pullar (1967)

that Por older tephra after Vucetich and Pullar (1969)

(1)
(2)
(3)

Healy

v et al., (1964.)

Ewart and Healy (1965)

Pullar and Heine (1971)

Unless otherwise indicated data for tephra younger than

)
) in Vucetich and Pullar (1969)
{)
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(a) A is an andesitic assemblage, R rhyolitic and D dacitic.

(b) The extent of soil development is an indication of the time
interval between the named tephra and that which overlies it and
undoubtedly a function of the weathering regime at the time of
deposition. Data for tephra younger than Rerewhakaiitu after
Vucetich.,

(e) Sampled at Waimungu Read and used as a sample of known azge.

(d) Sampled at Ash-Pit Road {site 10) and used as a
sample of known age.

(e) Sampled at Tapapa Road (site 9) and used as a
sample of lmown age.

(£) Radiocarbon age3 are greater than this, but the tephra is
younger than Oruanui Formation itself radiocarbon dated to
reasonable precision as 20.7 thousand years.

(g) Oruanui Formation is not an eruptive deposit from the
Okataina centre, but is similar to Okareka Ash in field appearance
and allegedly these two beds together with Te Rere coalesce in
the Waikato district.

(h) There appears to be an appreciable interval of time between

the eruptive episodes that make up the tephra, sufficient to give

'red' weathering in some localities.

(i) This tephra is considered the end of an eruptive sequence

involving the Haroharo massif. There is a significant time

interval before deposition of Mangaoni Lapilli, as evidenced by
the degree of soil formation and the difference in physico-
chemical parameters (see Chapter 6).

(5) Rotoehu tephra is sufficiently distinct in the eastemn

Waikato to be used as a lower marker bed to establish stratigraphic

relationships, but see text.
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centre), but since it is invariably associated with eruptives from the
Ckataina centre, at least in the area under study, it is convenient to
include it in the discussion of these eruptives. The Oruanui Formation
is characteristically pumiceous and is usually a lighter colour than
overlying ashes; Vucetich and Pullar (1969) noted that it lecks the
structure of a buried soil, which is of assistance in its identification,
and described its occurrence in the eastern Waikato district as:

"ee.. on the Mamaku Plateau the bed is pale brown and is sandy
loam in texture with a fine white ash base with occasional
chalazoidites and numerous small mangansse concretions; at
Parawera and Okoroire in the Waikato district it assumes a pale

y2llow colour and has a distinct basal layer of white ash ...."

It is this basal layer of white ash that makes the Oruanui
Formation a very useful stratigraphic marker bed and as will be indicated

in the next section, gives a maximum age to the base of the Mairoa Ash

sequence.

Rotoehu Ash is another useful wmarker bed in the Waikato-Hauraki
region, and appreciable thicknesses persist into the region, as much as
90 cm at Arapuni for example. The character of this ash-member in the
locality under study is described by Vucetich and Pullar (1969) as:

"The Rotoehu Ash always has distinctive shower bedding at the base

and in many places has a thin layer of loose sand at the contact

with older deposits ..... west of Arapuni and in the Tirau and

Horohoro localities, the basal layer is pale yellow compact sand

and projects as a jutting ledze."

S1-3: The Egmont Volcanic Centre:

The stratigraphy and chronology of the eruptives from Mount Egmont

have been recently reviewed by Neall (1972). The tephra deposits from

this source are in marked conirast to those from the Oxataina Centre

\ +ataa + -
boih in thickness and areal extent; Neall states that:
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rhyolitic voleanicity is generally violent in contrast to the
gradual build-up of compesite andesitic cones and the ascociated

eruption of comparatively small volumes of tephras."

4 generalised stratigraphic sequence of material erupted from
Mount Egmont is given in Teble 1-2. The tephra of largest areal extent
and thickness are the Oakura and Okato Tephras which, together, are
identified with the "Egmont shower” earlier described by Grange and
Taylor (1933). The combined isopach map for the two tephras after
Neall and the distribution of the "Egmont ashes"™ of Gibbs (1968) is
given in Fig. 103. Both of these tephra are highly aliophanic and
friable, the texture being a coarse sandy clay loam near the source and
a fine sandy clay loam at greater distances. Although the time-span
for deposit of the terhras is not known, radiocarbon dating indicates a
maxinum sge for the Ozkura Tephra as seven thousand years. Of its
distribution and source Neall (1972) wrote:

"The formation extends as far north as Waitara, although at this

distance the unit is obscure. It is the youngest widespread ash

and mantles most land surfaces in Taranaki, outside Egmont

Kational Park...... The distribution shows a broad lobe towards

New Plymcuth suggesting a southerly vector influenced depcsition.”

The distribution and source of the underlying Okato Tephra is
similer on the basis of the isopach maps of Neall (1972). Radiocarbon
dating of charcoal from material zbove and below this latter tephra
suggests a minimum age of twelve thousand years and maximum age of
sixteen thousand. There eppears to be appreciable time interval
between the deposition of these and older tephra and this may represent
the limit in age for contribution of Egmont-derived material to the
Mairoa Ash sequence, since as is indicated in the field descriptions of

Sec. 2-2, the Mairoa sequence appears to be bounded below by Oruenui

Ash dated at twenty thousend years.
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TLELE 1-2: Tephras from the Egmont Volcanic Centre (after Neall (1972))

Formation Members Lge Thickness Eruption Type
(t/10° yr) (T/cm) (a)
Tehurangi Tehurangi Ash 0.22 10 (b) small air-fall
Burrelli  (Punihe Lapilli 2)0.32 ( flow
(Punihc Lapilli 1) ( - (v) small flow
(Burrell Lapilli ; g small air-fall
(Burrell Ash - (v) small flow
Newall (Waiwerenui Ash ) small fall
(Waiweranui )
Lapilli ) 0.47 ( 60 (b) small flow
(Newall Lapilli ) ( 80 (b) moderate flow
(Newall Ash ) ( 20 (b) probably flow
Un-named ash beds
Inglewcod Tephra 5.0 (c¢) - (v) airfall
Korito Tephra - (b) airfall
Oakura Tephra (4d) 6.97 ¥ 0.08 125 airfall
(un-nazed esh basal
lepilli)
Stert £sh (a) 6.97 £ 0.08 10
Okato Tephra (d) 12 - 46 100 airfall
(un-nazed ash Ahuzhu
lapilli)
Sauncers Ash 16.1 ¥ 0.2 probably flow
(e)
Carrinston Tephras 3.6 (f) % 75 E fall
Koru Tephra éKbru £sh ) (
Koru Lapilli) 20 fall
Puke:ti Tephra 10

Weld Tephra (Weld ash
(Weld tuff
(Un-named ash
(Un-named lapilli

(Not present at site)

New Plymouth Ashes and buried soils

70 - 100 (g) 225

Notes: (a) relative to Oakura Tephra thickness, from type section for

Ozkura and Okato Tephras N108/593842.
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(b) These were essentially 'local’ eruptive deposits, freguently
of the flow or "nuée ardente" type. The thickness guoted are

the meximum observed in the region studied by Neall, and are
suggestive of restricted lateral distribution.

(c) ™The unit mentles the present-day topography and is probably
not older than about 5,000 years" - Neall.

(d) These tephras are believed to constitute the "Egmont shower"
of Grange and Taylor (1933).

(e) Probably the lower chronological limit to the contributing
ashes to the Mairoa sequence.

(f) Radiocarbon dating not possible because of the absence of
charcoal. Evidence from buried soils suggests a time interval of
20,000 years, so that the base of the deposit is not younger than
36,000 years, and this assumes no significant time interval
between the depositions of the uppermost member of the Carrington
Tephras and the Szunders Ash,

(g) Dates estimated on the basis of the formation's upper contact
with the Rapanui Formation and its lower contact with the Ngerino

Formation.

S1-4: The Tongariro Volceanic Centre:

Like the material erupted from the Egmont vclcanic centre, tbe
material from the Tongariro centre is andesitic and as expected a;é of
more lccal extent. Deposits from this source have been recently
discussed by Topping (1573). There heave been a considerzble number of
small eruptions but few are probably of significance to the Waikato-
Hauraki region and in fact Pullar (1973) gives no Tongariro-derived
tephras (other than the recent Ngauruahce Ash) on his map of "at-surface
tephra formations occurring within 45 cm of surface, (which tephra) are
soil forming parent materials," nor: on his map of "near-surface tephra
formations occurring within 45 to 100 cm of surface,” for 30 and 15 cm

isopech. Topping (1973) indicates that the volume of ejectamentsa is
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ebout S ca3 typically for the Tongariro-derived tephras by the methoad
of Cole and Stephenson (1972). Analogous calculeations on some of the
Okataina-derived tephra give a volume some ten times this figure.
Considering the distance the former meterial would need to have travelled
to have reached the region under study end the small “"power output,"
material from this source seems unlikely to have contributed to the
soil-forming tephras. However, as will be seen subsequently, the
alleged contamination of rhyolitic tephra in the Waikato-Bay of Plenty
region has recently been attributed to the accretion of material fram
this source, rather than from Egmont as was earlier proposed. Such
consideration can however only be made after an outline of the principal
tephra relationship problem of the region under study is given, as is

described in the next section,

S1-5: & Problem of Thinly-Bedded Tephras: Tirau and Mairoa Ashes:

The problem of identification and differentiation of the Tirau and
Mairoa Ashes has its roots in the difficulties asscciated with the
characterising of tephra that contribute tfo thin beds. The Mairoa Ash,

principally mapped in the King Country, and the Tirau Ash, principelly
described in the eastern Waikato region, occur at sites distant from the
projected sources whose tephréchronology and stretigraphy have been

cited. Not only this but the climatic regimes are undoubtedly different

2nd this has certainly affected the interpretation of field evidence.

The problem has its basis in that early geological mapping in the
Mairoa locality was carried ocut by workers familiar with Taranaki
stratigraphy, in particular the sc-called "Egmont shower," wherees
mapping in the eastern Waikato district, and in particular, in the
Tirau locality, was carried out by workers more familiar with the ashes
from the Okataina volcanic centre. It was therefore, perhaps inevitable
that the Mairoa Ash came to be associated with the Egmont Centre and
Tirau Ash with the Okataina Centre. But difficulties arose in the

jdentification of the strata in the Waikato district. As recently as

"o



1567, there was clear disagreement:
"4 ccmmon (tephra) column has been examined by both Ward( end
Vucetich and Pullar (b); the former would regard the top 52" as
Hairoa, whereas the latter have mapped the upper portion of 41"
as including Taupo Pumice, Rotoma Ash, Rotorua Ash, pinkish brow

. \c - . .
beds (e) and a fine ash-cap to the yellow tlock and white block

(a) u

beds (- Pullar, 1967)

If nothing else this conflict indicates the inadequacy of field

evidence alone to resolve the problems of thin tephra beds.

In the eastern Waikato district the correlation of Tirau Ash with
the Okataina volcanics has never really been in doubt. A paper by
Taylor (1953) refers to this as a "rhyolitic ash attributed to a source
near Taupo" which "feathers out westward beneath the more andesitic

fairoa Ash."

Yore recently Pullar (1967) writes that near Tirau itself "correl-
ztion of soil horizons with ash beds suggests that the top 27 inches
most likely comprises the Taupo, Rotoma and Rotorua ashes and the lower
six feet the pinkich brown beds (Okareka Ash, Te Rere Ash and Oruanui
Formetion) yellow bleock and white block beds (¥angaone Lapilli) and grey
bended bed (Rotoehu Ash)." As a result of this Pullar considers that the
Tirau Ash is unlikely to be older than the Rotorua Ash_(13,000 years).
Birrell end Pullar (1973) have more recently proposed that the Rere-

whekeiitu Ash may be involved also in the Tirau Ash sequence.

(a) Vard was involved in the mapping of Mairoa Ash.

(b) Vucetich and Pullar have written extensively on the strati-
graphy and chronology of Okataina q§vié§@ tephra.

{¢) & descriptive term for Okareka Ash, Te Rere Ash and Cruanui
Formation.

(a) A descriptive term for Mangacne Lapilli.



¥airce fsh was first named by Grange (1931) who applied it to "=

brovn endesitic ash with an average thickness at Mairoa of two feet (&0

N’

f\)

co nd wes said by Grange and Taylor to “"agree closely with undoubted

Egment Ash occurring at Stratford and Te Were." Because they observed

b

Q

th that the "Egmont ash is not always brown in colour" and that the
file of Egmorit Ash under high rainfall and leaching conditions

resexbled that developed on Taupo Pumice and Ksharoa Ash where rainfall
was also heavy, they proposed that Egmont Ash might be significant as far
avay from Egmont as Tirau and Putaruru. A composite character of the
tephra (2) was implied, with the uppermost layer from Egmont and the
earlier layers including rhyolitic material. The materizl immedicstely
beneath kairo Ash has been subsequently considered to be Cruenui Forma-
tion (Vucetich and Pullar, 1969) and this places a maximum zge of twenty
thousend years on the Mairca Ash. This informaticn tqgether with the
maxinum ege for the Tirau Ash given earlier would suggest that the Mairoa
Ash should underlie Tirsu Ash. However, Taylor (1953) indicated that
the Tireu 4Lsh "feathers" out under the Mairos Ash. Consequently, either
two sources were involved with contemporaneous deposition of tephra, or
else the two tephra sequences are merely differently weathered forms of
the same material.

Tlhe possibility of two sources has been refuted by Ward (13967) who
considered that the Kairoa Ash and the underlying Hamilton Ashes were
but differently weathered forms of the seme parent material. Hard
stated that the presence of the ellophanic Mairoa Ash over halloysitic
Hamilton Ash, together with the "leberatory evidence that weathering of
2llophane leads to the production of halloysite (®) suggests that the
“Lz.rmilton bed is derived from the Meiroa shower (Mairca Ash) by

ering and elatristion of clay. To determine the source of the

b5
o
I\
o+
* ‘-

ne

(a) The work described in Chapter 5 confims this observeltion.
(b) This refen. to M. Fieldes' work on dating soils by predominant

cley type. This is discussed in Sec. 6-1
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Hamilton Ashes, Ward describes a method based on isopach mappirg:

"The prcbable source of the Hamilton ash beds is presumed to be
either Mount Egmont to the S.W. or a centre in the Rotorua-Taupo volcanie
field to the S.E., but the thickness of the individual Hamilton ash-beds
when plotted on the map give no clear indication of its direction.
Presumzbly the original thicknesses of the beds have been affected by
weaethering. To eliminate rendom effects the measurements were grouped
and averesges taken as follows. Taking the ash beds one at a time, a
circle centred on Mount Egmont was drawn so that half the observations
ley inside end half outside the circumference....." The same was done
with the circle centred on the Rotorua-Taupo volcanic field (previcusly
referred to in this chapter as the Okataina volcanic centre) and the
conclusicn reached that "the average thickness of most beds in the group
far from Mount Egmont is not very different from the average thicimess
in the group near to Mount Egmont" but "there is a marked increase in
thickness towards the Rotorua-Taupo volecanic field indicating that the

eruptive source lay in this direction."

Pullar (1967) stated that Hamilton Ash is older then 36,000 years
because it vnderlies the Rotoehu Ash., He noted that "Ward is inclined
towards an age greater than the last glaciation of more than 70,000
years.” Either of these ages make the correlation of Mairoa Ash with
Hamilten Ash untenable, since the Mairoa Ash post-dates the Oruanui
Formation. Consequently Ward's proposal of an eastern rather than
westerr source for the Hamilton Ash does not deny the possibility of a

western source for Mairoa Ash.

At the risk of repeating Ward's failure in correlation work based
on studies of bed thickness a mathematical model flor thickness-distance
relationships is described in Sec. 2-3 and compared with the stratigraphy

observed, the latter being presented in Sec. 2-2.
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It would thus appear that, in spite of much Tield work over the
past forty years, the problem of the identity of the Meiroa Ash and
Tirau Ash is no closer to resolution, there being still debate as to
whether the tephra represent differently weathered forms of a parent
meteriel from the COkataina centre or whether eruptives from Egmont ere
alsc involved. A further complication has been exposed in recent work
by Birrell and Pullar (1973) who recognised andesitic contemination in
many of the tephra of the Bey of Plenty and Waikstc-Hauraki regions.
While this in itself is consistent with the data described subsequently
in this thesis, they attribute such contamination tec eruptives from
Tongariroc and are thus at variance with Topping (1973). In the course
of this thesis, it will be shown that there is evidence for a basic
difference between the Tirau Ash and the Mairoa Ash, consistent with

their being of differing source and tephra type.
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CEAPTER 2: COLLECTION QF SANPLES:

S2-41: Introduction:

Samples reprecentative of the Tirau and Mairca Ashes were collectied
at various loczlities, generzlly at 15 cm intervals down the strati-
graphic sequence. Where possible, the sampling procedure, included
either or both the marker beds Oruanui Ash or Rotoehu Ask. As the
plates show, in many instances, there is little lithologic difference
in the material overlying the merkers - hence the reason for sampling
simply on a depth basis. In addition to samples of Tirau Ash and
¥airoa Ash, samples of other tephras from localities nearer the
projected scurce were taken. These tephra, of known age, were sampled,
with the intention of using them as dated standards with which to

compare the Tirau Ash and Mairoa Ash samples.

The localities chosen were road cuttings, since the stratigraphy
here is typically exposed for several metres, and enesbles photographs

of the site to be taken.

In the next sections the sites and stratigrephy of the samples
ere described in detail. For reference in subsequent chapters, the
sarple numbers and tentative identifications are summarised in the

Sample Concordence at the close of the work.

As has been indicated, the lithologic changes in the stratigraphic
columns are difficult to determine in the field, and thus the
identifications are uncertain. As a prelude to laboratory technigques,
an extrapolation of the technique of isopach mapping is described later
in this chapter. Although the method does not yield diagnostic
information on the tephra, it suggests whether or not the field
jdentifications made are reasoneble on the bacis of the thickness of

tephra calculated to have been depcsited.
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Sr-2:  Deserivticn of field sites for samnles of Tirzu and Mairos Ashes:

=

The gecgrerhical localities are indicated on Fig. 201, the seguence
for the Tirau Ash lying to the east of the Waikato-Haureki region and
thoce for Meirca Ash to the west and in the King Country. In addition
to these, samples were taken at other localities to provide 'standards'
whose identification was reasonebly certain. The nature of these
semples is indicated briefly in Table 2-1 and those that are used in

comperison and correlation work in this thesis are given in the Semple

Concordance.

TABLE 2-1: Nature of samples at collection sites

Site (Locality No. ) Samples Used Nature

Leslie Rozd (1)* 101-116 A, C Late Pleistocene tephra :
Okareka Ash to Rotoehu Ash
(Oruanui Format and Roteehu
Ash used in correlation)

Tirau (2) 201-206 B Tirau sequence of ashes
Findlay Park (3) 301-307 B Tirau Ash and Mairca Ash
underlain by Oruanui Format

308-3C9 c Rotoehu Ash

Perawera (&4) 01-406 B Mairoa underlain by Oruanui Ash
LO7-409 c loess? and Rotoehu Ash

Kzkepuka (&) 501-503% B Mairoz underlain by Oruanui Ash
504-505 c loess? and Rotoehu Ash

Mairoa (6) 601-606 B Mairoca underlain by Cruanui Ash

Pio Pio (7) 701 Rotoehu Ash

Haouturu (8) 801 c Orvanui Ash

Tapepa Road (9) 901-905 B Tirau sequence underlain by

Oruanui Format
Asn-pit Road (10) 41001-1003 A, C Ksharoa Ash

Whaka Forest (11) 4401-1115 A, C Tephra and paleosols, upper
' ’ Tirau Ashes including Rotoma Ash

Lokzutere 1701 c ( Possible correlatives of

Amberley 1801 c ( Oruanui Ash
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Grid references for the sites given in the Sawple Concordarce

enéd on Fig. 201.

A - hJ - 1 - - N - - - -

A : used as "standard" tephra in assigning dates, chemical compcsitions
etc.

B : used in resolution of problem of Tirau end Mairoz Ashes.

C : wused in long-range stratigraphic work.

For the sites of the Tirau and Mairoe Ash sequences, 21l sites
are in road cuttings under farm lard. The field data and profile are

given in Table 2-2.

TABLE 2-2: Site data for Tirau and Mairoa Ash depcsits

Tirau: Site 2: Sample 201 76 cm above base of Tirau Ash sequence

202 61
203 45
20, 30

205 base of Tirau Ash seguence

206 material under Tirau Ash sequence,
presumably older than 13,000 years (a),
but no evidence of its being one of the
marker beds.

Findley Park: Semple 301 30 cm below surface, very friable sandy
Site 3: loam
302 45 cm below surface, Tirau Ash

61 cm below surfece, top of Mairoe Ash

\N
o
N

(s0il processes operating)

30, 76 cm below surface, near base of Maziroca
Ash

205 91 cm below surface

306 106 cm below surface, a yellow pumice

possibly Te Rere &sh (b)
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207 124 cm below surface, identified as Cruznui
Formation (c) (a)
308 35 cm above base of Rotoehu 4sh (e)
309 basal Rotoehu Ash (marker bed) (e)
Parewera: Site 4: 401 45 cm below surface - Mairoa Ash
402 61 cm below surface — Mairoa Ash
403 81 cm below surface ) No apparent
LO4 96 cm below surface % field
405 112 cm below surface g difference
406 121 Oruanui Formation (c)
407 136 'loess' ()
408 20-25 cm above base of Rotoehu Ash (e)
409 base of Rotoehu Ash (e)
Kekepuku: Site 5: 501 30 cm below surface - Mairca Ash
502 .45 cm below surface - Mairoa Ash
503 61 cm below surface, Oruanui Formation,
marker bed (c)
504 76 cm below surface, 'loess' (f)
505 126 cm below surface, Rotoehu Ash, marker
bed (e)
Mziroa: Site 6: 601 33 cm below surface - Mairoca Ash
602 68 cm below surface
603 89 cm below surface
604 401 cm below surface - Orueanui Ash (g)
605 104 cm below surface, Oruesnui Ash
606 112 cm below surfece, material immediately
telow Oruanui Ash
Terara Road: Site 9: 901 15 cm ahove base of Rotcehu Ash
902 immediestely below Rotorua Ash

503 30 cm below Rotorua Ash

20, 61 cm



A
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307 124 cm below surface, identified as Crusnui
Formation (c) (a)
308 35 cm above base of Rotoehu 4sh (e)
309 basal Rotoehu Ash (marker bed) (e)
Parewera: Site 4: 401 L5 cm below surface - Mziroa Ash
402 61 cm below surface - Mairoa Ash
403 81 cm below surface ) No apparent
404 96 cm below surface % field
405 112 cm below surface % difference
406 121 Oruanui Fermetion (c¢)
407 136 ‘'locess' (f)
L08 20-25 cm above base of Rotoehu Ash (e)
409 bease of Rotoehu Ash (e)
Kekepuku: Site 5: 501 30 cm below surface - Mairca Ash
502 L5 cm below surface - Mairoa Ash
503 61 cm below surface, Oruenui Formation,
marker bed (c)
504 76 cm below surface, 'loess' (f)
505 126 cm below surface, Rotoehu Ash, marker
bed (e)
¥eiroa: Site 6: 601 33 cm below surface - Meirca Ash
602 68 cm below surface
€603 89 cm below surface
604 4C1 cm below surface — Oruenui Ash {(g)
605 104 cm below surface, Oruenui Ash
606 112 em below surface, material immedieately
telow Orusnui Ash
ad: Site 9: 901 15 cm a»ove base of Rotcehu Ash
902 immediately below Rotorua £sh

503 30 cm below Rotorua £sh

20, 61 om
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SG5 101 cm below Rotoruva Ash, Oruznui Ash
(bended) (h)

906 fine sand 20 cm above base of Oruznui Ash

member

Notes: (&) on the basis of Pullar (9567) op.cit.

(b) Te Rere Ash is an undated tephra of age arcund 20,000 years,
being stratigraphicelly between Okareka and Oruanui Ashes both of
which have 1LC dates of near 20 thousand years.

(¢) Oruznui Formmation is the name given to a widespread esh
ceposit of some 20 thousand years of age believed tc originate
rear Lake Taupo (see Sec. 1-3 and Chapter 12).

(@) Oruerui Formation and Rotoehu Ash appear in the strati-
graphic sequence as a white or yellow sandy deposit. Ciearly
the material has been much less weathered than the msterial that
beth overlies and underlies it, and it therefore persists as a
convenient marker even in lccalities where the bed is thin.

(e) Rotocehu Ash is ;he name given to a series of ash heds
erupted from two sources, near Lake Rotoehu and Matzhina some
;2,000 years ago (see Sec. S1-2).

(£) These deposits are so-named because of their textural
gifference from volcanicz ashes in general and anocmalous thickening.,

{(g) In this locality, the merker bed (Cruanui Formaticn) was
sufficiently thick to sample its upper and lower portions as
semples 604 and 605 respectively.

(h) At this locality there is a considerable thickness of
Oruanui Formation, comprising a banded deposit cf altermately
coarse and fine pumiceous sand cn & fine-grained base of vhiite
pumice sand, and is sempled from both layers as SC5 and SC6

respectively.
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PLATE 21

Jammled localities in Waikato district where
Tiru Ash overlies Mairoa Ash

it2 53¢ PFindlay Park

Tirau Ash
Mairoa Ash
Oruanui Formation

Rotoehu Ash

ite 4t Parawera

o

Mairoa Ash

Oruanui Ash
"]loess"

Rotoehu Ash
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PLATE 21

Sampled localities in Waikato district where
Tirau Ash overlies lMairoa Ash

Site 3: Findlay Park

Tirau Ash
Mairoa Ash

Oruanui Formation

Rotoehu Ash

Site 4: Parawera

e . - P

Mairoa Ash

Oruanui Ash
"] oess"

Rotoehu Ash
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PLATE 22

Sampled localities for lMairoa Ash in western
Waikato district and northern King Country

,ite 5: Kakepuku

. Tirau and Mairoa Ash
Oruanui Ash

- Rotoehu Ash

ite 6: Mairoa (type locality for Mairoa Ash)

_Mairoa Ash

- Oruvanui Formation
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PIATE 22

Sampled localities for lMairoa Ash in western
Waikato district and northern King Country

site 5: Kakepuku

Tirau and Mairoa Ash
Orvanui Ash

Rotoehu Ash

Site 6: Mairoa (type locality for lMairoa Ash)

_ Mairoa Ash

~ Oruanui Formation
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It is important to recognise that the identification given the
various samples in Table 1-2,.. mede on the basis of field evidence is
but tentative. The Oruanui Formation which is very ezsily reccgnised
in the field is taken to be a stratigraphic marker, and is assumed to be
correctly identified at a2ll localities. The stratigraphic relationships
of the samples relative to this marker are shovn diagrammatically in
Fig, 202, This diagram also indicates the relationship of respective
thicknesses of the Tirau end Mairoe Ashes at the various localities and
will be compared subsequently with that cbtained from consideraticns of

isopach data given in the literature.

In addition Taupo Pumice and Rotoma Ash and its basal lapilli
were sampled at a site near Waimungu, and Ksharoa Ash szmpled near Lake
Rerewhakaiitu. These are detailed in Teble 2-3 and are used only in

the tephrachronclegic interpretations in this thesis,

TABLE 2-3: Site data for Kaharoa and Rotoma Ashes and Taupo Pumice

Site o Tephra Sample
Wheka Forest 1101 Rotomahena Mud - Tearawera
(near Waimungu) eruption 1886
1103 Taupo Pumice - from paleosol
1410 Rotoma Ash
1115 Lapilli bed at base of Rotomz
Ash
Ash-Pit Roed 1001 upper 10 cm of Kaharca Ash
(Lake Rerewhzkaiitu) 1002 sempled some 30 cm above base

of Keharoa Ash

1003 basal 10 cm of Kahazroa Ash
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SLATE 23

"areat materials for Tirau Ash, tephra sequence
t Yoimungu Road from Rotomzhana Mud to the
-2g01 lapilli of Rotoma :~sh

Rotomahana Mud

Taupo Pumice

Rotoma Ash

3 -



PIATE 23

Parent materials for Tirau Ash, tephra sequence
at Weimungu Road from Rotomahana IMud to the
basal lapilli of Rotoma Ash

Rotomahana Mud

Taupo Pumice

Rotoma Ash

- 23b -



S2-3: The Variation of Tephra Thiclmess with lLaterzl D

s

stence

Y3

The thickness of a tephra deposit observed at a given locality is
a2 function of the initial mode of deposition , contributing factors
being the nature of the erupted material, the distance from the scurce,
weather conditicns at the time of eruption, and the subsequent effects
of weathering and peossible reworking. Reference tc isopach maps for
many New Zealand tephra shows that a given thickness generally occurs
at greater distances east than west of the projected vent, this
presumably results from the effects of the prevailing westerly winds.

Tt is interesting that the Rotorua Ash, one of the units that may make

up the Tirau Ash shows the reverse laterzl distribution. This meyr be
interpreted as the effect of an atypical easterly, in which case it is
suggestive that the deposited material is the product of a single outburst,
rather than a gradual accretion of several eruptions in a protracted

volcanic episode.

Another isopach distribution that is atypical is the Oruanui
Formation. In this case there is rether less directional influence
which is suggestive either that there was little wind at the time of
eruption or that the eruption was paroxysmal enough to negate such en

effect.

If a diagram of tephra thiclkmess versus distance is consigered,
as for example Fié. 203 for the combined Holocene tephra, it is readily
seen that an inverse relationship holds between these two variebies.

If this relationships has the form

h x(s™™)

where h is the thickness of tephra, s is the distance of locality to
source, and k and n are constants. This can be expressed as a

logarithmic function: logh = legk - n log s.
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Difficulties erise when plotting 2 function of this kind if the
value of n is not constant, but worse,since the function is undefined
at the source (i.e. when s = 0), the preccedure must be confined in its

epplicatien to tephra at reasonably large disiences from the source.

A preferable way of defining the parameter n for a wide range of

values of s is by the solutions of the differential equation:
-dh/ds = kh"
(where k and n are constants, but not necessarily the same as those
above). Now the solution of such a differential equation has been
shown by Powell (in Frost and Pearscn‘(1961)) to be capable of graphical
interpretation in terms of dimensionless parameters, These relation-
ships are usuelly used in the determination of reaction order in
reaction kinetic studies, but apply generally to any physical situation
defined by such a differential equatiocn. The dimensionless parameiers
in this case are the relative thickness (z) defined by:
z = h/ho

where ho is the thickness of the tephra at the source, and a distance
parexeter (v ) defined by:

¢ = k(ho-1).s.

For any given value of n there is a unique relaticnship between
z and/fénd typical plets are shewn in Fig. 204, £, then, values of
z are plotted as a function of log ¢, this experimental curve will match
one of the theoretical curves, except that it will be displaced along
the (-axis by an amount - log koh§-1.- If the value of n is itself e
function of ¢, then matching portions of the curves shoulid still be

able to be found.

1ots of z as a function of log@are given in Fig. 205 for various
directions of the distribution of Holocene tephra for which the isopach
map is given by Pullar (1967). Superposition of the theoretical curves

of z versus ¢ , indicates that at large distances from the source n = 2
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and the thickrness is thus a direct inverse of distance, for rather
lesser distances n = 1.0 and the thickness is logarithmically related to
distance, and for smaller distances still there is fractional power
relaticnship. The approximate cut-off values for the range of z for

given n for the plots in Fig. 20S zre given in Tegkle 2-4.,

TABLE 2-4: Range of relative thickness for given n at various directions

from the generalised source of combined Holocene tephras.

Orientation. n-value : fracticnal n=1.0 n = 2,0%
Reletionship : Y =m (/h_ )k 1/h - 1/ho - ks
(1/11-1)(1/hn-1 - 1//112”1) = kg

Range cf 2z
E 0.3 0.3 -0 -

E 0.5 0.5 -« 0.1 0,1

NE O O - -

N 0.3 0.3 ~ -

NSW 0.1 0.1-0 -

N® 0.5 0.5 -6

Lnyg 0.26 0.16 - 0.26 0,16 = 0

w 0.50 0.60 - 0.10 0.10 - 0

WSW 0.6 .62 -~ 0 -

S indeterminate -

SSE 0.8 0.8 - 0 -

SE 0.6 0.6 - 0.1 0.1 -0

ESE 0.6 0.6 - 0,02 0.02 - 0O

= Data not aveilable at sufiiciently large distance from source to

determine whether n exceeds 2.0
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From Table 2-4 and Pig. 205 it is readily seen that there is a
change from & logarithmic to reciprocal distance relationship at iow
values of z, (that is greater distances). The value of z 2%t which
this cccurs is a function of direction, being larger for more northerly
oriented deposits. This variation almost certainly is caused by the
prevailing wind, Thet it is due)to this and not just to accretion

a

of Taupo material frem the south can be shown bty plotting z versus log
s curves based on Vucetich and Pullar's (1969) isopach map of Oruanui

Formation. Such points are indicated by crosses in Fig. 205 and are

seen to follow the same trends as that already established.

In that the distences from the prcjected sources to the sampled
localities is large, and the values of z for the tephra postulated as
contributing to these deposits is small (for the Holocene tephra of
Pullar, z is less than 0.1) it is reasonable to use the relationship
forn = 2, that is

1/h-‘i/ho = ks

whence it cen be showmn that 1/s « h.ho/(h0 - h)

For small values of z, ho is very large compared with h and thus
the thickness of the deposit is proportional to the reciprocal of the

distance from source.

On this basis the thickness of the Holocene teprhra (up to 15,000
years of age) from the Okataina volcanic centre at the sampled localities
can be estimated, using an h versus 1/s plot in a westerly direction.
Similarly the corresponding thickness of the combined Oakura and Ckato
Tephras cen be obtained from a plot in a north-easterly directicn from
¥ount Egmont (Fig. 206a). These derived thicknesses are given in

Table 2-5. Also shown in this table are the thiclmesses of the Te Rere

».

Ash and Okareka Ash at the localities. These are based on the isopach

(a) The isopach map given in Pullar (1967) suggests thet all the erupted
material originates from the Okataina volcanic centre. Since Taupo Punice

is included in this distribution, this is an approximaticn.
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maps of Vucetich and Pullar (1969) and underly the Holccene tephre of
Pullar (1967) but overlie the Oruanui Formation. Thickness-distence

plots for these last tephras are given in Fig. 206b.

TABLE 2-5: Przdicted thicknesses of tephrz at selected localities:

Tephra: Holocene Okareka Te Rere Oakura and
Thickness-distance - tzphves Ash* Ash*  Okato Tephras
plot: Fig.20ba Fig.206b Fig.206b Fig.206a
Direction* N.T. N.W. N.¥. N.E.
o @ O ' &
Locality* Distance from| Thickness Distance from Thickness
kataina source (h/cm) Egmont source (h/cm)
(s/1m) ('s/3m)
o) ® O ®
Findlay Park, 69 60 22 22 190 27

Waiketo district

Tirau, Hauraki 60 70 24 2 206 25
district

Parawera, 86 50 19 19 179 30
Waiketo district

Kakepuka, 103 25 15 i5 172 20
Waikato district

¥airoa, King 127 o 13 13 129 L0
Country district

Tapapa, Hauraki 55 80 30 30 241 2
district

Notes: * Deviation from linearity higher for these tephra because the

isopach lines correspond to a higher value of z (relative
thickness) than is the case for the other tephra considered.
+ being the direction on the isopach map for which dats is

used to plot figure.
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+ These lccelities are chosen as the sites from which seoples

ere collected, see Chapter 2.

This data is plotted in Fig. 207, where it would appear that the
"Egmont showers" are sufficient to contribute even to the deposits on
the Kemzku Range and further that the ejectaments from the Okataina

centre contributes to the total thickness at Mairoa.

It is important to note, however, that this is but an idealised
consideration and takes no account of local variation caused by
reinsceavenging and the effects of weathering and wind. The concept is
of use however in assessing whether field identificaticns are likely to
be correct, as is shown in the stratigraphic sequence field data
superpcsed ocn this data. One further point of note is that the
materizl from Egmont is shown on Fig. 207 as underlying the Holocene
tephra deposits. There may, in fact, be interdigitation of the
deposits from the two courses; but the total thickness will still tbte

comparable.

In the interpretation of the observed stratigraphy in relaticn
to the estimated thicknesses of the deposits it is probable that the
member of the "Egmont shower” lowest in the stratigraphic sequence
predates the oldest Holocene tephra-bed, and certainly the upper
Holccene beds are younger than the youngest "Egmont shower." This is
not tc sey that the deposition of some Mairoa Ash does not post-date
some Tirau Ash at some stage within these limits. Thus, sample 3C4
near the base of the Mairoa Ash (as identified at Findlay Park) is
likely to be predominantly "Egmont," but sample 401 2lso identified in
the field as Mairoa Ash is not, on the basis of Fig. 207 to be
necessarily considered as incorrectly identified and, in fact, en

Okztaina-derived Holocene tephra.
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It

bl

s noteworthy that the predicted and observed thiclmesses
concur well for the more eastern of the sites of the ¥Weike
(viz. 2, 3, L), For site 5, (Xakepuku), the precdicted thiclness
exceeds that observed: this mey be explained by erosion. At Mairoa
itself, the observed thiclness is greater than predicted, for which the
nost likely cause is incorporation of other material by lccal rewo rking

or perhaps by accretion of material from the Tongariro Velcanic Centre.

S2-4: Conclusion:

In this section the geographic locality of the region under study
in relaticn to the reccgnised sources of late Pleistocene and Holocene
tephra has been éiscussed, and possible correlations of the Tirau and
Mairca Ashes considered. On the basis of idealised thickness
relationships it appears that at least two sources for the Tirau and
¥airoa Ashes are invclved; one being Egmont, where the most likely
centributions (having regard to the likely chronology of the deposit s)
are the Okato and Ozkura Tephra; eand the other being the Ckataine
Volcanic Centre. HMinor discrepencies between observed and predicted
thicknesses of deposits do not entirely rule out the possibility of the
ecereticn of material from the central volcanic region. Subsequent

chepters will develop further the distinction between the two seguences

end the relastionships to the proposed parent materials.
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CEAFTER 3: Review of Technigues in Tephra Correlation:

S3-1: Introduction:

Much tephra correlation has been achieved in the past by field
data. The presence or zbsence of certain mineral components or
lithologic features has been the principal criterienused in identifi- )
cation. From these in situ cbservations the distribution of the
tephra have been computed on the basis of observed thickness. From
such data the areal extent, voclume, and source may be determined.
However such a methcd requires that the tephra unit is, in fact,
identifiable in the field, and thus in its strict applicability usually
is testricted to regions sufficiently close to the source that the
thickness of tephra is at least 15 c¢m, unless there is some specific
diagnostic criterion which persists even in very thin deposits {as,
for example a drematic difference in colour). As has been shown in the
previous section, the technique can be extrapolated to predict thick-
nesses of tephra in regions where they are not easily identified.

This is, however, certeinly no proof of the existence of these tephra
in such localities since, as Wilcox (1965) indicates, there may te
"ma jor irregularities caused by local rainscavenging of the eruptive

cloud end by water re-working of the original deposit.”

This section, (Part II), then is devoted to describing, end devel-
oping teclmiques by which tephra may be characterised, and specifically
this chapter describes and reviews technigues that have been previcusly
applied. In fact the techniques fall into two brcad categories, those
that involve characterisation of the whole tephra and those that involwve
the separaticn of specific components and charactericing the tephre on
the basis of the presence of such components or on the basis of some
prhysicel or chemical parameter essociated with that compcnent. The
relationships of such methods are indicated in Fig. 301 below, and are

« discussed in some detail im subsequent sections of this chapter.
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S2-2: Whocle Terhra Wethods:

The mapping of tephra by isopach mapping is of course a whole
tephra methed. Such a method implies some cther criterion is available
to identify the tephra. An example of this is how the presence of
chalatoidites is used as a diagnostic indicator of Oruanui Ash, as
described by Vucetich and Pullar (1565). In a more general way the
presence and proportion of specific minerals has been used as an
indicator for tephra. Ewart (1566) and Cole (1969) have found thet in
New Zezland the mafic mineral assemblages of tephras are usually
distinctive near the source, although Wellman (1962) found such an
approach less useful at greater distances. Generally, however, such
investigations are based mcre on field evidence, end rely on the presence
of certain diagnostic minerals rather than the assemblage. For mafic
minerals, Pryor (1969) and Nelson and Cochrane (1970) have described a
"fingerprint" method using x-ray diffraction. While this dces not
ezploy the complete tephra unit, in that the methcd does not involve the
separation of a specific component, it is included here. An anzalogocus
method could be suggested for the felsic minerals (feldspar, quartz, ete)
but is complicated by the presence of glass. This renders the use of
x-ray diffraction impracticable but infra-red spzctrescopy is a viabie
proposition. Infre-red spectroscopy has been used te study whele
soils (Fieldes et al. (1972)) effectively by censideration of the

different clay minerals formed from tephra cf various ages.

Certain techniques are applicable because of the specific nature
of the deposit: flow deposits have been charecterised on the basis of
their bulk porosities (Ross and Smith, 1961) and pumices have been
characterised on the basis of their ferromegnetic minerals (Momose et

al., 1968).

Chemical analysis of whole soils and tephra units has been used
‘(Jack, Lzjole and Carmichael, 1967) but is unlikely to be useful over a

wide area, because as Wilcox (1965) points out:
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"Chemical analysis of whole samples of ash deposits are gencrally
not helpful for correlation purposes because variations within
the seme deposit resulting from differing amounts of primary
phercerysts may be greater than the variation between separate

ash deposits."

This is, in fact, the essence of difficulty with all whole tephra
methods: that there may be significant mineralogical differences over
the geographical extent of the ash. This objection may be lessened by

the use of single-component methods as outlined in the next section.

S3-%: Single Component Hethods:

ittention is being increasingly focussed on the physico-chemical
prorerties of particular minerals, but there has been little attempt to
extend already-known techniques or to apply techniques from other fields
of study in such characterisaticn. A particularly useful component of
tephre for this purpose is volcanic glass; and in this thesis technigues
used for characterising this material are reviewed and extended. In
some cases these techniques are improved to the point where the errcr
essociated with the technique is less than the mean discrepancy of the

peremeter obtained by replicate determinations.

Tt should be noted that, in attempting identification and
correlation of tephrz by the use of parameters affecting one particuler
component, the assumption is made that the component is invariant of
site. Wilcox (1965) in this regard, notes:

", .... if one constituent can be concentrated in sufficiently

pure form ..... its chemical analysis is comparable from one

seaxple to the next."

While this may be true for some chemicel elements and physico-
chemicael properties, it is not universally true, particularly those for

which leaching and hydration effects mey be important. Of particular

note in this regard are the iron contents and refractive indices of
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glass, which may be expected tc be deperdent on conditions preveilin
<. s - 2 N - - - - - -~ P
at the site since depcsition. Such effects will be described in detail

in subsecuent chapters.

One further note of caution needs to be sounded. The identity of
two samples may be apparent rather than real, being simply due to the
lack of precision in experimental technique rather than in an irherent
iderntity. Again, an approprizte example of this is refractive index.
Steen and Fryxell (1965) claim that glasses may be identified on the
basis of identity of refractive index, measured to three decimai places
(i.e. ¥0.003). Howiever, by sc doing, the effect of hydraticn of the
gless which changes the refractive index by up to 0.C02 is neglected,

and fallacious correlations would thus be possible.

However, the success claimed in correlation by compositions of
mincr and trace elemenis in glass (Rankin, 1973) and titanomagnetites
(Kohn, 4S70) suggests that "lateral™ variation in the physicc-chemical
parazeter is usually of seccondary importance, and likely to be
obsiructive in tephra correlaticn only where compositional differences
between the minerals involved are exceptionally smell. To this extent,
glesses reflecting as they do the magmatic composition at the time 5f
eruption are probably likely to show significant differences between
varicus eruptions, these differences being sufficiently great to render

es minimal the post -eruptive effect on composition.

Since it is usual for any radiometric date to be achieved by
analysis of a specific mineral, it is useful to consider dating
technicues that mey be applied to volcanic glass, and attention is now

turned to this.

S3-i: Dating Technigues:

Nost deting of Pleistocene and Holocene tephra in New Zealiaznc has
been done by radiocarbon methods. Such a methcd is only of use where

the thickness of material erupted is sufficiently great tc overwhelm



trees, Of this Vucetich and Pullar (1S69) write:
1 “~
"The cegree of agreement betwsen the ages of the QC samples and
the deposits varies considerably. Dated materials giving best
agreement are wood charred by the ash or peat immediately below

the ash-bed."

Accordingly, except in areas where thin tephra beds are underlein
by peat, the thinly bedded deposits cannot be reliably dated by radio-
carbon techniques. Other radiometric methods are available, but in
the N.Z. literature few dates from these techniques are menticned.
Ccenceivably, such dating techniques could be applied successfully to
N.Z. glasses, as in fact has been done elsewhere (for example, Robinson
and Marvin (1967))- Some interest has been shown recently in fission
track dating of Pleistocene volcanic eruptions recorded in deep sea

sediments (Ninkovich, 1968; Fisher, 1969; McDougall, 1971).

Nevertheless much dating has and, undoubtedly, will continue to be

éone by indirect correlating methods. 4An example of such is the
jdentification and deting of late Pleistocene tephra in turbidites off
Hawke Bay on the east coast of the North Island of New Zealand (Lewis
and Xohn, 1973). Here identification and dating was achieved on the
besis of titanomagnetite compositions. Another indirect method involves
the amount of glass that remains after weathering. Ruxton (1968) noted
that there was a relation, analogous to first order kinetics between
glass contents ard radiometric age. This technique is modified and
extended to give tentative dates for the formation of the Tirau and
Mezirca Ashes. Such a technigue, of course, requires reference to dated
tephra vhiere the glass can be similarly extracted, just as do methods

mentioned above that involve correlaticn by composition.



S3-5: Concilusion:

The purpose of this chapter has been to review the principal
approaches that have been used to identify and correlate terhra.
The rexaining chapters in this part of the thesis will critically
examire some of these techniques and assess their usefulness with

particular reference to the problem of the Tirau and Mairoa Ashes.
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CELPTIR L: The Identification end Removal of Glass from Tephras snd

Soils

Si-1: Intrcduction:

As indicated previously, a particularly useful component in
tephrostratigraphy is volcanic glass. The presence of glass in the
field is usually teaken as indicative of the bed's volcanic origin, but
in order to be of use the glass must be removed and cleaned of impurities.
The gless in tephra is of two types, a low density glass and one of a
higher density. As will be shown, the fomer can be removed without
significant difficulty, whereas the latter is intimately mixed with the
felsic minerals, and, in particular, with quartz and feldspar. In this
chapter techriques are described for the isolation of the low density
(rhyolitic) glass and for the identification and estimation of the

higher density (andesitic) glass.

S.-2: The Recovery of Rhyvolitic Glass from Soils:

The first stage in the isolation of this glass is the liberation
of the primery mineral grains from the surrocunding matrix of allcphanic
clay. Chemical techniques for this process are described elsewhere (1)
but ulirasonic cleaning is alsc effective. To safeguard against the
possibility of the differences in a physico-chemical parameter being a
function oi' cleaning procedure, as was claimed of' the refractive inrdex
by Steern and Fryxell (1965) it is important that this process be as

stendardised and reprcducible as possible.

For the present purpose a Kerry ultrasonic probe was used &t
maximum frequency and intensity settings on a slurry of about 100 grems
of dried ash crushed through a sieve of opening 250 microns in some 100
ml of water. The slurry was normally subjected to ultrasonic vibraticn
for sbout five minutes during which the slurry was kept agitated with a

magnetic stirrer. (2).
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(1) By this meens some of the magnetite wes lost, and the mefite
fraction of the sample is therefore slightly underestimated.

(2) This is purely on the basis of appearance: these "less weathered"
seamples usuzlly gave a pale brown or yellow slurry when mixed with
water, whereas the "more heavily weathered" sample gave a dark

brewn slurry usually of higher viscosity.

The precise time needed to remove the allophane adhering to the
mineral grains depends on the amount of these present: 1lesser weathered
searples with larger mineral grain content tzking rather less time than
the more strongly weathered soils. The grains were then allowed to
sink to the bottom of the ccntainer and recovered from the overiying
allorhenic suspension by repeated washing with warm water and decanta-
tion. The grains were finally washed in acetone and set to dry under
a heat lemp. The loss in weight during this extracticn procedure is
largely that of allcphane, although inevitably small amcunts of finely
divideé non-zllophanic mineral grains are lost. It would be expected
that sampies that have been subjected to active soil~forming processes
would show a lower yield of non-aliophanic material than that tephra
protected by rapid burial. This can be demonstrated in the profile at
Whaks Forest (site 11) where the yields are lowest at the top of the
recognised paleasol and higher at the base. This data is presented in
Table L-1. A similar effect is observed in the Oruanui beds at Tapapa

Road (samples 905 and 906).
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TABLE L-1: Yield of Non-0lay Material as a Functicn of Positicn in

Stratigraphic Sequence.

Sazple Yield (%) Stratigraphic Relationship
1101 28
1102 50 top of Paleosol
1103 75
1104 73 parent lapilli
1405 57 'A' horizon of paleosol
1106 46
1107 51
1408 63
14110 59 'A' horizon of paleosol
1111 71
1112 65
1113 57 ) reverse trend may be due to differing
1114 51 ; weathering regimes, ground-water flow, etc

As can be seen in the lower part of the Whaka Forest profile,
other factors may modify the effect of burial, specifically & cheange in
the weathering regime, and changes in the ground water flow (particularly
if leteral flow becomes appreciable). These effects are discussed more

fully subsequently in Chapter 6.

The yields for the samples malcing up the Tirau and ¥airoa Ash
secuences are given in Table 4-2. It will be clear that there are
marked differences between sites, if the yields for the Oruenui and

Rotoehu beds are compared. Also shovn are scaled yields on the basis.
L]
of Oruznui being 1.0.

<
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TABLE 4-2: Yields of Non-C e t i
1ds of Non-Clezy Kszterial in Seguences of Tirau and Kairca

Ashes

Sample Yield (%) Scaled Yield  Sample Yield (%) Scaled Yield

901 2 0.65 401 16 0.94
$02 20 0.5 402 11 0.65
903 17 0.47 4035 7 0.41
904 1, 0.38 LOL 1 0.65

(905 28 0.76 405 20 1.17
(2)(s08 L5 1.21 (2)406 17 1.00
407 16 0.9
201 16 (e) 108 2L 141
202 8 (b)409 58 3.40
203 5
204 5 501 8 1.1
205 40 502 6 0.86
206 4 (a)503 7 1.00
504 8 1.1
301 21 0.41 (v)505 12 1.71
302 20 0.38
303 12 0.33 601 37 1.42
30 9 0.2 602 38 1.15
305 26 0.50 603 37 1.12
306 9 0.24 (60 42 1.28
(a)307 52 1.00 (a)gsos 2l 0.73
308 22 0.42 606 3k 1,00
(v)309 43 0.82

Notes: (a) field correlation: Oruanui Ash

(b) field correlation: Rotoehu Ash

(¢) sequence not accessible to Orusnui and Roteebu, so scaled

yields not determined.



- L2
It is of interest that the scaled yields for Mairoca Ash appear tc
be larger than those for the samples from the Tirau Ash sequence, and
that in spite of the higher rainfall at most of the sites for Mairoa
Aish, it has a low clay content. The low yields for the samples et
Tirau (site 2) and Kakepuku (site 5) can probably be linked with lateral
ground weter flow (see Chapter 6); since the yields are all lower than

expected, even sample 503 (which is believed on field evidence to be

Oruanui Ash).

After the separation of allophane, various mineral classes were
separated by density flotation in heavy liquids assisted by centrifuga-
tion. Various modifications of the basic ideas have been made, as
discussed by Mershall and Jeffries (1945) and Muelier (1967); in the
present case cocnstricted centrifuge tubes have been used, employing a
rubber stopper attached to the end of a glass rod to close the constric-
tion to facilitate the separation of floating and sinking grains.

itially a 78% solution of acetone in bromoform of density 2.42 gm/ml
was used, in which rhyolitic glass floated and all other minerals sank.
These latter grains, upcen recovery, were subjected to the same treatment
but using bromoform itself (of density 2.86 gm/ml). In this case the
mefic minerals sank and felsic minerals such as guartz and feldspar
floated. The recovered fractions were all washed with acetone to remove

any remaining bromoform and were then set to dry under heat lamps.

Such techniques have the inevitable result of generating large
volumes of bromoform-acetone mixtures of density too low for regeneration
as a density separating reagent by adding further bromofocrm. The most
effective means of recovery appears to be to wash the bromoform with
water, thereby removing the acetone and subsequent drying of the product
with fused calcium chloride (Muller and Burtcn, 1965). The recovery of
bromoform can be enhanced by using a sweat-box, modified after Weo
$1964), to recover the bromoform from the calcium chloride. The purity

of the recovered bromoform can be assessed by its density, or more
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rapidly by its refractive index. The apparatus used in this thesis

to recover bromoform is shown in Fig, 401,

Tre rhyolitic glass was subsequently purified magnetically to
remove any iron~bearing weathered products of low density. For this a
Frentz megnetic separator was used, with a forward slope of 200, a
side~-slope of 100, and a magnet current of one amp. On the basis of
a nomogram of Hess (1966), the pure glass, invariesbly white or pale
yellow in colour, is essentially non-magnetic. With some samples,
particularly of Mairoa Ash from Mairoa itself, considerable brown magnetic
materizl was removed in this way. This material gave no significant
x-rey diffraction peaks (A.G. Hogg, pers. comm.), but differential
thermal analysis curves were suggestive of gibbsite (N.B., Milestone,
pers. comm). This last possibility is inconsistent with the material'’s

magnetic properties unless it is contaminated with hydrous iron oxides.

Si-%: The Identification and Estimation of Andesitic Volcanic Glass:

£n azndesitic glass would be expected to resemble in compositicn
the plagioclaée feldspar andesite. On this basis a silica percentage
of some 60% is expected (Deer, Howie and Zussmen, 1967). A& comparison
of plots of density and refractive index as a function of silica content
(for example that of George, 192,) with similar data for quartz and
feldspar {van der Plas, 1966) suggests that this material would be hard
to separate physically. An instrumental method for confirming the
presence of this glass and for its guantitative estimation was sought:

infra-red spectroscopic investigation proved feasible and is now

described,

The use of infra-red spectroscopy in studies of vitreous material
has long been recognised. Simen and McMahon (1953) wrote:

"One of the most significent uses of the infra-red method is its

2bility to analyse for amorphous materials such as glasses,

hether these are natural volcanic glasses like obsidian or

synthetic glasses like pyrex."
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In mineralogicel studies, infra-red spectrsecopy wee applied in
the determination of properties of quartz and vitreous silica (Gaskell,
1966; Yanagase and Sugionhara, 1970), and also in the detemination of
structural analogues of glass (Wong and ALngell, 1570). Of greater
significance, minerzlogically, however, was the application of the
technique to clay minerals (Fieldes, 1955). Fieldes, Furkert and Wells,
(1972) subsequently gave the infra-red spectra of "glassy rocks and
primary minerals"” and "amorphous and crystalline clay minerals" and
these are reproduced in Fig. 402. From this diagram it is clear that
in order tc use infra-red absorption to identify glass it is necessary
to pretreat the sample to remove clay minerals. Further in order to
determine andesitic glass, it is necessary to ensure that the sample is

free of rhyolitic gless.

The technique of separation of mineral grains as described thus
{far has separated the rhyolitic glass, the clay (allophane) and the mafic
minerals, thereby leaving in one fraction feldspatic and siliceous
minersls and such ancdesitic glass as may be present, This glass wpuld
be expected to show an absorption spectrum similar to that of rhyolitic
puzice on Fig. 402. Infra-red spectra of representative felsic
fractions (Fig. L03) show this similarity suggesting that glass is
present, but this is more readily appreciated once the quantitative

aspects of the spectra are recognised.

The quantitative nature of the infra-red absorption pattera has
been described by Lyon (1967) as:

"Glasses possess 'molecular' structure and thus show infra-red

spectra where patterns change with composition and progressive

ordering (as in the beginning of crystallisation). Glasses can

often be treated, therefore, as separate phases where infre-red

spectra appear in addition to those of any crystalline material

a present."
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llore specif'ically it has been stated that “from standard celibration
curves obtained by using individval pure minerals, and with the 2id of

synthetic mixtures of the diegnostic minerals, the quantities an

7]

types
of minerals present in the unknowm semples can be repidly determined”

(Lyon, 1963).

The difficulties of quantitative analysis by infra-red spectros-
copy are practical rather than theoretical. Most authors make use of
potassium bromide discs, using a standardised preparative technique to
ensure reasonable reproducibility (Lyon, Tuddenham and Thompson, 1959;
Duychaerts, 1959). Reference is frequently made in studies of this
kina to the difficulties in reproducibility, arising from the grinding
of the sample. It is claimed by Fieldes, Furkert and Wells (1972),
for exemple, that the ebsorption peaks of quartz become more proncunced
with grindirng. More typical, however, in the observations of Fieldes
and Furkert (1566) that peazk heights become less marked with increased
grinding. This is usually attributed to a loss of crystal structure.
Cleariy this grinding problem becomeséven more significant when mixtures
of minerals of differing hardness are involved. In the present study
synthetic mixture of borosilicate glass or rhyolitic volcanic glass were
required to be mixed with quartz or feldspar. The glasses are much
harder than the latier minersls, and it was found that unless the mixture
was heavily ground, the potassium bromide disc contained inhomogeneities
presumebly caused by the glass. If the mixture was ground sufficiently
to produce satisfactory discs without such inhomogeneities, much
of the feldspar ebsorption was lost. For this reason, and also for
reasons of time, recourse was made to the use of nujol mulls, This
technique has not been widely used in mineralogical work but has been
employed quantitatively in organic chemistry, as for example by Barnes:

(1947) in a study of the structure of penicillins.

Quantitative analysis using the disc preparative method is usually

achieved by interpolating the sample's absorbance on diagnostic wave-



- LE -
lengths on curves derived from standard spectra. Frequently it is
suflicient to compare relative intensities of appropriate absorpticns,
(Fieldes, Furkert and Wells 1972; Lyon, Tuddenham and Thompson, 1959).
in either cazse the methecd of preparation is such as to produce discs of
consistent thickness. Thus, if the incident infra-red radiation is
considered to conform to the Beer—Lambert law:

log (Io/I) = €c a
where Io and I are baseline and peak intensities respectively, € is
the extinction coefficient and d the thickness of the disc, then z plot
cf absorbance, A as a function of concentration,c,should be linear.
For mulls however there is the added complication that the mulls may
vary in thickness. Barnes (1947) suggested the use of an internal
starndard whence it could be shown that:
(log (Io/I) sample)/(log (Io/I) standard) = const x
concentration

Thic is to say that the concentration of a particular component was
the ratio of the absorbances of the component and of the internal
standard, whose proportions are known by setting up appropriate
standards. The difficulty in mineralogical applications cf this
enzlytical technique is finding an internal standard whose principal
absorption @iffers significantly in wavelength both firom the silicates
being determined and from the mulling sgent,and whose subsidiary
absorpticns are such as to negligibly complicate the spectra of silicates
by absorbing at their diagnostic wavenumbers. As can be seen from
Teble 4-3 and in the typical spectra of feldspethic and siliceous
minerals reprocduced in Figs. 402 and 403, such a standard would
conveniently need to have its only significant absorption at a wavenumber
highker than 1500 cm"1. There was found to be no suitable compound to
use in this way and thus it was decided to use an absorption given by

211 silicates (namely the Si-0 'stretch’ absorption) as an internal

“standard.



TABLE 4~-3: Principzl Abscrption Wavenumters for Feldspathic and

Siliceous Minerels

liineral Diagnostic wave- Diagnostic wave- Other
number for quan- number (not absorptions

titative analgsis guentitative)

(3 /6™ (7 fenH®) (7 /o™

rhyolitic gless )

g spectrum characterised by absence 800, 1050
andesitic glass of absorptions other than at

quartz 650, 795 ca 500 1080
feldspar 580 540, 620 980, 720-780

(a) These wavenumbers used in the calibration curves described in
Sec. 4.
(b) These wavenumbers are diagnostic for the mineral but the
absorbances are usually toc low to be used gquantitatively.
-1

(¢) INNote that a1l silicates abscrb in the regions 800 cm = and

1000 cm—1.

From Table 4-3 it is clear that since all silicates absorb at
around 10Q/cm_1, the gbsorbance fcr this brecad peak can be considered,
at least to a first epproximatiocn, as representative of the totel
silicate. Thus the ratio of the absorbance of feldspar and quartz at
their respective diagncstic frequencies to the total silicate ebsorbtance
is expected to be a linear function of the concentration of feldspar
end quartz relative to the total silicate. The calibration curves
subsequently described are based cn this premise.

-

mhat all silicates absorb in the region of 1000 em | is a property
that lends itself to semi-quantitative interpretaticn. In general, the
lower the proportion of quartz and feldspar the broader is the abscrption.
There is some tendency for the wavelength associated with this peak to bLe

slightly composition-dependent. This was estzblished by comparing the



srectra from varicus synthetic mixtures of siljcates. However, there
s - . -1

1s a secondary absorpticn at 413G cn , ®hich is independent of
compesition and it is at this wavenumber that the absorbences for the

total silicate absorption have been calculated.

Si-4: Calibration Curves for Infra-Red Analyvsis of Felsic Minersls:

lixtures of glass and orthoclase were prepared by weighing cut
appropriate amounts of the materials, followed by intimete mixing and
grinding. A mull was prepared of the whole specimen, and then the
infra-red spectra of the mull contained between potassium bromide
windows was obtained. For the glass portion of the mixture, rhyolitic
velcenic glass (extracted as previously described) was used. £Lithough
this differs compositionally from the andesitic gless the technique
seeks to detemine, the infra-red spectra are taken to be the same,
infra-red spectra being rather more a function of structure than
chemicel compesition. Typical of the spectra of these synthetic
mixtures are those presented in Fig. 40C4. From such spectra the
intensities are evaluated and hence the absorbances obtained. In the
anzlysis the backgrcund intensity is teken to be that intensity at which
the lire joining the upper regicns of the peak intercepts the wavenuaber
in question. This is shown diagrammatically in Fig. 405. The ratio
of the absorbances of the feldspar to total silicate ebsorptions are
ploitted as a function of proportion feldspar in Fig. 406 wherein it is
seen that the nature of any other silicates present is of no consequence:
in that there is no systematic bias or clustering of points corresponding
to a2 particuler type of synthetic mixture. ¥hen lirear regressicn

statistics are applied to the data the resuits given in Table L-L are

obteained.

The same analytical procedure can be applied to infra-red analysis
for mixtures containing quartz. In this case the procedure is compli-
cated by the nature of the diagnostic absorptions, whether the

absorptions should be considered as peaks in their own right or as



shoulders to reighbouring ebsorptions (see Fig. LO6). The results of

linear regression anzlysis of spectra of standard mixiures, the spectrel

[l

intensities of which have been modified as previously described are

given in Table L-.

m k) - T - - . - . - . o
TEBLE L-L: Linear Regression Statistics for Determinaticn of quartz

and feldspar in synthetic mixtures.

lineral analysis (M): feldspar quartz quartz quartz quartz
Wavenumber ( P /bm“1): 540 780 780 €90 650

Abscrpticn character: peak peak shoulder pealk  shoulder

Paremeter: Correlation
coeff * (r) 0.977 0.862 0.751 0.861% 0.955
Intercept (b) -0.C026 0.064 0.002 0.055 -0.C0%:

Siope (m) 0.CG4 0.00% 0.002 0.001 0.C009

¥ ry jis the correlation ccefficient for the strazight line ¥ = mx + b,

where Y is +the absorbance ratio and X is the mineral proportion.

Clearly for best results a relationship of high correlation

coefficient and high slope is desirable, It is apparent from Teble

L=} that for the 780 cm-1 peak, the calibration curve of absorbance

ratio versus concentration has a slcpe comparatle to that obtained for
feldspar analysis. The higher correlation coefficient that results
from treating the absorption as a peak in its own right indicates thet
this is the preferable analytical method. For the 6S0 cm-1 peak, the
correlation coefficient for the peak treated as a shoulder is much higher
tﬁan when treated as a peak in its own right, but the low slope of the

curve indicates that such analysis is of low sensitivity.
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S4=5: Coriclusion:

In this chepter procedures have been described for the recovery of
rhyolitic glass and for the detemmination of vitrecus compenents in the
felsic fraction, being those minerals of density greater than rhyclitic
gless (ca 2.42 gm.cm’.s) end less than that typical for mafic minerals
(> 2.8 gm.cm-s). Infra-red spectroscopy has been shown to be a
suiteble technique for the identification and determination of quartz
and feldspar in this fraction; the andesitic glass being taken to be
the balance of the felsic minerals. In the next chapter the relative
proportions of these felsic minerals and rhyolitic gless (herein
referred to as the leucocratic mineral assemblage) are considered end
in Chapter 6 the relative proportions of the two vitreous components

are interpreted in terms of a kinetics model for weathering.



The recognition of mineral assemblages has long been used to
differentiate terhre, particularly where different scurces are implicated
erd rreferably where different tephra are envisaged. In effect
correlaticn of tephraz on this basis makes the implicit assumption that
identity of characteristic assemblage indicates identity of strata.
While such an epproach is at risk of being prey to the Neptunist fallecy
(Eicher, 1968) concept is undoubtedly reasonable over a limited area,
wherein it is claimed (Fieldes and Weatherhead, 1968) that in spite of
possitle comminution and redistribution of the original material:

"in general sufficient material remains associated in sand

fractions to permit identification of the principal source

rocks."

In this chapter mineral assemblages are ccnsidered on the basis of
density and on the basis of the relative proportions of the leucocratic
minersls. Because of the doubts cast by Wellman (1962) on the use of

p2fic mineral assemblages little investigation has been made of these

in this research.

S5+2: Kineral Assemblages on the Basis of Density:

Pieldes angd Weatherheed (1968) give typical mineral assembleges
for rhyolitic and andesitic parent ashes, and these togesther with
typical densities are grouped in Table 5-1 in terms of glass, felsic
minerals, and mefic minerals, In this teble it is assumed that the
glass present in aendesitic tephra is largely andesitic and thus of a
density consistent vith that of felsic minerels, while it is taken that

the glass of rhyolitic tephra is taken to be rhyolitic and therefore of

lower density.”

* These density reletionships are considered in great detail in

Chzpter 7.



TABLE 5-1:

Mineral Assemblages of Rhyolitic and Andesitic Tephras:

Mineral Typical Density

/gm.cm-3
(a)

Rhyolitic Tephra

Andesitic Tephra

Mineral Class Class Mineral Class Class
Proportion Proportion Proportion Proportion

glass (Rhyolitic) 2.30(b) * 60(0) GLiSS ceesess 60 - GLﬁSS ceeeeaess O

glass (andesitic) 2.60(d) - ) 30(3} )

quartz 2.65 V.L. ; FELSIC ...... 30 V.L, g FELSIC .......70

endesine ca 2,69 - g § 4O g

alkali feldspar 2,56 - 2.63 30 ; - g

biotite 2.7 = 3.3 - ) 5 )

hornblende 3,0 - 3,5 1 ; 10 )

hypersthene 3.96 1-3 % MAgIC terteeees § 5 5 MAgIC B 10
augite-diopside 2.96 - 3,22 1 ) 5 i

ilmenite 4,70 - 4.78 - 5 1-5 g !
magnetite 5.20 1 g 1-5 ) I

Mineral and class proportions are expressed in percent whole tephra.



(a) unless otherwise siated, densities from Deer, Howie and Zussman (2)

(b)  evaluated by technique descrited in Chapter 7.

(c) ell glass in rhyclitic ash assured rhyolitic.

(a If endesitic glass reflects the plagioclase composition of
endesine, then iis SjQQ proportion is expectedly some 60%4. By
the plot of George (1924) of density versus $i0, content, this
gives a density of some 2.60 gm/ml. (See also Chapter 7).

(e) all glass in andesitic tephre assumed andesitic.

In Table 5-2, the proportions of minerals given are of the material
retained after ultrasonic cleaning and for comparison with the literature
values given, it is assumed that the ultrasonically cleaned material is
comparcble to the sand fraction of Fieldes and Weatherhead (1968). &s
is shown cn the literature-derived plots the proportion of mafic minerals
shows a relative increzse with age and weathering presumably due to the
faster weathering of glass and feldspar. From the plots of data, Fig 562
derived in this study it is seen that the marker bed, Orusnui Formation,
shows a greater proportion of mafic minerals in some of the more
westerly sites, This is probably a result of more intense weathering

at these sites. Thus, a strongly weathered rhyolitic tephra may tend

(2)

TALELE 5-2: Density Assemblages of Sand Fractions of Sequences of Tirau

and Mairoca Ashes

Sample PE %M PH
(%) (%) (%)

201 64t 29 7
202 62 29 7
203 75 20 5
20 65 27 7
205 68 29 3



TABLE 5-2: continued
Sexple P PN\ PH
(%) %) %)
206 35 55 10
301 63 2 8
302 70 2, 6
303 57 32 1
304 L3 52 5
305 11 73 16
306 L 48 8
307 60 Sl 6
L0 52 34 1
402 45 41 L
403 L5 L2y 11
1O 59 35 7
405 57 57 6
406 (b)

407 35 53 12
501 52 30 1S
19
502 %0 ol 7
503 30 20 20
501, o8 L7 2L
505 33 >3 “‘”
€01 (e) 40 49 11
5

602 (¢) 55 40
603 (c) %0 N 2
60% 65 i °
605 73 = l‘“
606 7 87 l‘



TAELE 5-2: continued

Sexmple

P P P
@) ) )
201 56 57 7
562 53 41 6
903 62 33 5
9C, 73 23 L
905 75 23 2
906 36 53 11

(a) the allophanic content of the ashes is thereby ignored.
(b) not zvailable.

(c) strongly weathered, zbundant brown glass.

to the same region of the ternary disgream as an adesitic one. Thus
density assemblages can distinguish with certainty fresh rhyolitic
tephra from other material, but is less able to resolve between an

ardesitic tephra and a weathered rhyolitic one.

A cleerer distinction between tephra types is likely if allcwance
is made for there being twe types of glass in differing proporiions and

this is described in the next sections.

S5-3: Leucoeratic Mineral Assemblages in Tephra Tdentificatiocn:

Using the analytical procedure described in the previous chepter
the proportions of quartz, feldspar and andesitic glassﬁthe leucocratic
mineral fraction may be found. This can be converted to proporticns of
endesitic glass, rhyolitic glass, quartz,and feldspar in terms of the
ultresonically cleaned material (the sand fraction) or to the original

ash. These proportions are shown in Table 5-3.
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TABLE 5-3:

Proportions of quartz, feldspar, andesitic glass, and rhyolitic glass in the ultrasonically cleened

product (sand fraction) and the whole sample for sequences of Tirau and Mairoa Ashes.

Sample Ultrasonically Cleaned Product Original Ash
Proportion Quartz feldspar Andesitic Rhyolitic Quartz Feldspar Andesitic Rhyolitic
glass glass glass glass
(Py/%)  (Pp/%) (PGa/%) (PGr/%) (y/%)  (P/%) (PGa/%) (PGT/Z)
201 8 20,5 0 46,2 T3 3.3 0 775
202 6.7 4.3 5.6 43.7 0.6 1.2 0.47 3.70
203 7.0 11.9 0 62,0 Ol 0.6 0 3.26
204 7.5 U 3.2 54.3 0ol 0.7 0.15 2.57
205 9.0 a5 2.9 53.6 0.9 1 0.29 5,20
206 16.3 22.9 1.6 2.8 0.8 1.1 0.57 0.12
301 5.0 1.0 5.6 36.0 1.0 2.3 1.2 7.6
302 3.8 9.3 8.2 32.5 0.8 1.9 1.6 6.5
303 7.1 W, 2 8.3 35.6 0.9 1.7 1.0 bo2
204 8.9 10.4 25.5 29.6 0.8 1.0 2. 2.7



TABLE 5-3: continued.

Sample Ultrasonically Cleaned Product Original Ash
Proportion Quartz Feldspar Andesitic Rhyolitic Quartz Feldspar Andesitic Rhyolitic
glass glass glass glass
(Py/%)  (By/%) (Pf‘:f) (PGrﬁ%) (Py/%)  (By/?) (PGa/%) (PG/%)
305 19.0 32.3 19.0 6.7 b7 8.0 L.7 1.6
%06 54 20.3 12,6 47.5 0.5 2.0 1.2 L6
3070U 5.5 1.9 13,2 45.8 2.9 6.2 7.1 2.4
308RE 10.3 30,8 27.2 9.1 2.3 6.9 6.1 2.0
309" b8 5.6 16,2 17.3 1.0 W7 135 Tyl
401 5.9 7.4 7.8 30.3 1,29 .98
402 8.3 17.8 13.6 23,0 143 2ol
403 10.9 i9.2 10.1 32.8 0.73 2.35
40l 9.3 15.6 7.5 46.5 0.84 5.20
405 9.0 19.2 7.9 4L7.0 1.60 8.35 .
406 - - - -

407 13.8 2ol 12,7 15.2 2.1 2.87



TABLE 5-

3:  continued

Sample Ultrasonically Cleaned Product Original Ash
Proportion Quartz Feldspar Andesitic Rhyolitic Quartz Feldspar Andesitic Rhyolitic
glass glass glass glass
(D) (B (B /(7 /) (D) (/A (e /) (5 /D)
;08" - - - - - - i} i
409"E 8.7  17.2 0 1.6 0 7.7
501 10.0 13,2 Lol 4.8 0.32 1.83
502 7.6 19.4 10.9 20.0 0.63 1.15
503> 15,2 25.3 6.6 16.5 0.48 1.1
504 16.9 19.8 8.0 12.5 0.70 1,09
5055 21.3 18,3 6.0 6.6 0.69 0.75
601 2.7 14..0 6.1 3.5 9.30 5.28 2.3 1.3
602 15 o4 13.1 1041 3.7 6.00 5.05 3¢9 14
603 18.6 12.2 22,3 134 4,02 2,64 4.2 2.9
60" 8.2 18.1 11,0 56.5 343 7.6 0.5  23.6
GOEOU 5.3 10.8 5.1 70.0 1.30 2.6 1.3 15.7
606 22,3 9.9 5.5 2.5 7.65 3 1.8 0.9



TABLE 5-3: continued.

Sample Ultrasonically Cleaned Product

Proportion Quartz Feldspar Andesitic Rhyolitiec Quartz Feldspar Andesitic Rhyolitic
glass glass glass glass

(B/B) (/) (B /B) (g /%) (pyB) (/%) (B /%) (P, /%)
a r a r

901 16 2 18 56 3.7 0.48 Lo 13
902 19 3 18 53 3.8 0.60 3,6 10.6
903. 16 5 12 62 2.7 0.83 2.0 10.3%
904 12 7 1 73 1.7 0.98 2.0 10,4,
9050U &* 8 2 9 74 g

( ) 2.3 0.57 2.6 20

3 2, 5 83

906OU 16 5 32 36 7.2 2.30 1. 16,2

Sample numbers superscripted OU are considered to be Oruanui Ash on the basis of field evidence,

those superscripted RE are believed to be representative of the Rotoehu -ashes.

\n
\C



Fieldes and Weatherhead (1368) give'mineral frequencies" for soils
derived from various terhra types, but do not distinguish between
rhyolitic and andesitic glass. Howéver the data suggest that the sand
fractions from soils of andesitic origin tend to heve higher quartz and
feldspar relative to their total glass content, than those of rhyolitic
origin. This can be illustrested by means of a ternary diagram; for
which the proportions of quartz, feldspar and glass for Table 5-3 are
sceled so that their total is 100%; and compared with the correspond-
ingly scaled data of Fieldes and Weatherhead (1968). This is shown in
Fig. 503, wherein it is clear that the samples of Mairoa Ash, especially
that sampled at Mairoa itself (samples 601 - 603) plot in the same
region of the diagram as the andesitic tephra from the literature, and

that the other ashes resemble the rhyolitic tephra from the literature.

An alternative representation is to plot the system: quartsz,
feldspar, ando-glass, and rhyo-glass as an orthogonal projection of a
tetrahedron (Ricci, 1966). Cn this projection each vertex represents
cne of the four components. If, as previously, andesitic tephras are
teken to contain andesitic glass as the principal glass, and rhyolitic
tephra, rhyolitic glass, the literature data used earlier can be again
employed to demonstrate the different parts of the diagram to wnich
different tephra-types plot. This is shown in Fig. 504, the arrows
indiceting the direction of increasing age. When the scaled data of
Table 5-3 is similarly plotted (Fig. 505), it is agein seen that the
Mairoz Ash appears to be andesitic, the Tirau Ash and members of the
Oruanui Formation rhyolitic, and many samples from the Waikato region,
as for example 303 - 305, 402 - 405, and 501 -~ 502 appear to be composite.
As an indication of the present-day composition of the remnants of the
tephra, the ratio of the rhyolitic to andesitic glass contents (R) is
useful. Probably preferable is the parameter o defined by the

equation: & = R/A(1 + R)
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since it takes the value O for a tephra that is totally andesitic and
1.0 for one that is rhyolitic. This "rhyolitic parameter" is presented
&s a function of pesition in the stratigraphic sequence in Fig. 506 and

in tzbular form in Table 6-4. From this data the following conclusions

emerge:

(i) that the Tirau Ash has a high value of o , suggestive of its
being a rhyolitic tephra

(ii) that the Mairoa Ash has a low value of e¢ , suggestive of
its being an andesitic tephra

(iii) that at the sites in the Waikato region, for samples above
the Oruanui Formation there tends to be a gradation from lower to higher

values of « as the stratigraphic column is ascended.

In using o« as a correlating parameter, the assumption is
implicitly made that the rate of weathering of the two glass types is
comparable, and further that the mode of weathering in each locality
has been similar. These aspects will be discussed in detail in

Chapter 6.

Angdesitic components of Tirau Ash have been recognised by Eirrell
and Pullar (1973) on the basis of examination of rhyolitic tephras "by
andesitic or besaltic constituents of the sand fraction such as andesine
Tfeldspar and augite," but they ‘do not give any quantitative estimate of

the extent of this contamination.

Thus the conclusion is reached, on the basis of present-day
mineral assemblages that the Mairoa Ash has a significant andesitic
component, that the Tirau Ash is dominently rhyolitic, and that samples
from localities in the Waikato region lying geographically between these

sequences at their type localities are ccmposite in character.
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CHLPTER 6: Dating of Soils on the Basis of Glass Contente:

SE-1: Intrccéuction:

Ls the primary minerals of which a tephra is composed beccme

involved in soil-forwing processes, there is a progressive decrease in
these minerals and zn increese in the amount of secondary minerals.
Principel among the latter are allophane and halloysite. Fieldes

(1955) showed a sequence of tephra of different age may display different
infre-red spectre of their derived soil depending upon whether gless,
allophane, or halloysite were present, see Fig. 601, and in fact,
prorosed a reaction sequence whereby gless weathers to ellophane and
thence to halloysite. Unfortunately, in the present case, the tephra
are not sufficiently old to give appreciable halloysite and the spectra

of a2llophane and glass are not really distinctive enough to use the

[

nfrz-red spectra of the soils as parameter indicative of age. However,

ct

here are sufficient primary minerals, in particular, glsss, to consider

]

m

ezction models for the loss of these minerals during weathering. In
this chapter, such models are developed for various reletive weathering

rates anc initial compositions of tephra and ages are evaluated by

reference to samples of known radiometric age.

I+ should be stressed at the outset that the method aims to
provide an estimate of the age of the tephra without the necessity of
relying on inference from stratigraphic relaticnships. Because of
the nature of this model and its attendant assumptions, the dates
provided should be regarded as tentative and representative of the
first ettempts at deting of the samples of Tirau and Yairoa Ashes

themselves.

S6-2: TFirst-Order Weathering of Volcanic Glass:

Ruxton (1968) has claimed that the weathering of volecanic glass
can be represented by the reacticn:
Glass + water————» allophane + sclutes

(with gas and ecids) (silica end cations)
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He asserts that since water is 2dded at a relatively ccnstent rete, and
the solutes are similarly removed, the rate of reaction is proporiional
to the concentration of glass in the deposit, and there is thus an
analogy with first-order reaction kinetics. His data on glass contents
for dacitic tephras of known age yield a relationship of the form:
-kt
cC = ¢ €
o

or equivalently: 1n c, = In c = kt
where ¢ is the concentration of glass by weight at time t, c, is the
initial concentration of the glass (at the time of the eruption) and k
is & ccastant. In this case ¢, may be readily determined since it is
considered that a1l the ashes of the sequence initially had the same
corpositien, and further that this composition resembled clcsely that of
recently erupted material. That a first order kinetic relationship is
observed over the last 24,000 years, implies that the weathering rate

constant k has been constant throughout this period.

Ruxton (1968) suggests that the weathering constant is primarily
a function of infiltration, or available water and thus for the sites and
tephra he considers there has been little change in climate over the past
twenty thousand years. In New Zealand, there is evidence of climatic
changes in the last 20,000 years associated with the end of the last
gleciaticn. Accordingly, the rate constant k is not expected to be
invariant with time.. Also there is the difficulty of assigning a value
to the initial concentration of glass, since this is dependent on the
value of oA, the rhyolitic parameter. This is discussed in Sec. 6-4.
Before proceeding to this, however, the relative ease of weathering of

endesitic and rhyolitic glasses will be considered.

S6-2: The Relative Weathering Rates of Volcanic Glesses:

There appears tc be a conflict in the literature over the relative
weathering rates of glasses and their relationship to feldspars and mafic
minerals. Aomine and Wada (1966) give proportions of minerals in

differentially weathered ash-beds. From this data relative-rate
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constanvs can be evaluaeted if it is assumed that first order kinetics

apply in all cases. This data is presented in Teble 6-1, and frox

‘+
)

v s s o« . . . s .
hls 1T is seen that the rate constant for glass is significantly higher

than for feldspars which are in turn greater than for mafic minerals.

TABLE 6-7: Differential Weathering: Interpretation in Terms of

Relative Rate Constents.

Weathering Regime

Mineral Allophanic ash-derived Allophanic pumice derived

soil to halloysitic soil to hallcysitic

soil (a) soil (a)

7

c, c lnzgggl krefb) c, c lnzggg7 krel“”
megnetite 2.7 2.7 0 0o 1.2 1.2 0 0
hypersthene-
augite {¢) 11 8.9 0.21 0.15 3.7 2.2 0.51 .27
feldsper(d) 23.8 8.1 1.08 0.75 2L.5 14.8 0.50 0.26
volcanic
glaess (e} 5S4 13 1.43  1.00 59 8.9 1.90 1.00

(a) on basis of Fieldes clay format. sequence see Sec. 6-1.
(b) relative to rhyolitic glass K g = 1.0
(c) includes all non-magnetic mafic minerels

(a) being endesine-iabradonite

(e) being both rhyolitic and andesine glass

This result supports the statement by Ruxton (1968) that "the total

' Aomine and VWeda (1966) consider that

element loss is from the glass.'
the weathering of glass proceeds by 2 "desilication together with a

remarkable loss of bases although the amount of iron cxides and alumina
remain essentially constant."  If the weathering of other minerals were

to occur by a similer process then there might be expected to be some

relationship between the rate constant for weathering and composition.



-65-

Data for this is given in Teble €-2 and plctted in Fig. 602 for the

minerals that Aomine and Wada describe.

TABLE 6-2: Potential Desilication and Base Loss of Minerals as 2

Function of Relative Rate Constant.

Mineral Relative rate Desilication (b) Base loss (c)
constant (a)

Reduced Potential Reduced Ratio

Potential Potential Potential
(a) (a)
S Sr B Br S/B

quartz o 100 00 0 0 o
magnetite 0 0.27 0.003 0 0 0
hypersthene- ) ( 50.1 1.59 0.07  0.002 0.0013

) 0.15 (
augite ) ( 48.9 1.5 0.78 0.024 C.016
endesine ) ( 58.1 2.18 €.48 0.29  0.13

) 0.75 (
labradorite ) ( 53.0 1.74 4.3 0,15  0.08
glass 1.00 72 4.38 7.98  0.52  0.12

(a) relative to glass
(b) ©being the total 5102 content
(¢) being the sum of the Ha,0 and K0 contents

(d) relative to the oxide sum: FeO + Fe203 + AIZO5

From this it is clear that an increased rate constant is associated
with a higher basic oxide content, and in particular with a higher basic’
oxide to silica ratio. If like other first order reactions, the rate
constant is related to terms involving the freguency of successful
molecular collisions {4) and the activation energy (E*) by the so-called

Arrhenizn relationship
& fom
kx = Aexp (-E /RT)
it may be that the composition is related to the frequency feactor.

Further, from what has already been assumed zbout the similarity of

weathering processes, the values of the activation energy ET for the
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verious minerzls are probably fairly similar. Since the constant 4 is
related tc the number of effective "collisions" that resuit in resction
it may well be dependent on the concentration of basic oxides in the
structure, and thus the empirical reletionship between & kinetic

paremeter (k) and a thermcdynamic parameter (composition) has theoretical

Justificatiocn.,.

Accordingly, the less silicic a glass, or in fact a mineral, the
more slowly should it weather, provided that the decreasing silica
content is paralleled by a decrease in basic oxide contents and a
consequential rise in the mafic oxides. Thus it would be expected on
this argument that basaltic glass should weather but slowly and might
thus remain even after prolonged weathering. 0f this Fieldes and
Veatherhead (1968) write:

"in soils from basaltic parent materials, glass persists strongly

in the sands after andesine is no longer detected, suggesting that

eny stable soil of considerable age .... may ccntain forms cof

glass resistant to weathering."

From the kinetic interpretations described in this section, it
would seem that andesitic glass (which may be taken as compositionally
resembling the plagioclase andesine) may be predicted as having a rate
constant some 0.75 times that of rhyolitic glass. Thus, the relevant

kinetic relationships are:

r,r
In (e /c7) = Kkt
N\,
and  In(ei/e® )= kit = 0.75 kit

whence on eliminating k_t, reduce to:

¢) 0.75 = (cF) 0.75

£\
o

In these expressions c and c¢_ are the present and initial concentration
Y ressi o

of the respective glasses in the tephra samples and the superscripts a

and r indicate andesitic and rhyolitic glass respectively. From this

it can be shown that the relationship between the rhyolitic parametler
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observed ( R ) end initially, at the time of deposition, ( R ) is
o

given by:
R =R, exp (-0.25 k t) = R, exp (- 0.19 L)
This is to say that the rhyolitic cheracter is itself a function of time,
Using the previously described relationship between « and R, and
considering the above expression in tems of a logerithmic series,
neglecting all higher order powers the equation:
Ay —& = 0.0Skrt

is achieved. Since the product krt may not be negative, this requires
that:

do > oA
This relationship reflects the observation noted when discussing mineral
assexblages that it is difficult to distinguish older rhyolitic tephras
from possibly younger andesitic tephras on the basis of glass contents.
It can be seen from this last equation that there are too many unknown
paraneters to enable dating of members of the stratigraphic sequences
under study. Assistance in overcoming this difficulty can be effected
by considering the climatic dependence of the rate constant and the
variaetion of the rate constant with time, both of which are dealt with

in subsequent sections.

The order of ease of weathering proposed by Acvmine and Wada (4966)
differs significantly from those of Fieldes and Swindale (195L) and
Jackson znd Sherman (1953). Their sequences in order of increasing
stability to weathering with the minerals used in Acmine and VWada
underlined are given below:

inereasing stability ——>

Jackson and Sherman: basic volcanic giass, olivine, hypersthene, bictite,

augite, amphibole, anorthite, epidotite, bytownite, andesine,
oligoclase, muscovite, garnet

Fieldes and Swindale: olivine, augite, hypersthene-basic volcanic glass,

zeolite-biotite, muscovite-voleanic gilass (acidic), felésper—guartsz
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Fieldes znd Swindale (1954) postulate that acidic (rhyolitic) volcanic
glass weathers at a rate comparable to that of feldspar and more slowly
than basic volcanic glass. This conclusion is inconsistent with the
observed persistence in the field of basaltic glass but does concur with
an unsubstantiated statement by Ross and Smith (1955) that there is but
"e small tendency for basaltic magmas to form glasses and (there is)
ready elteration of such glasses." It is interesting that, while
Fieldes and Weatherhead (1968) indicate that basaltic glasses seem
stable to weathering they do note that olivine weathers readily. Thus
it would seem that the rate may be not only compositionally, but
structurelly dependent, and the stability series indicated above suggest
that fremework structures are less easily weathered than simpler
silicates, The members of the sequence are plotted as a2 function of
the silicen to oxygen ratio (effectively a structural parameter) in

Fig. 603 wherein it is readily seen that the more complex structures

are usuz2lly less readily weathered. Also given in Fig. 603 is a plot
of the minerals of these sequences showing the variation of the reatio

of basic oxide and silica content.

Thus there appear to be two competing aspects of the ease of
weathering: that the ease of weathering increases for increasing ratio
of basic oxide to silica, and that the ease of weathering increases with
decreasing structural complexity of the mineral. It is probably =
fortuitous combination of these factors for the minerals. Aomine and
Wade (1966) give, that the structural effect is outweighed by the effects
of composition. As a consequence of this, it may be reasoned that, for
minerzls of comparable structural complexity, compositional relationships
dictate the relative rate constants. Such an interpretation does not
alter the calculated relative rate constants for rhyolitic and andesitic
glasses previously given and supports the observed persistence of mafic

volcanic glass.
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=b-h: Ruxton's Weathering Model Modified for a Mixed Tephra Depcsit:

Tt has already been shown.(Ruxtcn, 1968) how if the concentration
of andesitic and rhyolitic glasses are respectively ci and cg at the
time of eruption, and are observed subsequently to be ca and cr’ and
further that the appropriate rate constants for weathering are k_ and
kr then the appropriate rate equations are:

In (e2/c%) = kst and In(el/c™) = k_t

Tt may be shown that the variation of the rhyolitic parameter with
time is small and can to a reasonable approximation, be neglected. This
is tentamount to neglecting the difference in rate constant between the
two glass types. If this is taken to be the case, then the initial
concentrations of the vitreous components of a2 mixed tephra can be
derived from estimates of the initial concentrations of glass in tephras

either entirely rhyolitic or entirely andesitic.

Various suggestions for the value of c, for different ash types
have been made as given in Table 6-3 end plotted as a function cof

in Fig. 6C4.

TABLE 6-3: Estimation of Initial Glass Contents for Various Types of

Tephra
Consideration® Initial Concentrations Reference
rhyolitic andesitic ignimbritic
glass glass glass+
r a i
¢ /o/o ¢, /o/0 c/o/0
(a) 30 30 - Fieldes (1966)
b €0 30 - Fieldes and
(v) Veatherhead (1968)
(¢) - 30 $0 Ewart (1963)%
* correspond to similarly labelled data columns in Table 6-4.

3 S 4z s . 349 o o
+ ignimbritic glass is rhyolitic in composition, but because of the
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rzture of the eruption that gives rise to it, it may be more
pumiceous and certainly representa greater preportion of the

volcanic ejectamenta,

+1

The estimate for ignimbrite taken to be that for Taupo Pumice

after Ewart (1963), andesite taken as 30% as for the other

concsiderstions.

If values of ¢’ and ¢° are small, errors in tike ratio and hence
the paremeter kt is subject to appreciable error. One way of
circumventing this difficulty is to use the ratio of total glass
observed to the totel glass estimated as existing initially, this
initial value being determined by the rhyolitic parameter,« . The
plot of total glass content as a function of & is of course linear in
all cases. Since this is not so for plots of ci and cz versus o

(see Fig. 604) errors are further reduced by this procedure.

Values of the knetic parameter kt are evaluated in Table €~
. . . . ..t - .
for the various considerations. In that the ratio e/c, exceeds unity
for the Orusnui Formation samples under consideration (a) suggests that
this may be unreasonzble. Consideration (c) wes included to determine
whether the assignment of ignimbritic character reduced the considerable
difference between the values of Crusnui Formation and Rotoehu Ach and

the remaining zShes in the sequence, but the effect is marginal,

Plots of kt versus position in the stratigraphic sequence (Fig.

605) show that for Tirau Ash sequence, the parameter rises to a maximum:
in the case of the Tapapa Road site, the maximum is reached just zbove
the Oruenui Formation. At Mazirca it is noteworthy that the upper
portion of the curve is missing, there being only the function from
near the projected maximum to the Oruznui Formetion., This attiests
either to erosion of upper members or to the ncn-deposition at Keireca
of the mzterial that gives rise to the rising part of the curve at cther
sites. A less distinct but similar trend is evident for the Kalepuku

(Site 5) samples.
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I

That the parameter kt shows & maximum is highly suggestive of
climatic variations within the last 20,000 years and is similar to the

plot based on soil formeticn data of Vucetich to be discussed in Sec. &-8

TLBLE 6-4: Evaluation of Kinetic Parameter (kt) cn Basis of o¢ and

Valves of co.

Semple (%;' o« ofF b an(ee®) aa(ele)  n(el/eh)

' (2) () () (2) (v) (c)
201 7.75 1.0 30 60 80 1.355 2.048 2.33%0
262 3.17 0.89 30 57 Theb 1.2 2.882 3.158
203 3.26 1.0 30 60 80 2.216 2.919 3.202
204 2.72 0.95 30 59 78 2.408 3.071 3.352
205 5.59 0.95 30 59 78 1.682 2,354 2,631
206 0.69 0.17 30 35  38.5  3.772 3.912 L.017
301 8.8 0.87 30 56.5 73 1.228 1.858 2.412
302 8.1 0.80 30 S& 70 1.309 4.897 2,154
503 5.23 0.81 30 5:.5 70 ?1?49 2.333 2.554
304 5.10 0.54% 30 LE.5 57 1.772 2.207 2.408
305  6.29 0.26 30 38 43 1.565 1.756 2,805
306 5.86 0.79 30 5h 69 1.635 2.216 2.465
307 * 31.05 0.77 30  53.5 68 - 0.536 0.781
308 8.12 0.25 30 37.5 42.5 1.306 1.533 1.656
309+ 27.83 0.52 30 46 56 0.076 0.503 0.703
L0O1 6.27 0.80 30 5 70 1.565 2.153 2.4
402 3.87 0.63 30 49 62.5 2.048 2.538 2.781
L03 3.08 0.76 30 55 67.5 2.273 2.847 3.088
LO4  6.04 0.86 30 56  72.5 1.€05 2.226 2,489
L05  9.95 0,84 30  55.5 72 1.103 1.720 1.281



TALELE 6-L cont.

t

Samnl < t t P + .

ample C%) e, c, c ln(cZ/c ) ln(cZ/ct) ln(cz/bt)
(a) (v) () (a) (t) (e)
L0%+ 7.70 1. 30 60 t{o) 1.363 2.cL8 2.333
501 2.15 0.85 30 56 72 2.631 3.260 3.507
502 1.78 0.€64 30 49.5 62 2.882 3324 3547
503% 1.€9 0.72 20 52 66 2.882 3.430 3.€65
504 1.79 0.1 30 48.5 60 2.830 3.297 .507
505+ 1.44 0.52 30 46 56 3.037 3461 3.657
601 3.61 0.36 30 LA 47.5 2.120 2.,36 2.577
€02 5.33 0.27 30 38 L3.5 1.72 1.959 2,104
€03 7.75 0.328 3C L2 42.0 14355 1.687 1.845
6CL*  24L.C6 0,99 30 €0 80.0C 0.219 0.916 1.197
605¥ 17.C4 0.92 30 58 76 0.5€6 1.228 1.482
606 18.85 0.05 30 32 32.5 0.465 0.528 0.54L5
961 1 0.76 30 53 €8 0.837 1.406 1.654
902 10.6 0.75 30 52.5 67.5 1.C40 1.601 1.853
203 10.3 0.8; 30 55 72.5 1.072 1.9 1.953
005% 20 0.89 30 57 75 0.406 1.C47 1.227
906%* 16.2 0.53% 30 L6 57 6.615 1.CL4 1.258
(2) on Fieldes' (1966) criterion, the maximum glass contents of both

(v)

(c)

glass content of 8%

tephra, 60% in rhyclitie

based on Fieldes and Weatherhead

* prijeld identified as Oruanui Ash

rhyolitic end andesitic tephras is 2%

field

(1968), 3¢% glass in andesitic

as for (b), except assume rhyolitic tephra is ignimbrite and heas a

1dentified ag Rotoehu Lsh
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S6-F: tn Alternetive Nethod Tor Determining Initizl Glass Contents:

Rether than the empirical method described in Sec. 6~k , the value
of initiel glass contents may be estezblisked on the basis of 2llophane
contents. Fieldes (1966) gives an indication of the conversion of

glass to zllophane for the two principal tephra types and his data is

presented in Table 6-5.

TABLE 6-5: Glass, feldspar and allophane contents of N.Z. tephra-

derived soils (after Fieldes (1966)).

Pazrent acsh type Soil type Feldspar Glass Allophare

(e (D (o)

rhyolitic tephra (fresh tephre) 60 30 2 -

" " yellow-brown 45 5 5 G 15
pumice soil ) R

" " yellow brown loaxm 35 15 % 12

andesitic tephra (fresh tephra) 40 30 ) -

" " yellow brown locam 15 15 ; GA 50

From this table it is seen theat in the formation of a yellow brown
loam {roz rhyolitic tephra, 12 grams of allophane form for every i5
grams of rhyolitic glass that are lest, and similarly in the formstion
of the szme type of scil from andesitic tephra 50 grams of allophane

form froz every 15 grams of andesitic glass lost. Thus:

0.3 C = 1.24 C = C,
€a Cq i

Now if an ash deposit is considered whose rhyolitic character is & |
then: 150 grams of rhyolitic glass are lost to form 12K grazms of
allophane, end 15 (1- % ) grams of andesitic glass are lost to form:

(4= &) 50 grams of allophene.

But the two "allophanes" are not distinguished so that 15 & grems

h
m
]
]
e}
e]
$3e
>
5
'1
m
-

of rhyolitic gless appears to result in (50 = 38 ) grams o

as does 15 (1- « ) grams of andesitic glass.



Herce the re

o+
b

o of 'lest' rhyclitic glass to zliophane is
/ . P .
*/(3.3 = 2,5 ) and the ratioc of lost andesitic glass tc ellophene is

(1 -*)/(3.3 - 2.5« ). Thus the initial glass concentraticn can be

ol

expressed in terms of the present glass concentrztion and the allophene

content by expressions of the form:

r

Co = C" + (*/3.5 - 2.5% )& and C? = ¢®

t ~x) /(3.3 - 2.5%). A
where A is the weight loss on ultrasonic cleaning and is assumed for the
purposes of this calculation to be totally composed of allophane. On
this basis, values of Cz and Ci may be calculated and hence the kinetic
parameter krt defined by the equation:

I /nT
kt = ln(Cd/C )

TAELE 6-6: Estimation of the Kinetic Parameter (kt) on Basis of

£llophane and Glass Contents

Sample o A ‘e, CgR 1n(C;éCGg = ki
201 1.0 83.8 7.75 112.50(a) 2.68
202 0.89 91.6 3.70 77.89 3.C5
203 1.0 o4 .8 3.26 121.76 3.62
204 0.95 95.2 2.57 101.58 3.68
205 0.95 20.1 5.30 939.00 2.93
2c6 0.47 96.6 0.12 5.92(1b) 3.89
301 0.87 77.0 7.6 65.1 2.15
302 0.80 80.0 6.5 53.5 2.10
303 0.81 88.5 4.23 58.23 2.63
20L Co5k 20.5 2.7 28.1 2.33
305 0.26 75.5 1.64 9.15(b) 1.72
306 0.79 2C.0 L .63 55.63 2.9
307% 0.77 4.7 24,0 48.3 0.70

308 0.25 77.7 2.03 9.02(b) 1.49



TALELE £-§ cont.
Sample o " CEP o 1ﬁ(cé{CG% e

309+ 0.52 57.0 14.38 29.20 0.71

401 0.80 83.6 4 .98 530 2.39

402 0.63 89.5 2.0 34,66 2.65

403 0.76 92.8 2.35 50.61 3.07

404 0.86 88.8 5.20 69.14 2.59

405 0.8, 89.3 8.35 8.8 2.10

407 O.54 81.1 2.87 25.58 2.19

409+ 1.0(e) k7.0 7.70 66.45 2.16

5G4 0.85 92.6 1.83 65.72 3.58

562 0.64 9%4.3 1.15 36.04 345

503% 0.72 92.7 1,21 i .78 3.61

£0L 0.61 91.3 1.08 32.13 3.38

505+ 0.52 88.5 0.75 L6.77 L.13

601 0.36 62.5 1.31 11.31 2.16(2.16)(a)
602 c.27 61.5 1.43 7.58 1.67(1.€8)
603 0.38 62.8 2.50 12.90 1.49(1.47)
écL* 0.99 57.8 23.60 93,60 1.38

605* 0.92 75.5 15.70 85.20 1.69

606 0.05 66.0 0.85 1.51(b) 0.58

501 0.76 77 13 5.6 VAN

°02 0.75 80 10.6 53.2 1,62

S03 0.8l 83 10.3 68.3 1.89

90 0.84 86 10.4 704 1.94

905* G.89 72 20 78 1.36

906* 0.53 55 16.2 20,7 C.6L
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(»‘) that GO . S AT s . - .

a et by exceeds i00b indicates that not all the weight loss wnder
ultrasonic cleaning is due to allophane

(b) 1 N al S e .0 s Q
lew values of GR are suggestive of loess, see Sec
m s - > - . > 2

(e) “his sample is supposed on field evidence to be correlative with
3C9 and 505

(a) evaluated frcom corresponding equation for andesitic component

Field recognition: * Oruanui Formation + Rotoehu Ash

It is clear from Teble 6-6, in which this data is presented, that
the trend of values down the stratigraphie sequences is the same as that
previously estatlished, although the absolute magnitude of the parameter
differs & little. These variations may arise from an over-estimation
of the allcphane content, since, as has been previocusly pointed out, the
weight loss in the ultrasonic cleaning may include primary minerals of

fine grain size.

Tn order to use this technique to date tephra, it is necessary to
consider the nature of the rate constant k. Cleerly the constant is
related to climatic varizbles and this correlation is explored in the
next section. Subsequently the rate constants obtained on the basis
of present-day climate are compared with the product kt for identified
Oruanui Ash semples, and the variation of rate constant over the last

twenty thousand years considered.

S6-6: Climatic Dependence of the Rate Constent for Weathering:

Ruxton (1568) noted that the weathering rate constant was primarily
dependent on rainfall, or more strictly, infiltration. This is shown
from his limited data on Fig. 606. By reference to the temperature
dependence of the hydretion of glass (to be discussed in Chapter 2) he

concluded that temperature was less significant in determining the rate.

Rainfall data for the Waikato-Hauraki and King Country regions may

be estimated from a map by de Lisle (1967), shown in Fig. 607 and
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overprinted with site localities for this thesis. Infiltration can be

assessed as the difference between rainfall and evapctranspiraticn.
This letter paremeter is difficult to estimate on empirical grounds,
although Thornthwaite (1548) proposed a relationship between evape-
trarspireticn (PE) end temperature (T) of the form:

PE = cTa

where a and ¢ are constants which vary geographically. Since there is
a decrease in temperature with altitude a relationship between potential

evapotranspiration and altitude might be expected of the form:
PE = o(T_ - kh)®

where T° is the sea level temperature of the site in question, h is the
altitude, and k the altitude coefficient of temperature. For the

Weikato district, this becomes:

PE = c(43 - 0.017n)2

A lcgarithmic plot shown in Fig. 608 indicates a value of 'a' of 0.8.
A direct plot is also given in this figure which as expescted from the
velue of 'a' is almost linear. From such an estimate of potential
evepotranspiration and the rainfall data, estimates of infiltration and
thus of rate constants may be made on the basis of present climate for

the sites under study. Such constants are given in Teble 6-7.
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TABLE 6-7: Calculated Weathering Rate Constants for Sites of Tirau and Mairoa Ashes:

Site Elevation Potential Rainfall Infiltration Rate Constant Rate constant
(h/cm) evapotranspiration
(PE/(cxn.yr-1))(a) (R cm.grq)) (I/(cm.yr—1)) (k x 10)/yr-1) (k x 103/yr-')
(v (c) (a)
Tirau 110 67.7 126 8.3 0.0,0 -
Findlay Park
(307) 166 67.5 139 71.5 0.048 0.13
Parawera 153 7.5 139 71.5 0,052
Kakepuku (503) 67 68.0 152 8L 0.060 0.18
Mairoa (604) ) 400 65.5 228 122.5 0.118 0.01
(605) 0.08
Tepapa Rd (905))300 6lis O 251, 190 0.132 0,11
(906) 0,477




(2) Interpciated from Fig. 608

(b) after de Lisle, Fig. 607

(e) interpolated from Fig. 606, being the present-day rate constent
calculated for dacitic ashes after the method of Ruxton (1968).

(&) being (1 - o& ) for Oruvanui glasses, the mean rate constant over

the last twenty thousand years

It is of interest that the present-day rate constants rise with
increasing altitude. Under these conditions the glass contents of
correlative ashes would be expected to be less at higher altitudes.

As is indicated in the next section, this does appear to be the case for
some sites, and enables the comparison of data for sites at which the
Oruanui Formation was not availeble for znalysis of glass content.

S6-7: Correlation of Kinetics between Tephra Sequences:

From Teble 6-4 and Table 6-7, it will be seen that the estimates
of the kinetic parameter for the samples of Oruanui Formation differ
from site to site. As is evident in Table 6-8, this does bear some
relationship to the present climatic differences. This data is plctted

on Pig, 603 whereon it is seen that the correlation is better between

TABLE 6-8: Comparison of Rate Constants Evaluated on Climatic Basis

and on Basis of Glass Content of Oruanui Formaticen:

Site Rate constant Samrple No. Kinetic
from present- (Oruanui parameter
dey climate Formation) kxt

¥ (1) (2)

2 0.040 0.503)  (0.60))
5 0.0:8 507 0.54 0.70
L 0.052 (0.573)  (0.m)®)
5 0.060 503 3.43 3.61
6 ) ( 604 0.92 1.38

) 0.118 (

) ( 605 1.23 1.69
9 ) ( 905 1.05 1.36

% 0-132 g 906 1.04 0.64
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(1) on basis of glass contents - plotted as closed circles on Fig.

€09 from Table 6-5,

(2) on basis of glass and allophane contents - plotted as open

[V

circles on Fig, 605 frem Table 6-7.
(3)  interpolated from soiid line, Fig. 605 (see text).

() interpolated from broken line, Fig. 609.

the present-day rate constant and the kinetic parameter of Oruanui
Formation evaluated on the basis of glass contents than with the
parameter evaluvated cn the basis of glass and allophane contents. The
deviaticn from linearity for samples in series 6 and 9 could be inter-
preted as caused by the reduction of the effective rate constant by
there being a greater depth of burial, It is noteworthy that for
semples from site 5, the kinetic parameter is much larger than would be
expected on the basis of the climatic rate constant and is suggestive of
leteral ground-water fiow. On the basis of this diagram, and assuming
no lateral ground-water fiow, the kinetic paremeters for sites 2 and &4
can be interpolated: the values obtained are given in parentheses in

Table 6-8.

Peducing the kinetic parameters to that for Oruenui, kt = 1.0, the
parameters for the samples may be correlated from sequence to seguence
and this provides the basis of a crude method of geologic dating,

provided the variation of rate constant with temperature is knowm.

S6-8: The Variation of Rate Constant with Time:

Vucetich>(1968) has estimated the rates of scil development for
soils derived from volcanic ashes over the past twenty thousand yezrs.
His "degree of soil development" are evaluated on pedological criteria,
and may be expected to relate primarily to processes that occur prior to
subsequent burial. Since the diminution of glass contents is the
principal contribution to soil development from tephra, there is a

certein correlation between glass contents and soil development.



If Vucetich's data 3 2 3 i it i
céiicn’s data is plotted as in Fig. 610, it is seen that the
function shows a2 maximum, reminiscent of that obtained at the Findlay

Park and Parawera sites for the "kinetic parameter" from glass content

]

of tephra of this maximum. Vucetich (1968) wrote:
"eeee. it is inferred that the rate of soil development increased
rapidly about 14.7 thousand years ago, which correspcnds to the

end of the last glaciation. The increase in the rate of soil

development is attributed to the temperature becoming warmer at

that time."

This is &an interesting conclusion in that it conflicts with the
proposal for a cold stadial at about 15 thousand years ago by Brodie
(1957) ana Suggate (1965) for more southern areas of New Zezland, and
the postulated cold period in the Waikato region between 12,000 and
16,000 years ago, during which the final deposition of the Hinuera
Formation might have occurred (Vusetich and Pullar, 156%). Vucetich,
in fact, made the implicit assumption that the increased weathering
rate cf the soil-former (glass) can only be due to increased temperzture.
Reference has already been made to the fact that weathering of glass is
more dependernt on available water than temperature, and it may be that
the post-glacial warming proposed by Vucetich (1968) is in fact a

pluvial.

The "degree of soil development" needs to be incorporated into a
kinetic framework if quantitative comparisons are to be made with the
kinetic parameters based on glass contents, and attention is turned to

.

this in the next secticn.

S6-9: Degree of Soil Development - a Kinetic Interpretziion:

For the refererce site described by Vucetich (1968), sufficient
data is provided to calculate the present-day weathering rate censtants
on the basis of altitude and assessed infiltration by tke methods

previously described. This data is shown in Table 6-9. Assuming that
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for Kaharca ash the azge of the tephra is elso the effective time for
weathering, the kinetic perameter (kt) can be evaluated as the prcduct
of the age and the present-day rate constant, making the implicit
assumption that the present-day rate constant has been effective cver

the last thousand years.

Now Frost and Pearson (1961) indicate that "a general equaticn can
be derived for relating a measured physical quantity with concentration
if a linear relationship exists." If such a relationship exists
between Vucetich's degree of soil development and the concentration of
glass in tephra-derived soils, then the equation:

kt = In (dg - a JNa,=-4a) = 1n(cg’o/cg)
holds, were d is the degree of soil development of the tephra being
dzted, do being the degree of development at deposition and d, the

degree if the tephra remains unburied for infinite time.

TLBLE 6-5: Evaluation of Weathering Rate Constant for Vucetich Site X
Parameter Value Reference and.Noges
Elevation {h/m) 360 Vucetich (1968)
Potenti?I evapotrag; iration ‘

(P.E./cm.yr g 66 Fig. 608
Rainfall (R/bm.yr71) 127 Vucetich (1968)
Infiltration (I/bm.yr-1) 61 being R - P.E.
Weathering const. (k/163yr_1) 0.0l Fig. 606
hge of Kaharoa Ash (t/107yr) 0.9
Product kt 0.0396

On such a basis, if the origiral degree of soil development is
teken as zero, d, is evaluated as 26. Accordingly, from the degrees
of formation, kinetic paremeters cen be evaluated. Further to this,
using estimates of the time for weathering of the respective tephras

before stbsequenit buriel, weathering rate constants can also be evaluvated.



T

¢ results of these calculations are

~

cshovm in Teble 6-10,

(@3]
i

TABLE 6~10: Kinetic Parameters and Weathering Rate Constants fer

Various Tephras

Formation Estimated degree Age of Kinetic Time for Rate
or member of soil develop- forma- parameter weathering Const.
menf atnt?p of gio%_ i 3 .
;oEgitlon (t/107yr) xt (t/167yr) ¥
Note (a) (v) (e) (v) (a)
Tarawera - 0.08
Kaharoa 1 0.23 0.0392 0.86 0.045
Teupo Puzice 2 1.82 0.077 0.8% 0.086
Taupo subgrp.
S - 13 1 0.039
Waiminia Ash 2 3.40 0.077 1.58 0.049
Whakztzne Ash 2 5.18 0.077 L .25 0.018
Memuku Ash 2 ;7.05 0.077 1.87 0.041
Rotoma Ash 3 7.33 0.122 0.30 0.,k
RIS s 0.148
Waiohau Ash N 11.20  0.167 3.9 0.043
Rotorua Ash 5 13.5 0.215
Rerewnekeiitu Ash 4 .7 0.167 3.5 0.048
Okareka Ash 1 20.7 0.039 6.0 0.006
Te Rere Ash 1 ca 20 0.039 ? nil
Oruenui Ash 1 20.5 0.032 ? nil

Notes: (a)
(®)
(c)

(a)

after Vucetich (1968)

after Birrell and Pullar (1973)

being defined by the equetion:

i.e. taking do =0Dendd =

(2]

26

kt = In(26/(26 - d))

evaluated from the product kt where t is the effective

time for weathering of the tephra
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Of perticular ncte is that, while the kinetic paraneter goes

through a maximum in relstion to the tephra's age, the rate constant
shows no such variation, being relatively constant except for the
Rotema and Whekatane Ashes and the late Pleistocene tephra, the latter
of which were probably little weathered before burizl., ‘This is
suggestive that the kinetic parameter, besides being dependent on the
climate at, and subsequent to, deposition is also highly dependent on
the lapse of time between deposition and burial, a factor which

Vucetich's kinetic analysis appears to overlook.

It will be noted too that the values for the kinetic parameter
cbtained by this method are considerably lower than those obtained by
the glass contents technique. This undoubtedly arises because the
weathering constant evaluated for site X relates strictly to glass loss
rether than soil formation. This difficulty is easily overcome by
plotting the kinetic parameter (kt) as a function of time, scaling the
paraceters such that that for Oruanui Ash is unity. Such a plot mey be
demonstrated to be identical to Fig. 610 and forms the basis of the

assignment of dates for the members of the Tirau and Mairoa Ashes.

S6-410: Assignment of Detes to the Tirau Ash end Meirca Ash:

If the kinetic parameters of Table 6~4 are reduced so that the
kinetic paremeter for Oruanui Formation is unity, the results given in
Table 6-11 are obtained. Interpolation of this on Fig. 610 ensbles the
assigmment of approximate dates. For seguences in which the Oruanui
Ash was not identified with certainty, values of the kinetic parameter
for Oruznui Ash required for scaling purposes were inferred from the
relationships between kinetic paremeter and rate constant showm in Fig.
609 and Table 6-8, assuming in &ll cases that the Ash is rhyelitic.

Mso given in Teble 6-11 are the corresponding reduced parameters wvhere
the paremeters were initially determined from both glass and alleged

allophane contents of the soils.



TABLE 6-11: Reduced Kinetic Parameters and Derived Ages:

Sample  Reduced Assigned Reduced 4tssigned
kKinetic Lge kinetic Age
parameter parameter
(1) (2) (3) (2)
201 4.09 10.6 L 26 11.5
202 5.75 ) 5.10 12.5
203 5.85 igg 13 5.90 )
204 6.18 ) 6.15 %gé 1245
205 L.70 1h.h 4,90 1L
206 7.80
301 545 8.5 3.07 7.5
302 3.51 8.5 3.00 7.5
303 £.30 7 11.0 3.75 9.5
30 4.10 15 3.33 16
305 3.33 16 2.46 17
306 L.10 ? ?
307 1.00 (20) 1,00 (20)
401 3.80 10 3.26 7.5
402 L3 11.5 3.60 8.5
403 5.01 12,5, 14, 115 10.5, 15.5
404 3.96 15 3.50 16
405 3.03 16.5 2.8 16.5
501 ) g
502 %_3 1.0 See Note (5) %_g_g 1.0 See note (5)
503 3 )

601 2.66 7.17 1.66 18.5
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TABLE 6-11 (continued):

Reduced Xinetic Parameters and Derived Ages:

Sample Reduced Assigned Reduced Lssigned
kinetic Age kinetic Age
parameter perameter
(1) (2) (3) (2)
602 2.13 18 1.21 18.5
€03 1.82 18.5 1.08 20
60L.* 1.00 (20) 1.00 (20)
605% 0.75 (20) 1.22 (20)
606 - -
901 1a3h (13) 2.25 6.5
go02 1.52 2.37 7
903 1.62 See note (5) 2.95 7.5
oy, 1.60 3.00 8,16
905 % 1.00 (20) 2.13 17.5
906+ 1.00 (20) 1.00 (20)
Notes: (1) kinetic parameter reduced relative to Oruanui, the kinetic

parameters being those established on the basis of glass contents

zlone.

(2) from Fig. 610.

(3) reduced kiretic parsmeter as in (1), the initial kinetic

paremeters being those established on the basis of toth

allophane and glass contents.

(1) velue obtained depends on the 'side' of the maximum

considered eppropriate

(5) negligible variation suggests post depositioral mixing of

beds

(6) anomalously low ages obtained, mey Dbe related to greater

depth of buriai.

tges of tephra established by radiocarbon dating showm: ()




Such a technigue of dzting makes the inherent assumption that the
depositicnal sequence is the same or at least comparable in each case,

as both vetween the segquences and between a given sequence and Vucetich's
site X for which the time dependence was derived. To this extent the
estimation of ages between 14.7 and 20 thousand years is of lower
religbility, since Vucetich gives no tephra of this age - since ai site
X, this is sufficieatly far from the Egmont centre to have received
negligible amounts of the Mairoa material. Nevertheless, it would
appear that the Tirau ash beds span between some 11 and 15 thousand

years end the Mairoa sequence predates this but posi-dates the Oruanui

Formation of 20,000 years age.

Of interest is the observation that material recognised in the
field &as Mairoa ash is younger than the uppermost bed sampled at Mairce
itself. This might suggest that some of the upper members at the Mairoca
locality might have been eroded, or alternatively that the bed may be
centeminegted with tephra of greater age. That the direction of thinning
of the Mairoa ash is to the east suggests that the latter pessibility is
more likely. The most likely contaminant is the underlying Oruveanui
Fermetion; such incorperaticn is likely to be the reason for the failure
of this dating technique to resclve the stratigraphy at Rakepuku (site
5). Results from vhysico-chemical and cherical analyses confirm the

likelihood of the inclusion of Oruanui glass in these samples.

S6-11: Conclusion:

In this chapter procedures for cbtaining an estimate of the age of
tephra cn the basis of glass contents has been descrived. In sc doing

-
2.

it has been assumed that the rate cf loss can be assessed on the basis
of the weight loss of glass extracted and that for a given weathering
regime this weight loss may be adequately described in terms of a first-
order reaction. This model, previously proposed for dacitic eruptives

was modified to render it applicable to mixtures of glass types. It

was however necessary to propose a semi-empirical method of achieviag



the initial glass concentrations, and in order

b

ct

o reduce the variables,
such that an ultimate solution might be rossible, the weathering rates
of andesitic and rhyolitic glass were assumed the same. Actuzlly the
rates do differ a little, as was shown by considering the rates of

weathering of minerals comparable in composition to the two glass types.

For the New Zealand case, the model is further complicated by the
variation of the rate constant with time. This has been assessed with
reference to pedological criteria which gave a curve from which
approximate ages could be interpolated. In so doing, the tacit
assurption is made that the weathering of glass is the principal
coniribution to soil development. As a consequence of this dating,
the Tirau Ash would seem to be not older than about 13 thousand years,
and the Mairca Ash older than this. That at Mairoca itself the youngest
member of the Mairca Ash sequence is some 17 thousand years suggests
either erosional loss of the upper portion of the sequence, rewcrking

cf the meterial and incorporation of clder material into the tephra bed.

I+ should be noted that the dates obtained by this method are but
eppreximate. Apart from the limitations described above, the assumption
is also implicitly made that there is negligible movement of clay
minerals within the profile and &n insignificant loss of minerals by
means cther than chemical weathering. However, in spite of such
limitations, the technique has enabled assignment of dates to these
ashes on the basis of an inherent property of the material itself rather

than by inferred stratigraphic relationships.



CHAPTER 7: THE DENSITY OF VOLCANIC GLASS AS A TEFHRA CORT
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S7-1:

PARAMETER

Introduction:

The density of a glass shard reflects its bulk composition, and

may therefore find application as a parameter in tephra correlation.

Not a

greet deal of work has been done on the density of glasses in

geology although the parameter is widely used in forensic work. Wilcox

(1965) epitomised the reluctant approach of geologists with regard to

density measurements:

which

clear

type,

"The intrinsic specific gravity of the glass of the shards would
be a useful characteristic, but unfortunately no ccnvenient method
of measurement is available in the presence of the many inclusions
and bubbles."

Ross indicates that volcanic glass exhibits three principzal habits
ere described by Ewart (1963) as:

"One type being composed of glass which originally enciosed

rounded bubbles, consists of curved fragments of the bubble wall
and may be Y-shaped where three bubbles were in close contact ....
A second type is made up of almost flat glass plates, formed by
the fragmentation of the walls which enclose large, flattened,

lens shaped vesicles ..... A third type is fibrous and represents

cumice fragments.”

154
ct
W
0

Although there is a complete gradation between these types,
that the disquiet of Wilcox is only of significance for the third

and there is in fact no justifiable reason for gcondemning density

as largely unsuitable in tephra correlation.

Since much of the expertise in density measurements of meterials,

and glass in particular, has developed under the auspices of forensic

science it is appropriate to review its usefulness and the techniques

developed in this field hefore attempting tephra correlations on the

basis

of density.



™

S7-2: _Technioues in the Determination of Density of Glzss:

m . ~d - . . . P
The correlative value of a technique is obviously of great

importance in forensic work, and over thirty years ago statisticzal
experiments described by Nelscn (1965) showed that the chance of two
randozly chosen glass samples being identical is very smell, this chance
of ldentity decreasing as the accuracy of the determineticn is increzsed,
as 1s indicated in Table 7-1. In order to achieve this degree of
accuracy, sensitive methods of density measurement are required, the

most widely used of which are density gradient techniques and techniques

that take advantage of the variation of density of a liquid with

temperature,

Nelson (1965) describes the latter technique as enabling the

separation of glasses differing in density by 0.000024 gm.cm-). The
principle of the method is to heat a suitable liquid, the density of

which is such that the immersed chips of glzss rest on the bottom of
the container, until they just rise. He notes that it is preferable
not to arrange the procedure so that measurement is made when the glass
chip sinks since a floating chip may be held at the surface in spite of
its having 2 greater density than the liguid because of surface tension
effects and convection currents. In such determinztions a bromoform-

xylene mixture of density 2.5 gn/ml wes used in a water bath controlled
to *0.01°C.  Similer procedures are described by Kind and Summerscale

(1966).

0]

TARLE 7-1: Indications of Accuracy in Determinations of Pensity in

Forensic Applications

Glass Sampled No. of samples Density Range Reference
non-optical glasses 100 2,247 - 3.1278 (96 within

range of 0.4887) 1
bottles 20 0.0225 2
headlights 50 2..658 - 2.4970

Luces headlights 6 0.2005 4
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References: (1) Gamble, Bird and Roche (41943)
(2) Pinch and Williams (1958)
(3) Green and Bura (1949)

(L) FNeiscn (1959)

£ procedure such as this is likely to be time-consuming, although
very accurate, and is therefore perhaps not be favoured for routine
density determinations. By contrast density gradient methods are more
eesily set up and,because the result can be photogrephed, the densities
of the glasses can be more readily compared, especially if they encompass
a range of values. Nelscn {1965) described the formstion of a graded
density column for forensic work stating that the sensitivity of the
technicue was proportional to the length of the column and the densities
of the constituent heavy liquids. This column was made by successive
zddition of progressively dilated heavy liquids, having a rather larger
velure of the end-member than of the intermediate members so as to
“enable the full range of the gradient to be mzintained for a consziderable

time.®

Density gredient columns have been in use for many years, for

xample, Scllas (1891) and in general can be divided into two categories,
one whereby the gradient is formed by mixing technigues and the other in
which it is formed as a result of diffusioneal processes. The Tormer
have the advantage in the rapidity with which the gradient can be set up
and the cepebility of modification to give different gradient profiles.
Varicus meithods are described by Ancderson (1955). One such method
(Jones, 1961) is iilustrated in Fig. 701. The way in which"this simple
epparatus, which enables the rapid establishment of z column of liquid

. . . " -
graded in density ard having controlled characteristies”™ works is

described:



707

AT

i

3

307

v

+o

A/

A

Yod
T

coc




- 9

M
i

dersity liquid is drezwn through cock B end replaced in the chamber
by high density sclution from the bezker. A gracual and even
irecrease in the density of liquid in the chamber and therefore of
the 1iguid drawn into the cclumn, is ensured by continuous mixing
with an electromagretic stirrer. The liquid rises steadily up
the column, there being little disturbance by the inflow at the
base. When the vertical tube is filled, cock B is closed and

the column is ready fOor US€ .eceo"

The technique as illustrated is for 'light' and 'heavy' liguids
which differ in density by cnly 2 smzll amount. When such an apparatus
wes constructed, difficulties were encountered if there was a large
density difference between the high and low density fluids, since under
these conditions a considerable volume of the low density fluid is
vithdrawn befcre the high density fluid enters the chamber. Thus the
rate of ascent of the mixed solution up the column appears to be a
function of density. Add to this the difficulties of evaporation of
the diluent (usually acetone cr alcohol is used as the diluent, with
bromoform as the heavy liquid) and it is appreciated that such mechanical
devices probably have little application in mineralogical work where
gredients over a wide density range are usually required. Muller and
Burten (1965) describe similar apparatus for mineralogical application
which operates under grevity rather then under vacuum and thus does not
suffer from the density dependence of solution velocity. However, the
apparatus requires special equipment and for the present investigation it
was considered that comparable results would be obtainable by diffusional
techniques which, as has been shown, has sufficed in accuracy-demarding

forensic applications.

The original method for establishing a gradient of density was

simply to allow diffusion to occur at the interface of two miscible



-

iiquids of differing @ensity (Galileo (1655); Tick (1855). Thile such
a system is impracticable in the present situation in that the time +o
set up a cclumn in this way would be inordinately long, and much of both
the heavy liquid and the diluent would have evaporated, the principle is
fundemental to all diffusional columns. In order to reduce the time
for diffusion to render suitable column characteristics, diffusicnal
columns are usually made by leying aliquots of progressively decreesing
éensity (Goin and Kirk, 1947), or by a "slip-under" method in which each
layer is introduced through a capillary tube and slipped under the
preceding layer (Fortuin, 1560). The procedure follcwed in the present
study was that of Woolson and Axley (1969), using 1 ml. aliquots added
slowly from a syringe tube (without needle attzsched) to a 10 ml
graduated centrifuge tube held in a slanted position. Some mixing of
the leyers ac the aliquot is added is inevitable but this has been
claimed, in fact, to be desirable (Boyer et al., 1946; Linderstrom,
Lang 1537). The tubes were generzlly prepered in batches of four,
loaded with sufficient material to give clearly defined bands and then
centrifuged gently to facilitate the settling of the added material into
berds. Lew and Richards (1952) claimed that the gradient characteristics
of the column are not affected by centrifugation; and this has the
further advantage of reducing the time that any iron-bearing minerzl is
in contact with the heavy liquid. TFollowing this the positions of the

bands were then noted and the column is characterised.

S7-3: The Characteristics of Density Gradient Columns:

D

Voolson and Axley (1969) do not indicate how they charecterised
their columns. It is possible that they did not do so since they
consider that:

"a possible error equal to or less than the difference between

twe adjacent heavy liquid layers is inherent in the system."

In the present case the added aliquots differ by about 0.05 gm/ml

in solution density and further, on this basis only, a step-wise gradient



cen be arewn end the effect on the density characteristies of diffusion
can cnly be estimated, £ svitzable method of characterising the column

is by witkdrawing smell eliguots from various levels in the eolumn and

determining their refractive index. Twenty microlitre perticns removed
with a syringe czuses minimel disturbance to the gradient, but it is

necessary to work progressively down the column since there is 2
significant overall volume diminution. If the refractive indicecs of
the stcck liquids are determined as a functicn of their densitites, then
the relationship betweern density and column height can be established.

A typical curve for solution refractive index as a function of column
height is shown in Fig. 702, the grey bounds representing the mean
residual of refractive index at the particular height. Typically the

mean residual is some 0.00005 units of refractive index. The relation-

n

hip between refractive index and density is also shown in Fig. 702 for

[{

=

hich the slope ﬁfb/gf is 0.116., From this the error in density
corresponding to the mean residual of refractive index is 0,004 gm.com 2,

As will be seen subsequently this is considerably less than the natural

variation in glass density.

Both the density and refractive index of liguids are functions of
temperature, On the basis of their coefficients of expansion, acetone
znd bromoform have a temperature coefficient of density of - 0.C011 end
- 0.0029 (gn.m1—1K-1) respectively (Chemical Rubber Co., 1972).
Temperature coefficients of refractive index are not tabuleted for these
two ligquids, but typically this parameter is of the order of - 0.0004 to
- 0.0007; (K’1) (Hinnewi, 1966). The effect of this on the relationship
between refractive index and density is such thet if the temperature of
the stock solutions used to generate the refractive incex-density curve
differed by 1 K from the temperature of the column, there would be an
error of scme 0.003 gm.ml"1 introduced in the density assigned a given’
band. O0f course it matters not that the refrzctive index and density

determinations are made at different temperatures, providing that for 2
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givern betch, the determinaticn of rvefractive index of the samples
rexoved frow the cclumn and of the stock sclutions are mede at the seme
tecperature, and that the detercination of density of the stock

colutions and the recording of bend positions are alsc mwade at the same

tenperature (but not necessarily the seame as that for refractive index).

It will be noted for Fig. 702 that the gradient is not linear;
the system is like that described by Oster and Yamamoto (1963) as a
"diffusion system without reservoirs" for which "one cannot achieve a
linear gradient by diffusion and furthermore the gradient achieved is
unstable and eventually disappears.” The disappearance of the gradient
vas investigated by sampling columns of the same batch after a2llowing
them to stand.for differing lengths of time. Typically, the column
"collapses" around the mid-point of the column, and eventually a liquid
column of neerly unif'orm density is obtained, as is shown in Fig. 703.

The c¢ollapse occurs primarily because of diffusional processes, but is

o]

probably eided by the evaporation of the diluent (acetone) from the top

'

of the column, and photochemical dissociation of the bromoform.

S7-L: The Dependence of Density on Particle Size:

To determine the effect that particle size has on the observed
density of the glass, batches of columns were loaded with various sieve
fractions cf identical glasses, Typical. of these is sample 110
(Rotoehu Ash) shown in Plate 71 for which the sizes are,from left:greater
than 250 microns, between 125 arnd 250 microns, between 75 and 125 microns
and less than 75 micrens. The differences that are obvious on Plate 71
arise because the grains in the larger size fraction are not "liberated."
KMuller and Burton (1565), who use this term do not irdicate whether the
non-"liberaticn™ of grains arises beczuse of an inherent dependence of
density on particle size or because of bucyancy effect in the column
that prevent the larger grains from settling. In any event the mean
density is the same for &1l sized particles although the range ternds to

be greater for larger particles. This is in an interesting comparison



res
d0 dumnvmmd\
] (0)
_ 0° (sanot/enty) FoT . Cree
| S e 0 B O ‘
y 4 N 4
RN (87) (02) 0t (9) () (2)
| - | ; g
o i 1 ! H
S 0*g _ _ L e
£ S ! ! : ' — G P
u) H ' I : B
| ]
s G/ b o
RE \ (&)
s
i .
—.l.
| <
“ —GoaL @
o]
1.
oot
3
¢}
b
G
. o)
i Ggge L
e i
[}
49
Ie!
]
:w
..,.a der"e )
ﬁm l‘ﬁ fa i
~
45 |
o £
) !
i
28] ..ﬂu“ 0° M — [I.W.___Nﬂ- !
o - //!/ ,
e L
L w,_ \.\,_aCJ ! S .rl.:
. .v“
ris ‘.
o )
2 5 — i
=t A rl!l‘u ﬁ.: L
i
o] =it
0*l oo
A froe—— e ad &
\.O

p—sy 7 |
e 1



PIATE 71 - 96b -

Dependence of density of rhyolitic glass shards
with particle size

(Sample: glass from Rotoehu Ash (110) )
!

Particle size

less than
75 microns

s,

'; i ‘*““Lijib 75 - 125
- ] microns
lllli'.!.,J'!?!l!!mL'i"L"

, S P 125 - 250
. r r\r\ r\ ni‘inﬁmm'n-umnul' - microns

sreater thon
250 microns




PIATE 72 - 97a -
Density of glass from Okareka Ash (sample 101)

Note the two bands of particles in the column

Particle size

less than
75 microns

75 - 125
microns
125 - 250
microns
@ o n e e |
ISRERE ' e .
“‘l‘ ‘ |‘M@M greater than

T 250 microns
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since the

3

esh of liberation eppears to be 125 microns in that the band
character is clear for particies of this and smaller size, and since
most ¢cf the glass particles are of compareble size {see Table 7-2) it

is adequate to use unsieved samples of glass for density determinations.

TABLE 7-2: Proporticns of Glass of Various Size Fractions for

Representative Samples

Particle size (/«)

Samgple Represerntative less than (75-125) (125-250) grezter
No. of 75 than 250 ¥

Proportion
[L7A - s 2
\/0 Dy Welghu)

301 Tirau Ash 37 38 23 2
304 Mairoa Ash 56 36 10 0
307 Oruanui Fermation 65 33 L2 8

* This proportion shceuld be very small, since dried ash was crushed

through a 250 micron sieve prior to ultrasonic cleaning.

S7-5: Lateral Variation of Glzss Density:

Wilcox (1965) suggests that therec should be an averaging effect

at distances far from the projected source:
"Veriations in the composition of erupted material can take
place during the course of the eruption and have been demonsirated
in some historic eruptionsS...... But in many cases origineal
varietion appears to be averaged cut in transit by turbulence and
shearing in the esh cloud and locally by mild reworking immediately
after initial deposition, so that the makeup of the resulting bed
is remarkably uniform throughout its geographic extent. It is
hardly to be expected that a particular ash-fall deposit would

1.1
. L. - B her
heve one set of primary constituents at one locality, and anovne
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)

set at ancther locality, 2nd although varisiions occur from vplacze

0

to place in the size of particles end in the proportiocns of the
constituents, rerely is eny crimery ccnstituent *tovally lacking
in a semple, Likewise there mey be a range of composition of

the glass, but most of this renge is present in almost every

-

This is indicated in Table 7-3 which compares the densities of
the giasses in the Oruanui Formation and Rotoehu Ash as recognised in
the WWeikato district with those of the same tephra units on the lMamgku

Range (Hauraki District).

Such correlations assume that the density of the glass is not
significantlj affected by weathering. The princirel weathering effect,
at least, initially is hydration, as is discussed in Chapter 9. Ross
and Smith (1955) note that the addition of gﬂ water causes an increase
in density of Arroyce Hondo glass from 2.34 to 2.37. Thus density
discrepancies of the order of 0.04 gm.cm- mey be explained on the basis
of weathering. Unfortuately, this is very nearly the seme as the
meximum veriation of glass density between lmown tephras, and this may
limit the use of glass density in heavily weathered soils. For the
present case, this probably means that samples from the Kekepuku site
cannot be reliably correiated ty this technique. A correlation is
attempted for the three sites in the Waikato district in Table 7-%4,
wherein it will be noted that glass from samples from Findlay Park,
tentatively recognised as Tirau Ash, have slightly higher densities
than those glasses from samples prepared as Mairoa Ash at Mairoa.
£t Parawera, the samples from immediately above the marker bed, (Oruvanui
Formetion) which ere un-nemed on field evidence, bear closer density

relationships to Mairoa Ash at Mairoa than does the alleged ¥airoa Ash

higher in the stratigraphic sequence at Parawera.



TABLE 7-3: Lateral Variation of Glass Density (in gmﬁn1-1):

Mamaku Plateau Findlay Park Parawera Kakepuku Mairoa

TE RERE 2.29 - 2,32—(306):2.28 2.29(a)

ASH (1043

ORUANUI
FORMATION: 2.27 - 2.29—(307):2.28
(105)

MANGAONE
L.AI)ILLI: 2030 - 2033\
(109) | ?

2,29 —(1,06):2,27 - 2.31(b)——-(503):2.3o - 2.31(6)-—-(604):2.28 - 2.30

(a)
2.32 ((1,08):2,29 - 2.31

" (308):2.31

ROTOFHU 2.27 - 2.30) / (309):2.30

ASH (110): )//
(112): 2.30 - 2.333
(116): 2,27 - 2.325

2.32—((409):2.31 = 2,33 —— (505):ca 2.31

-

Correlation: on basis of density; - = = ~ on basis of field evidence.

(a) on field evidence is possibly Te Rere Ash but on a density basis is possibly Oruanui Formation,

(b)  all densities in this sequence seem lower than expected. \

(¢) density higher than expected.

(d)  Comparing sample 308 with the Rotochu Ash szmples from Mameku Range and Mangaome Lapilli suggests that &
it might be Mangaone Lapilli since density dees not concur with that of glass of upper Roteehu Ash, ]




Sample Density Semple Density Sample Penszits

(P/em.cn) (6/en.cn™) (e cn™)

301 T 2.30 = 2,32 LO1 T-K 2,30 - 2.31

302 T 2.30 - 2.32 402 M 2.31 = 2,32 602 M 2,28 - 2.30
303 M 2,30 - 2.32 403 2.31 - 2.32 €03 M 2.28 - 2.30
304 2.30 - 2,33 (4O, M? 2,27 - 2.33 6oL 0U 2,28 - 2,30
305 2.30 - 2.31 (405 2.28 - 2.30
306 2.28 - 2,29 406 OU 2,27 - 2.31

307 OU 2,28 - 2.29

Key: M: Mairoz Ash
T: Tirau Ash

0U: Oruanui Formation

It seexs that the density of rhyclitic gless shards is not as
useful a correlative parameter as might be hoped because of the large
natural verieation in glass density. This is presumzbly the recult of 
weethering and tends to mask eny inherent differenzes in the initially
erupted glass,

.87-6: An Attempt to Isolate Andesitic Glass with z Density Gradient

Methed:

It has already been noted that andesitic glass is not easily
separated: one wey that was attempted was to see whether it would show
up as a band in a density gradient over the apprepriate range of
solution density. Thus columns were set up with a density range {rom
2.4 -2.9 gm.m1—1, for which plots analogous to those described earlier

are showmn:
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Cherecteristics of density gradient cclumn over density range
3 A &

2k - 2.9 gm.cm O : Fig. 70%4.

Effect of time on charecteristics of density gradient column

over density range 2.4 - 2.9 gm.cm-'3 : Fig. 705.

Becazuse of the rather lesser amounts of the diluent (acetone)
used, the columns are rather more stable with time and the mean residuals
from characterising the column are smaller than those for the 2.0 - 2.5

gm/ml range.

Since it has been demonstrated that Mairoa Ash contains andesitic
ash, the felsic fractions of samples 601 and 602 were added to prepared
colunns. It might have been expected that there would be three bands,
but as Plate 73 shows there are but two. In order to determine in which
band the andesitic glass was concentrated, a bromoform in acetone
solution of density 2.57 gm.ml-1 was used to separate the components of
the felsic fraction by the method described in Chapter 2 for sepgrating
rhyolitic glass, mafic minerals and the felsic fraction. This
particular density value of 2.57 gm.ml'-1 was that mid-wey between the
observed bands. The fractions recovered by this technique were then
mulled and their infre-red spectra detemmined. From the quantitative
analysis of these spectra the proportion data given in Table 7-5 were

derived.

From Table 7-5, it is clear that the lower band observed in
Plate 73 is primarily composed of glass and quartz, while the upper band

is largely feldsgpar. At this stage it is appropriate to compare the

Hy

elsic assemblage estimated by the combination of density technigues
with infra-red enelysis of the ccmpcnents of the observed bands wiih
that obtained by infra-red analysis of the entire felsic frection as
described earlier. From the data of Table 7-5, and the proportionate

. 4.2 a o
weights of the various density fractions (Table 7-6) the proportions of
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PLATE 73 - 102¢ -

Density of components of felsic fractions of samples
of Mairoa Ash (601, 602)

The whole fraction shows & density distribution like that
shovn for sample 603 (Plate 74). Here the bands have been
separated physically prior to addition to gradient column

; :" Sample 602
: &

this band shown
by i.r. spectrum
to be feldspar,
by density is
alkali feldspar

' h!l.n_-s!g!jl'}@guuzu_!

———

this band shown
by i.r. spectrum
to be feldspar,
cuartg, & gless;

. by density the
© r~

‘ i "_\‘ feldspar is
\|‘|lf;l|‘ |kmﬁﬂm”"““H||llll olagioclase
Sample 601

upper band
(a2lkali feldspar)

lower band o
(quartz, andesitic
glass, plagioclase)
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TABLE 7-5: Determinaticn of Andesitic Glass Concentration in Felsic

Fraction
Sample
Proportion 601 €02
of X in -
fraction Density of recovered material
/gm.cm_3
*

X 2.52-2.54% 2,57  2.60-2.617 2.52-2.5, 2.57 2.60-2.61
quartz 435 35713 5,29 0 3557 5726
feldspar 86312 2127 9Lz 8828 20%, 3%2
glass® 1047 44,520 27511 1218 55511 po0i8
&

density of separatory reagent: a fraction of suspended material
was alsc retained.
+ ranges of density are of bounds in density gradient column

+ preportions are 100% - proportion of quartz and feldspar

quartz, feldspar and ardesitic glass in the totzl felsic assemblage can
be established. This date and that obtained earlier are given in
Teble 7-7 in which it may be seen that the proportions of quartz and
feldspar agree to within 105, The discrepancy for the proportien of
andesitic glass is greater beczuse its proportion is evaluated by

difference.

TABLE 7-6: Proportions of Felsic Fraction of Varicus Density for Mzirca

Ash Semples
Density Sample 601 Sample 602
-2
/en.cm 7
Proportionate weight (%)
2’52 - 205’-{- 18 19
L& 2.57 9 10
2.60 - 2.61 73 71
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TABLE 7-7: Compariscn of Proportions of Quartz, Feldspar, ard Andesitic

Glass for Tweo Peterminative Methods

Sarple Hethod Properticn Proportion Proportion
Quartz Feldspar Andesitic
(%) (%) Gless
(%
601 A 53 30 17
B 4 2 32
602 A 40 3l 26
B Ll 23 33
A: Infre-red anzlysis of whole felsic fraction (the felsic fraction

-
being of density 2.4 - 2.8 gm.cm ).
B: Infre-red analysis of meaterial separated as bands in a density

gradient column (from 2.5 - 2.8 gm.ml*' sclution density).

Van der Plas (1966) gives a series of density limits for the

seperetion of plagiocclase, alkali feldspar and quartz and these are:

less thean 2.5° gm.cmn3 elkali feldspar
2,59 - 2,63 2lbite and quartsz
2.63 - 2,67 guartz and plagioclase
2.€67 - 2.89 basic plagioclase

On this basis the upper band, which encompasses the density range
2.52 - 2.55 gm.cm-3 (corresponding to a position in the gradient cclumn
of 6.5 - 7.0 gred. mls) would be identified as alkali feldspar and the
lower band of density 2.€3 ,gm,cm‘-3 (5.0 gred. mls) would be identified
as quartz,. Accordingly, the andesitic glass, which infra-red anzlysis
suggests is concentrated in the lower band has a density near to that cf
quartz. It should else be noted that Fieldes and Weatherhead (1968)
rote that plagioclase feldspar, which are of cocmparable density to

- . 3 L 3 T\ b3 hgl e PN
endesitic glass, are commen in rhyolitie tephra in New Zezland
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Lecordingly the lower bend in the gradiemt column 1s expected to be

promirent in all samples: ir
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quartz and glass in rhyclitic samples it probably being plegicclase
.. t . - .

with scme cuartz. The occurrence of alkzali feldspar with sbundent

glass is considered by Fieldes and Weatherhesad (3968) to be indicative

of accretion of rhyclitic tephra and implies rhyolitic contamination of

the Mairca Ash, since it is in clear evidence in those samples.

S7-7: Conclusigp:

In this chapter the use of density and in perticular density
gradient techriques has been assessed as a possible means of correlating
terhra. With rhyolitic glass, the technigue is limited not sc much by
the accuracy of determination, but rather by the wide naturzl variation.
This distribution of densities is probably related to minor dif'ferences
in chemical compositicn or to differing hydration effects. Nevertheless
certezin tephra possess associated glasses of sufficiently diagnestic
density to enzble this property to be used, in particular the gizcs of
the Orusznui Formetion, which has a lower density then is typical for

rhyclitic glasses, and the glass of the Okareke Ash, for which there

f

ppear to be two co-existing glasses of marginally differing density,

Density gradient technigues may be useful in cbtairning further
information about the felsic mineral assemblage. Specifically, such
techniques coupled with quantitative infra-red analysis confirm that
andesitic glass is of the same density as quartz and plagioclase. In
fact, andesitic glass may be referred to as vitric plagioclase, since
plagicclase is inferred to be present in samples not containing
significent andesitic glass because the corresponding band is still
evident in the gradient column. The existence of alkali feldspar in
all samples whether of considered rhyolitic or andesitic origin étrengly
suggests that rhyolitic material is present in &ll tephras studied in

this work.

tsee Plates 74 and 75



PLATE 74 _ 105a -

Density distributions for felsic fractions of
Mairoa Ash

Mairoa Ash in
the Waikato
district, sample
403

lower band (601)
primarily quartz
and andewitic
glass

:T::‘---.“~f“i:i’ upper band (601)
|| I_ﬂlﬂﬂ'@w ” alkali feldspar

il

Mairoa Ash in
King Country
sample 603




PLATE 75

- 105b -
Density distributions for felsic fractions of
samples representative of Tirau and Rotoehu Ashes
— Ty —— ‘ Rotoehu Ash
Al - IS 4§ g =« « s : (sample 409)
o ‘ \l\ |‘ |11 \ l \lllllﬁﬂunnnnnuln LB
o L :EB;,;-———*" This tephra is

i . ¥ : : » said to be
dacitic

-

R | lower band (601)
: vl ™ t primarily cuartz

bllllﬂlunnmmm | primarily dua
ﬂ.4,~»-”””~”/,/ glass

T
1)

.;nn'v

11l l..lj'&“"agnl_@!“—«”'v' = |

upper band
’ alkali feldspar

Tirau Ash

E : (samole 202)
‘ rhyolitic tephra
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CHAPTER 8: MAGIETIC STUDIES AND TRON CONTENTS OF VOLCANT
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S8=1: Intrcduction:

Of bulk properties of glass, Chzo (1963) wrote:

"The index of refraction is an excellent clue t0 ..... chemical
composition. It varies inversely with silica content and
directly with the ferrous ion content. Since the ferrous ion
content reflects the magnetic susceptibility of the glass, the

irdex of refraction and the magnetic properties are useful to

predict or check the chemical data."

This statement made in respect of tektite glasses provided the
impetus for development of suitable techniques for studying magnetic
properties and refractive index, the latter of which is considered in
deteil in Chapter 9. In this chapter, the technigques of determination
of magnetic susceptibilities are described and then the resulting
ferrous ccntents and the term of ferric ratio is considered in tems

of their being correlative parameters for tephra identification.

On

S8-2: Magnetic Susceptibility and Ferrcus Content of Glass:

e
=

Chzo (1963) geve 2 plet of magnetic susceptibility versus FeO
content in tektites which is effectively a straight line. Linear
regression statistics on his data yield the equation:

X = (1.5692(Fe0) - 0.339) x T
for which the correlation coefficient is 0.98. The value of the
intercept = 0.339 x ﬂ0_6 (e.m.u./gm) is close tc the values given by

Hurd (1966) for pyrex glass and thus seems a reasonzble estimate cf the

susceptibility of the iren-free glass.

Senfile and Thorpe (1959) indicate that the total susceptibility

Ea

is related to the susceptibility of its constituents by a releticn of
{13 13 i53i) C. (ii3 + X
the form: X = XFekll) CFe(ll ; XFe(l ) Ee( 3) g’

* strictly mass susceptibility (of units e.m.u.gm )
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where X?e(-:) end va(ll) are the susceptibility and proportion of the
ferrous cpecies, with Z_ {iii) a iii ing 3

rous cpecies, wit ;?e\lll and C?e iii) being the corresponding

paraneters for ferric species
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(i.e. iron-free) glass since tektiles contain only & small amount o

)

erric oxide the term XFe(iii) CFe(iii) is negligible and accordingl
X, (i1) = 1.5692 x 107 e.mou./gn

wiere the species referred to is ferrous oxide in glass. £s expected

this differs somewhat from the value for free ferrous oxide

(x = 1,00 x 107 e.m.u./gm), (Chemical Rubber Co., 1972).

Glass extracted from the Taupo secuence of ashes was sufficiently

}-e

ron-rich to be separable on the Frantz magnetic separator. On the
basis of meacsurement technigues and the nomogram relating instruzental
settings to meass susceptibility (Hess 1266) the mass susceptibility is
I
-5 )

1.8 = 10 e.m.U. /gm. Bwart (1963) gives the ferrous oxide content of

. - A - 7 o (] A
lepilli from Taupo Pumice as 1.35% and the ferric oxide as 0.755.
Substituting this into the last-given equation yields & susceptibility of
ezoz in glass of 1.2 x 10° e.n.u./gn. This confirms that the magnetic
suscentibility can be wholly ascribed to flerrous oxide. The glesses
extracted from all other samples were too feebly magnetic to be separated

on the Frantz separator end an alternative method was sought.

1

[.1.
|_1.

S8-3: TDetermingtion of Susceptib ies by the Guoy Method:

In this technique susceptibility is determined by rating the diff-
erence in sample weight in the presence end absence of an inhomogeneous
field whose strength is greatest at the base of the sample and
jeast &t the top. For the present study, use was made of z modified
Yettler balance which had been fitted with a movable permznent megnet in

its base.
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where z is the grevitationel constanl, AV _  is the chenge in weight of
the semplie wher the magnetic field is applied and removed, 4 is the
cross-sectional arez cf the tube, H is the megnetic field strength,

K_ is the magnetic susceptibility {the susceptibility per unit volume)

0

of' the semwple, 2nd XL is the corresponding parameter for air. Now

)

23 T

y\

> ht

the magnetic susceptibility K (of units e.m.u.cm-i} is related to the
density d and the mass susceptibility X (of units e.m.u.gm-1) by the
equation: K = X.d.
whence the original expression becomes, in temms of the magnetic field
strength:
A
H o= {28 A"l"rs/"&“(xsds - Kair)} :
This equation is directly applicable to liquids, and using acetone
as a celibrant, the magnetic field strength can be determined as a
function of the height of liquid in the tube. This data is given in

Table 8-1. From the zbove eguation:

i

cH/AAW H/2 AW
’ s S

i.e. 6H (H/2AWS) dAW

i

vhere éH and dA'\’i’s ere the errors in magnetic field strength and weight
change respectively. Typically, in the case of acetone, the weight
i fference is comparzble to its associated error and thus:

di = H/2

ch gives a typical error of * 1000 Oe.

e

Wi




TABLE 8-1: Calibration of Data for Guoy Balance I: Evaluation of
Magretic Field Strength as a Function of Height of Liguid in

the Tute.

Katerials constants: Calibrant : acetone

X : - 0.5081 e.m.t.‘..gm—1
d s 0.787 gm.cm—3
Filled height Magnetic field strength

(h/cm) .(H/Oe)

2.00 1530
3.95 2640
445 2260
S5 3450
6.45 LG50
7.%5 3450

For the experimenial set-up used, therefore, the use of liguid

calibrants wes not satisfactery.

The determinate of the susceptibility of powdered sclid is more
difficult than that of liquids because:

" ... it is azlmost impossible to powder solids to the same
perticle size and to pack them uniformly up to a mark in the
tube: +this introduces variaticns in the volume of paremagnetic
air held in the pockets of the sample. Hence a correction must
be made for the susceptibility of ai r pockets in the powdered
sample by including the contributiocn:

Ko (1 - ‘-.‘a’s/v.ds)

due to the air entrapped per cubic centimetre of the solid-eir

MExtUreSeeese” - Mulay (1972).
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Vith such modificetion, the originel exprescsion becomes:

-
gDV + Vo em© (x_ - K o+ K. (4 - w/vea))
whernce:
il
B o= {zgav /(sx - K. (W /n)/a) ] ®

This expressicn is evaluated in Table 8-2, using glass from Taupo

Pumice (semple 1404) as a standard.

TABLE 8-2: Calibratior Data for Guoy Balance II: Evaluation of
Magnetic Field Strength at Various Values of Packed Height

using a Glass Sample of Known Mass Susceptibility.

Mzterials Constants: Sample: 1104 (Taupo Pumice)

Mess susceptibility: X = 1.8 x 10 e.m.u.gm

Density: ds = 2.3 gm.cmu3
Nature (1) Packed Height (h/cm) Magnetic‘Field Strength H/0e
+ 1.2 850
+ 1.9 2260
+ 2.7 3580
+ 5 3900
+ L.6 4140
+ 5elt LOED
+ 5.5 3940
+ 64 3540
o 1.35 850
o 2.10 2370
o 2.7 3240
o} 2.1 3380
o L.2 3580
o 4.9 3520




- 141 -
hat passes a 75-micron sieve, o

. Both were ccnsidered to have the szwe

p

~N 2 N . N 2
(2} The paciirg ratio (h/%_) is much larger for 1104 than in

other samples, although the density of the meterial is the same
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ther glesses.

Plots of magnetic field strengih as a function of height (h) are

iven in Fig. 801. It is noteworthy that the derived value of H is
greater for smaller particle size. This is probably the preferred
interpretaticn to one that says that the susceptibility is itself a
functicn of marticle si:ze. The iatter argument would suggest that fine
particles might have a2 lower ferrous iron content because of greater
preportionate leacking, and this would be reflected in a lower velue for
X and thus a higher value for H than might be expected. If this were
the case, larger particles would have been preferentially attracted in
the magnetic seperater, and this was not observed. From an empirical

point of view, also, this possibility seems unlikely in that if, for

TABLE 8-3: Compariscn of Iron Contents for Different Determinative
KMethods

(3) K¢ {
Sample Total Fe as XE?% FeQ\ > FeO/FeOt Xz ; Feo‘j) FeO/FeOt
rede () (1)

201 1.25 1.63(5) 1.20 0.96 1.235 0.90 0.72
202 1.23 1.89 1.33 1.08 1.56  1.10 0.90
203 1.26 1.83 1.25 0.99 1.38 1.00 0.79
204 1.31 1.28 0.95 0.73 1.03 0.80 C.5%
205 1.37 1.23 0.90 0.56 0.94 0.75 0.55
901 1.2% 1.60 1.13 0.92 1.05  0.80 0.65
202 1.13 1.48 1.05 0.93 1.08 0.83 0.73
903 1.28 1.95 1.35 1.05 1.42 1.03 0.80
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total enalysis by ztomic ebsorption, see Sec. 10-2.

(2) teing Ho as a functicn of h (Fig. £01).

(3) evaluated from the relationship: X = (1.5652.7¢0 - 0.339) x 10-0;

(%) using E as a function of h {Fig. 80%).

(5) mean value, usually of duplicate determinations.

example, the magnetic susceptibility for fine glass from the Tirau
sequence is calculated using values of magnetic field strength obtained
from the lower curve of Fig. 801, the corresponding ferrous iron content
is comperable to the total iron ccntent, as is demonstrated in Teble
8-2, whereazas ratios of ferrous to total iron is expected to be less than
unity. Such ratios are cbtained on the basis of the upper curve of
Rig. BC1 and it is on this basis that the ferrous contents shown in
Table 8-4 were determined. The ratio of ferrous to total iron content
(both expressed &s FeO) is also given in Teble 8-4. Typically, the

1

e . + -
error in the susceptibility measurements is some - 0,02 e.m,u.gm

which yields an error in the ferrous content of some ¥ 0.013 %Fe0.

TALRLE 8-4: Mass Susceptibilities end Ferrous Contents of Glasses from
Tephra Sequences in Localities 2, 3, 4, 5, 6, 9 and 10, and

selected members of the segquence at Site 11.

Nature“) Sezmple Mass Ferrous(z) Tota1(3) Ratio: Ferrous
No. susceptibilit Centent Iron to total iron

(X/e.m.u.gn ) (FeO/%) (Feot/%) (FeO/FeOT)

+ 201 1.23 1.00 1.25 0.80
- 202 1.56 1.21 1.23 0.98
+ 203 1.38 1.10 1,26 0.87
+ 204 1.03 0.87 1.31 0.66
+ 205 Co 9% 0.82 1.37 0.60
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i

Tx’ature( 1) Sample Mass Fe rrous( 2) Tot&l( 5) Ratio: Ferrous
Ko. susceptibilify Content Iren to total iron
(Z/e.m.u.gn ') (Fe0/h) (FeOT/:Z) (FeO/FeOT)
o 3503 1.02 0.86 1.22 0.70
o 3CL 1.20 0.28 o2l C.7%
o] 305 0.69 0.65 1.1 0.58
+ 306 1.02 0.87 1.29 0.67
+ 307 0.86 0.76 1.34 0.57
+ 308 0.56 0.57 1.06 0.54
+ 309 .75 0.70 0.99 0.71
+ 401 0.98 0.8 1.06 0.79
+ 40é 0.56 0.83 1.08 0.77
+ 403 .87 C.77 1.24 0.62
+ LG 1.05 0.89 1.23 0.72
+ 405 1.29 1,04 1.23 0.84
+ 4C6 C.57 0.58 1.24 0.47
) L07 1.15 0.95 1.23 0.77
+ 409 0.63 0.61 1.04 0.58
o 501 0.98 0,84 1.15 0.73
o 502 0.98 0.84 1.17 0.71
o 503 1,22 0.99 1.18 0.8
o 504 0.92 0.85 1.19 0.74
o 505 0.83 0.75 1.15 0.65
o 601 0.69 0.65 1.09 0.60
o 602 0.56 0.57 1,16 0.49
o €03 0.40 C.47 1.33 0.35
+ 60 0.81 0.73 1.36 0.53
+ 605 0.88 0.78 1.38 0.56
o 606 0.53 0.55 1.37 0.40



-t
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Nature(1) Sermrle Kess Ferrous Total,.y Ratio: Ferrcus
No. =succeptibility Ccntent(z) Ircn(J) to total ironv
(X/e.niuvegn ') (Fed/%) (FeOT/%) (FeO/?eOT)
+ S01 1.05 C.8S 1.23 .72
+ 952 1.08 0.91 1,13 0.80
+ 9C3 1.2 1.12 1.28 0.87
+ o0, - 1,07 0.90 1.37 0.66
+ 905 0,74 0.69 1.46 0.47
+ 205 1.9 0.88 144 0.61
Notes: (1)} + indicates particles of gless are smaller than 75 microns,

0 denotes unsieved glass.

6

-
b

(2) from relztionship X = (1.5692 FeO - 0.339) x 10
(X/e.m.u.gm-1), (FeO /%) .

(3) by atomic zbscrption.

This data is plotted for the stratigraphic sequences described in
this thesis in Fig. 802. On these diagrams it is seen that the glass

from samples considered to be Mairoa Ash have a lower iron oxide content
s o (d1) o (3d1)y .. , .
and a slightly lower (re Fe Jratio than those representative of
Tirau Ash, There ars two pos;.bilities to explain this:

i) the Fed content decreases with increasing age,

(
(ii) the glass from Meiroa Ash is of substantially different

(20

nitisl composition.

These possibilities can be checked by plotting the ferrous to
ferric ratioc as a function of age, using the dates previously tebulated,
and by piotting the ratio as a function of the rhyolitic character of
the whole ash, and these are presented in Figs. 803 . end 804 respectively.
In general, there is a tendency for the ferric to ferrous ratio to
increase with time. There is a wide scatter in Fig. 803 because of

Fi¥al

the differing protection of the various samples from oxidation af'forded
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bty various cepths of overburden and by variations in climete. Fig.
The worth of this latter relastionship is a little
dublous, because for the ash samples chosen in this study, there tends
to be a relationship between rhyolitic character and age; the older
terhras being more andesitic. The ratio of the ferric to ferrous oxide

in the glass has kinetic implications which will now be discussed.

S8-5: EKinetic Relationships of Iron Oxides in Gless:

If it is envisaged that the iron is itself not leached from the
gleass, but is cnly lost after oxidation, the following sequences of
reaction mey be envisaged:

2 FeO( e ——-—)FeZO

3(glass)
Fe203(g1ass) —_ Fe203( leached) (with structural breakdown)

lass)

Thus the ferric oxide contained in the glass is effectively the
internediste in the seguence. These reactions aré undouttedly diffusion
contrsiled and accordingly may be cons:‘__dered as first order. Subject
to time independence of rate constants the values of these oxide contents
may be evaluated on the basis of series kinetics from equations given by

Frost end Pearson (1961) as in Table 8-5.

TARLE 8-5: Ccncentration Dependence with Time for Series First-Order

Reaction.
Species Symbol Kinetic Relationship
™ A (initial concentration of FeO in glass)
Fy eO( ’fla°s) o
o <
g A Aoe
Fe. 0 5 (& /K - 1)(eC - Ky
2°3(gless) o . -
F (A §1+ (k¥ - e Ry /(4 - ])
‘GZOE(Ieached) ¢ ‘% { (ke )/ X)

Relative concentrations, < P Y, defined by

c»'\=A/Ao @=B/Ao Y=C/Ao
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1t ere ky is the rate
iret process znd t is the time, Combining the first
1
B/A = B/w = (R=1) 1 -ab

Ls the reaction proceeds . decreases so that the ratio of ferric
to ferrous contents would be expected to show an increase with time,
provided K > 1,0, the exact rate being dependent on the relative values
of X znd K. There is inadequate data to evaluate the relative rate
constent with certainty, since the initial iron oxide content is not
Inovz. Eowever, if the glass from the Taupo sequence, of Ewart (1963),
is assumed tc be but little altered, and further that the glasses in the

¥ similar to Teupo glasses, then the relztive

boad

Sequences were initiel
rete constent (K) is about 3.0. This is to say that the oxidation of
ferrous oxide is rate determining.

S8~6: Conclusion:

Mezgnetic susceptibility measurements on rhyolitic volcanic giass’
are a good, tut not universally applicable, parameter for correlating
teghra. Glass from the Taupo sequence of eruptions can be separated
rezdily by magnetic methods and such techniques cculd be used to
determine its presence in localities wherein it has not been thus far
scugnt. Such a method, depending primarily on the ferrous content of
the glass, is likely to be useful only for comparetively unleached
glasses (which implies either young tephras or tephras protected from
weathering processes) or from glasses having an initially high ferrous

content.

For other glasses the magnetic susceptibility may be of rather more

1imited use in correlation, although the variation within a strati-

graphic sequence may give some indication of likely identificaticns.



11

=
H

Similarly, the ferrcus to ferric ratio may be diagnostic, and since it
rises with increasing exposure to the effzcts of weathering,
it may bte irdicative of the age of the glass. The ferrous to ferric
ratic can be considered on a kinetic basis which suggests that the
cxidation of ferrcus ion within the glass rather than the loss of ferric
ion from the glass is the rate determining process in the achievement

of a given ferrous to ferric ratio.
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£ techniques, Wilcox (1965) cbserves
that the refractive index of the glass is likely to be "one of the
features expected to be consistent throughout the extent of the ash-
fall deposit," but add ions:
1 posit, ut adds a note of caution: .
"The refractive index of the glass increases with hydration and
the general agreement in refractive index of ash shards of a

particular fall over a wide range of climatic envircnments may

therefore rest on a generally similar degree of hydraticheecee.”

Thus refractive index cannot be uee“ully discussed without
reference to the water contents of the glass, since this affects not
only the value of the index, but also the accuracy with wihich the
determinaticn needs to be madse. In this chapter, technigues used for
the measurement of refractive index are critically examined prior {o
their spplication to glasses from the samples under study. From the
data obtained from the samples, a method of geclogic dating based on

the water contents of rhyolitic glasses is examined.

S9-2: The Accuracv of Refractive Index Detemmineations:

-

In mest petrological work refractive index determinations are
carried out on the stage of an ordinary petrological microscope by
successive trizls in immersion media of slightly differing refractive
index. Dodge (1949) estimated that fcor such a technique with crushed

inerel grains using a set of liquids of interval 0,002 units of
refractive index gives an accuracy in refractive index of :0,001,
Ross and Smith (1955) kave noted in their determminaticn of the effect
of water on refractive index that this changes the fourth decimel place.
They note the difficulties of preparing a set of liguids accurate to

four decimal places, and certainly they need to be checked more



e $ } s - . .
requently iker is rcutinely dene in petrology laboratories, The

liguids cen of course be mixed znd when a liquid of appropriste refrec-

tive index is obtained, then its refraciive index can be determined on

an hbbe refractometer. This is a clumsy procedure and further reguires
that the refractometer and micrcscope stage be at the same temperature.
This lest requirement usually necessitates the stage being cocled by
circuleting water, which also passes through the refractometer, since

the temperature of the stage has been shown by Micheelson (1957) to

increase significantly with time.

£1]1 of these difficulties can be circunvented by the use of a hot-
stage method. Althecugh this method is referred to in many texts on
microscopy (for example Chemot and Mason (1958) end Hinnawi (1966)) it
seems to have found 1little acceptance in petrolegy. It has, however,

found application in forensic work (Rees, 1958).

Nelsen (1959), for example, in a study of headlight glasses;
found it pessible by this technigue to distinguish glass shards over a
refrective index range from 1.5100 to 1.5220 to ean accuracy of *o.0001.
Farlier work by Finch and Williams (1958) en=bled the distinguishing of
refractive index of glass chips from bottles whose refractive indices
varied between 1.5120 and 1.5170 {a range of 0.005) and a similar study
on fifty headlamp glasses by Green and Burd (1949) enabled similar
geterminaticn of glass chips over a 0.C03 unit renge. Clearly, then
this technique seems best able to achieve the accurecy required if water
contents are to be considered in relation to refractive index, and it

will now be described in deteail.

. . - . ] T - - . x e
S¢-%: Determinaticn of Refrective Index by Thermel Variation Methods:

The hot-stage method, first described by Gaubert (1927) and BEmmons
(1928), invclves heating the sample, immersed in a suitable liquid whose
refractive index varies with temperature in a known manner, until

equivelence of refractive index is achievec. The temperature at which



at wnich the Bec

5’1‘
]
130
o]
¢/]
o8]
[WH
m
[0
3
3
[o]
o
Iat
1]
5
£

coincidence tempereture, from which the
re’ractive incex is determined may be taken as the mean, FHowever, this
is not always practiceble, sometimes because of the temperature involived
(see Sec. 9-4) or because of the high optical dispersion of either the
mineral or of the liquigd. This latter difficulty can be overcome by
using moncecrematic light or by a "double variation method" described by
Grabar and Principe ( -6)) whereby the variztion ¢f refractive index
with beth temperature and wavelength of light is empleyed.® One of the

adventeges of the thermal variation method is that unless much of the

immersion medium has been lestit, either by the expansion of entrapped

Il 0l

m
1
"3
o

ubbles, or by heating the specimen such that the liquid is near its
boiling point, the determinative prccess can usually be repeated meny

times with the same specimen or even the same grain.

The principal recguirement for this techrique is of course the hot- -
stage. Hezled stages that may be attached to biologicel-type micro-
scopes (i.e. microscopes without revolving stages) are availabie but
the semple holder can usually only teke very small samples crushed
between two cover slips, and, of great disadvantage, the positicn of tkre
sample cannot be 2ltered while heating is in progress. Much to be
preferred is & hot-stage microscope with provision to move the slide

about the stzge even while heating is in progress (see Fig. S01). Hot-

* t is an interesting compariscn with the ferensic work given
ezrlier that these latter authors estimated an experimentsl error of
*0.0016, but consider that if two glasses were present in the same

sample, a dispersicn difference of 0.C008 could be observed.
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stages th ectrically are probebly preferable te those

heated bty circuleting hot water, in that although the latter can te
coupled to 2 refractometer for determining the refractive inéex of the
ligquia at the varticular tempereture, eguilibrium cf the circulating
vater needs to be established between readings, thereby inordinately

increasing the determination tirme.

Clearly in this technigue, the estimation of temperature is of
paramounti importence. The usual errors in this regard arise because
the microsccpe slide may not be at the same temperature as the heated
block in vhich the thermometer is usually placed and because of the

¥

time-las betreen observing the mireral and ncting the temperature. An

K

estimation of the magnitude of the first of these can be made by using
thermoccuples to monitor the temperature difference between the top of
the slide and the hested block. This is negligible for the Xofler
model used (see Fig. 9041) but is significant for the modified micrcscope
type ezrlier mentiored. The overall effect of the two sources of errcr
can be determired by establishing a calibration curve of thermometer
temperature versus slide temperature, the slide teﬁperature being
defined by the observed melting points of known orgaenic compounds, or

by the refractive index of stendard glasses or minerals. A very
effective method of removing the time-lag error is a simple pulse
errengement in a thermoccuple monitering circuit as shown in Fig, S01.
7ith this arrengement the operatcer simply depresses a switch when he

observes the coincidence temperesture and this action is registered on

the temperature-time trace scribed by a recorder.

S9-%: The Choice of Immersicn Media for the Thermal Veriation Methced:

The most suitable liquids for this technigue are those whose
refractive index varies in a regular, and preferably lineer, manner with
terperature. If the latter is the case, then the temperature at which

the refrective index of the immersed solid equals that of the liquid is
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T is the temp
tive

giver bty the expressicn: n, = n, - (d
s e
in which n_ is the refrective index of +he sclid, T
-~
<4 s A} . K3 . o = i o -
&t viniich there is coincidence of refractive index, n, is the refrac
index of the liguid at temperature @ , and dn/dT is the tempersture
ceefficient of refractive index for the ligquid, generally between
A
(Hinnawi, 4966). It is desireble that the liquid
pressure over the temperature interval
index range of interest to minimise

G.GOCL andé G.0007 XK
ve a lcw vapour

chosen shculd hav
corresponding to the refractive
eveporation of the specimen preparation as the determinstion proceeds,
Vapour pressures of liguids heave been tabulated (Chemlbal Rubber Co.,

Atmos-

- 0.2185 A/T + B

index (such
f'or ex

1572) on the basis of equations of the form:
log p(v) = .
where p(v) is the vapour pressure and A and B are constants.
pheric pressure, being the vapour pressures of a liquid at its boiling
point, can be analcgously expressed as:
p(a) = =-0.2185 4/7(b) + B
where T(b) is the normal beiling point. From the two expressions
the reduced vapour pressuvre T may be expressed: )
leg T = 0.2485 A 1/7(b) - 1/T.
Now the refractive index of & pure liquid varies with temperature by
the relation:
n = n(6) - (an/aT)(T -6)
where n and n( @ ) are the refractive indices of the liguid at temperatures
T and’é‘reSPectively. Combining these last two eguestions yield an
expression for Il in terms of the refractive inde
1og W = 0.2185 A. {(1/7(b) - (an/a?))/(r, - n + (an/ar) )}
This function is plotted for selected liquics in Fig, 902, The liquids
Geemed to be most suitable for determining minerals of low refractive
as rhyolitic glass) are shown as broken lines, liquids
suiteble for minerals of rather higher refractive index (quart feldspar
ple) ere shown as solid lines. Attention
itrobenzene end

and andésitic glas
is drewn to the particularly low vapour pressures of ni
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trotoluene over the refrective index range 1.9 - 1.53, vhich weuld

Lle

C—-n

make these media particularly suiteble flor the succecssive determs

ninziion
£ <3 . . - 3 . v
¢f a suite cf leucocratic mirerals in one specimen preperation of tre

sexmple. It would be possible in fact to use either of these liguids in

e

the cdetermination of the refrzctive index of rhyolitic gless but their

1igh texicity by compariseon with aniscle makes the letter preferable.

L further consideration in the choice of immersion media is the
velue of the coincidence temperature in relation to ambient. Heat loss
effects and ciouding of the cover plates become greater at elevated
temperetures ard as a gereral rule, if the ccincidence temperature

exceeds 350 X it is wise to seek an aliernetive medium.

S9-5:  Temperature Coefficients of Refractive Index:

One of the criticisms of the technique of thermal variation
refractive index determinations is that the assumption reeds to be made
that the refractive index of the solid changes by an insignificant
emount with chenging temperature (Chamot end Mason, 1958). Most
proponents of the technique refute the critieism, but do not offer ary
guide as to how the viability of the criticism may be tested. In
erpirical estimate of this effect caen be achieved using the coefficients
of exvansion and the refractivity of the material under consideration.
Now, the expression for the temperature dependence of refractive index
mey be written as the differential equation:

én/dT = - M
where /( is the temperature coefficient of refractive index. The
relationship between density (f) and volume coefficient of expansion
(&) mey be expressed in terms of a differential equation:

ap/aT = -op

1

Now density and refractive index can be relested using the Lorenz-Lorentz
forrula (Partington, 1953):

n~_ -1.1 = R
(2 ~
n+2()



wiiere o 15 the refrectivity 3

ba &c ¥, & vecnstant depende

o
3
+

or
arrangement, M is the mcleculer weight and X a constant.

these relationships it ¢ be shown thet:

M= d~{(n2 + 2)(n2 - 1)/6n }

value of this relationship is demonstrated in Teble 9-1

H

o

(o]
Ie]

ch

sredictive

various liquids and solids, and the “emperature coefficient of a

tyrical glass is evaluated. From this it may be seen that the

temperature coefficient of the glass is scme 4O times less than that of

the ligquids used. For the medium, anisole, the coincidence temperature
for volcanic glass is about 320K (some 30K azbove zmbient temperature).
For such a temperature rise a reduction of some Q0005 units of refractive
TABLE S-4: Evaluation of Temperature Coefficients of Refractive Index
ty an BEupirical Method and Comparison with Literature Values.
Substarnce State Refractive Coefficient Temp.coefficient Temp.
index of cubical of refractive coefficient
(n) expanségn index {calicula- of refractive
- (a/K ) ted_ index (/,(/'K“‘)
—(/A/K ) 1iterature)
-5 -
erdline  liquid 85 x 1077 6.2x 107 5.0 x 107
vater liguid 1.331 21 x ?0‘5 7.8 x 10“14’ 8 =x 70_1"
polysty- -5 -5
rene solid 1.587 3 x B.6 x 10 18.6 x 10 ) e
-5 -5 };g ox 10 7
perspes solid 1.491 3 x 8.5 x 10 iL.7 x 10
class solid ca 1.50 2.55 x 1070 1.5 x 107 -
Data on refractive index is that near 20°c (293 X). A1l literature
dats and meterials constants are from Kaye and Leby (1966).

index is expected and it thus appears that there may be a consistent

discrecency of 0.C0C5 magnitude. This would of course have no tearing

refrective index relaticnships in forensic work in that such

studies involve the determinaticn of glasses

Ve

~
(%

(. A

suff ertly small to negate this effect and alcso because interest is

= o i - « -'.J-" Y va Ees .
centred on relative values between samples rether than on absclute values



- 925 -
The sea- \ Sadd v . . .
~ne sere mey be szid when volcanic glasses are being comrared one to

.'n | SPae - 2 ~ e 1 - - - -
another, riovever, 1n studies wherein the glass is being related to

o4 P | . ) - .
Some exiernal variable, as for exemple when water contents are beirng

considered, allowance should be mede for this effect, although the error

O
)

the ceterminaztion is usually of comparable magnitude.

L nk - - -
SS-6: The Devendence of Refractive Index on Particle Size:

It will be recalled from the discussion of densities that there did
appear to be some variation of density with particle size, although
there were doubts whether this phenomonen was real or apparent. One
way c¢f assessing this is by determining refractive indices of various

size fractions for glasses. For comparison with the density data, the

same sieve fractions were used and representative data is presented i

n
Fig. S03. In this diegram, it is seen that the coincidence temperature
at which the refractive index of liquid and glass concur generally rises
with increasing particle size. This is to say that the refractive index
is higher for smaller shards. This effect is particularly marked in
glasses from tephra that have been subjected to prolenged soil precesses,
as for example, semples 302 and 30L4. The effect is less obvicus in
glasses of tephra buried shortly after depesition, as for example, the
Oruznui Formation and Rotoehu Ash. This size dependence is probably
releted to the greater susceptibility of smailer sherds to show
hydraticn effects than their larger counterparts. The only exception
to the size dependence encountered was the upper portion of Okareka Ash
in vhich the trend of refractive index with size is reversed; this may
be related to the double-band density character of the glass previously

referred to.

The range of values of refractive index is comparzble flor a2ll the
size fractions, and this suggests that the ircreasing density distribu-
tion for larger sized particles previously noted is related to the
problem of grain "1iberation” rather than being a functicn of the

R ot d s o et d " .
material. The variation of refractive index with particle size
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indicates the need to specify the size of particle being determined

this thesis the size fraction

constituvents are of less than 7?/& éiameter.

S9-7: The Use of Statisties in Refrective Index Determinstions:

The refractive index of a glass was generally determired 2bout
six times, or more until consistent results were cobtained. The values
obtained were averaged, as were the mean residuals (the mean difference
between the mean and the constituent values). The mean residuzl is

taken to be the deteminative error, and is typically some 0.003 units

of refractive index,

Tren the refractive index of the glass of the Mairoa Ash sampled

o
ot
ot
-
m
[ED
H
o
o
P-

tself was determined, the upper members were found to have a

oy

igher mean residual than was typical. L closer examination of the

(o]
o]
3
ot
i
o
©
ct
e
=
()]
[o7]
m
ct
N
e

ndicated clusters of readings around two values,
Thus “he Mairoaz Ash contains two rhycolitic glasses of differing refrac-

tiye index, which indicates that either the one source er rupted two types

. - -
o? rhyolitic glass, or that more than cne source was invoived. The

]

refractive indices for the Mairoa Ash sequence are given in Fig. 904,
The lower valued glass is not found in cther localities where Tla‘groa Ash
is suspected, tut as 1s discussed in the next sectiop, these refractive
ingdices are nevertheless lower than is the case for rhyolitic glasses
zssociated with the Tirau Ash sequence. This may be evidence for the
interdigitation of the tephra units, although at these localities the

mean residuals for the Meiroa Ash glasses are not significantly greater

than their Tireu Ash znalogues.

* a3 2 ol T yray Aghe
S9-8: Refrective Indices of Glasses From Mairca fAsh and Tirau Ash:

For the sequences of ashes previously described, the refractive
sndices of the associated rhyclitic glasses are given in Fig. 905.  0Of
particular significaence is the fact that the glasses of the Tirau £sh
& T T

seguence of ashes have a higher refractive index then their Mziroaz
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showing a gradation (on field

enalogues. Lceordingly, a seguence

fu

criteria) from Tirau Ash to Mairoa Ash znd thence to Oruanui Formati pIEd
would be expected to chow a minimum in the profile. This is, in fact,
observed. As will be shown subseguently, increasing age may be
expected to increase the refractive index beczuse of hydration effects,
if the weathering regime and chemical composition of the originally
erupted glass have been invariant with tine. Tnat there is a minimum
in the curve is suggestive that either or both of these factors are

involved.

It is noteworthy, however, that the refractive index that defines
this minimum varies from site to site, as does the value of the refrac-
tive index of glass considered in the field to be from the Cruanui
Fomation. The variation in this latter case may be due either to the
effect of its being mixed with the overlying Mairoa glass or to weathering
effects. It has zlready been noted that glass weathers initially by
nydretion. In Section 2-9, this hydraticn process will be treeted in
more detail; suffice it here to say that hydration increases the
refractive index. Accordingly, one might expect that the refractivel
indsx might rise with increasing infiltration for a given glass. Such
a variation is shovm for Oruanui glass in Fig. S06. On first appear-
ances such a correlation would eppear to be susteined, but curiously,
sample 307 deviates Promn the correlaticn line while 503 lies on it.

This is curious because on the basis of glass contents, the empirical
estimste of infiltration for the Kekepuku site (503) is rather too low,
whereas that for Findlay Park (307) would seem to be reasonable. Since,
in fact, the refractive index values of samples L06 and 503 are close to
the lower values zssociated with the Mairoa Ash sequence, it may be that
these samples azre Oruenul glass contaminated with glass of the Mairoa

. . n PR3 ~ N Lo o s . .
Ash, and theat the refractive index of Oruvanuil glass iteelf is largel

&t

. . o . N Q ~ . -
independent of the locelity in which it is found. Such a conclusion is

. . au . or
in agreement with the conclusion reached by Steen and Fryxell (1565),



;Lfractive index relationsnhips betwecn
ontasinated and uncoataminated glasseo
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refractive

index prchbably
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on glasses from lzte Fleistocene
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eshes in the United Stzites, 21t

) > L] ) . -
their experimental technique was such thet 211 but the largest differences

in refractive index due to variebility in hydration weculd be masked hy

the determinative error.

It will be recalled that two rhyolitic glasses were fownd in the
Mairoa Ash glasses at Mairoa. If the glass of lower index (1.4977} is
taken as the value for uncontaminated Mairoa Ash glass, and that of
higher index (1.4992) as that of uncontaminated Orusnui, then, with the
knowledze of the "average" refractive index the degree of contamination
mey be estimated. Such estimates are given in Table 9-2. Similer
effects mey be expected between the lower Mairoz and Oruanui glesses in
other sites; corresponding data for the Kakepuku site are included in

Teble S-2.

TABLE S¢-2: Estimation of Contamination of Rhyolitic Glass f'rom Oruznui

Formation and lairoa Ash.

Sample Refractive Prop. Orginui Prop. M%%roa
index glass (%) glass (%)

Uncontaminated rhyolitic glasses:

{(2)
Mairoa 1.4977 0 100
Oruanui 15892 100 c

Contaminated rhyolitic glasses:

501 14980 20 80
502 1.4979 27 73
503 1.4980 L7 53
s01(?) 1.4583 35 65
€02 1.4983 46 S
503 1,4983 47 &
1406 1.4980 20 80

JEN
(@)
l@]
(@)

407 1.4993




Notes: (&) These values from the upper Mairoa sequence, two glasse
recognised on basis of refractive index.

(b) mean determined value: this value is inherently weighted

to allow for the proportions of the constituent rhyolitic glasses.

On the basis of this table, it is clear that there has been some
reworking of the material that comprises the Maziroa 4Ash segquence. This
of course has some bearing on the ages previously assigned, and these

ages may be corrected by the use of the equation:

Pg(CU) x 20 + Pg(m) X tm =t

where Pg represents the proportion of Oruanui (0U) or Kairca (M) glass

in the rhyolitic gleass, t

N is the age of the ash deposit allowing for

the correction, and t is the age found in Chapter 6 (efrectively a
weighted mean age). Under these conditions the age of the Mairoa Ash

eguence is between some 15 and 17 thousand years at Mairoa itself.

n

=3
o)
e

<
<

4

s in closer accord with the dates from the more easterly sites.
Bogause of the uncertzinty of the weathering rate censtant for the’
Kakepuku site, such correction procedures do not give any more satis-
factory estimates of the dates than have been given previously, in other

words, for the purpose of the sbove egquation t Is uncertain.

The possibility exists of a similer kind of mixing beiween the
mirau and Meirce ashes themselves, and such an effect may account for
the tendency for the minimum in the refractive index versus strati-
graphic position profiles to be &t lower indices for the more westerly
sites where the Mairoa Ash component is more prominent. Since, however,
the deposition of the sequences is, by the correction procedure just

.y g o A Taes
discusssd, rather more contemporaneous than would be suggested by

o

effect on the assignment of
7

Chapter 6, such mixing would have 1ittl

ol irmit \ AT et ~
ege. Such interdigitation effects may however limit the usefulness of

T

. P SFlroose 3 L Y ::'..1
chemical analysis of bulk samples of glass: this escribe 1

e
o
e}

5
~

Chapter 10.



- 130 -
t will be recalled from when the technique of the refractive
index detemination wes being described, thuat the terperatures couwld be
noted whereat the Becke line disappeared and where it re-appeared.
These termperature differences are indicated on the upper curve of Fig.
om this plot it is seen that there is a tendency for glasscs
associated with the Hairca Ashes to have higher values of this perameter
than those of the Tirau Ash. It is difficult to ascribe a reason for
this, but it probably represents differing strains set up in the glass
because of different eruptive mechanisms in the ejecting of rhyolitice
glass from rhyolitic vents and andesitic vents. The recegnition that

rhyclitic glasses are associated with andesitic eruptives is a fact of

itself worth noting.

Correlation of the refractive index of the glasses comprising the
two secuences with possible parent glasses is @ifficult because of the
contaminetion of the tephras. The glass from the Rotorua ash (sampled

at the Tepzpa Road site for Tirau Ash) and the Rotoma Lsh (sampled

o

rathe

H

neare

H

to source) are similar to those comprising the Tirzu Ash
sequence as far as refractive index is concerned. This does not
conclusively prove their inclusion in the sequences, but they are
certainly more likely to be present than the glass from the Taupo

Punice eruption which has a significently higher refractive index.

¥ention has already been made of the effect of hydration on
refractive index, and it is to a discussion of this that the remainder

of this chapter is directed.

S6-S: Tzter Contents of Volcepic Glasses and their Effect on Refractive
Index.

“ater contenis can be experimentally determined by heating the
specimen and measuring the loss in weight of the sample or by measuring

the volume of water quanvitatively zhsorbed. The former, which may te

considered a “"physical" rethod, suffers from the drewback that:
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t the water content only in the
azbsence of similerly volstile constituents such as €0, ¥, &, C:

ires the absence

-
e
4
©
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of constituents that are reedily oxidised or reduced during

igniticn, chief among which is ferrous ion." - (Maxwell, 1988).

This lest objection is not removed by "

chemical” methods, since
the sample is still heated - the difference being that the water content
is deternined by guantitative absorption. Under these conditions the

only augmentation on diminution of water content is that arising from

dation or reduction processes. In the case of ferrous icn this

}.l.

oX

process may be written:
vH20 + 2FeO———~——+-Fe20 + H
R t

rom the stoichiometry of thic egus n, each percent change in the

v

7 .
TeO content changes the water content by only 0.1% (vy weight).
T‘\—

Experiments by DPrysdale et al .(1963) confirm that this effect can be

or those glasses in which the ferrous content. is

o
on
o
o}
(o]
Ca
o
A
r
(¢
0]
r1.
)

exceptionally high. The equation is probably better represented by:

;-1.

;.v.

i
>1as (glass) 2

~ +
g
The existence of hydrcgen in bubble cavities as required by such an

HO + Fegi%) )——————»Ebé ) + OH,

(ra

equation hes been disputed by Friedman (1958), and it may be that

attributing veriztions of water content to this prccess is unnecessary.

It is usual to tabulate the values of water contents at two
- o} - A (o} o~
temperatures, generally at 105°C (HZO ) and near 1000 C (HZO ), In
fect. water is lost at 21l temperatures and the precise water content is
s W

said to be as dependent upon the duration as the temperature of dehydra-

rmichzel, 1960) end it has been further suggested

®

tion (Butler, 1961; C

)

=tion with data

s
~

= 1lzbor
that weight loss data should be interprsted in co or

-

ti

4]
[N

from differential thermal enalysis (Chalmers, 19€L). nteresting

. . s o o et
to compare the various water contents for different determinative



methods and this is done for some litersture data on pumice glassec in
m o - .
Tetle 3-3. Ir general the weight loss at red heat is very neerly the
velve H,0V, eng as expected, s th 1 s ieular
o7 s Eng, xpected, since the pumice glasses are vesicular,
Trom the physical determinations are usuzlly merginslly
. The relationship betwsen the
For the investigation

chemically determined

the results
is more erratic.

than those
- 2 Cn . -

£ at 105°C and HQO
camples fer this thesis, the good agreement of values for a

hrigher
glass of low vesicle content (member 19 of Table 9-3) suggests

o)

weigh

of the
that water contents of glasses may be useful in correlating tephras.

ch

weathered
{1955) note that there appear
the structure

s, Ross and Smit
fzr as

For rhyolitic glas
f: as
h is initially present when t glass

to be two different types of water pre
the glazss is concermed: one whi

s first erupted, amounting to some tenths of a percent and removed only

another which acquired as a result of post-

r of the only are

Tre

S e
- W

+
[42]
4]

d

i
an
Glasses with water

7ith difficulty;
those which have both are "perlites.
bsidian could be

eruptive weathering.
termed "ctcidiens,
thors cshowed that on dehydrating a periit
On the basis of the temperstures required to expel these two
besidian” weter should be identi-

water with the sum

formed.
vater types, it would seem thzt the
0" and the "perlitic"

fied with part of the
of the Hzo‘ and the balance of the Hzo
Ross ard Smith (1955) also observed that the ratio of the chan
lcss was essentially
2 ot of refrac-

<

dex on dehydration to the wate
[}
S 25 is showm

constent for each of perlitic and obsidian glasses
tive index versus water contents thus h twe distinet pa
hort steep portion being associated with the loss of

gs of perlitic

e sh
anéd the flatter portion with the los
ractive index on dehy

other date given by these

water,
By plotting values of the change of
for Arrcys Houndo

to

water.
dration as a function of water contents for
hzat these lie close

zuthors, it is seen
1ass (plotted es the solid line on Fig. 507)
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TABLE 9-3: Comparison of Water Contents of Rhyolitic Glasses Determined "Physically" ond "Chemically."

Glass Sample( a) Vesicle Physical determination de tzl:ximiziij%on Rotios
con!;ent of —
ass;fx;?iid at 1o5°c(b) et red heat'®) total B0 H0  Total *-ﬁg(‘d) W oW
W, /i W/ LY VAR T P W 75"- —i

Taupo lepilli'?) 6 0.40 2.73 343 0.7% 2.63 3.37 0.5, .04 0.93
Member 5 60 0.40 3,31 3,71 0.86 3.20 4,06 0.45 1,03 0,92
Member 8 62 0.65 3.00 3.65  0.82 2,87 3.69 0.79 1.05 0.98
Member 14D Eupper 63 0.61 3,22 3.833 o.zsf) 3.4 3,54 g 1,53 1,02 1,08

(lower 70 0,60 3.18 3.78 ) ( 1.50 1,01 1,07
Waimihia (15) 73 0.3k 2.7 3.05  0.46 3.47 3.93 0.7 0,78 0.78
Member 190¢) 35 1.63 3.53 5.16  1.63 3.52 5,15 1,00 1.00 1.00
Member 24 éupper 55 0.67 2,76 343 ) 092 4.36 4.80 ( 1.53 0.63 0.72

(lower 50 0.62 b o5 5.o7§ 5 141 1.02 1,06
Member 25 (upper 58 0.46 54,00 L6 ) oftf;g 3.92 440 (0,96 1.c2 1,01 :

lover 65 0.58 2443 3.01 ; § 1.29  0.62 0,69 >




- i3k
Q. 7.
Pzl
: (&) from Fwert (1563), &ll samples of essentially the sam
tulk compositicn,
) Compzrakle to H20 Geterminations from point of view cof
m point of view of

cernydration {emperature.
-+ .
Comparable to H O determinations from

(c)
dehydration temperature.
(d) Differences are cuite marked for water lost at low

temperatures, rather less so for the other ratics.
~ «l

eter is needed to de

(e) Althoush there is mo definite correlation
centent enc the ratio, it dces appear that the ret
unity as the glass beccomes less vesicular, It is also of
interest that this mple should & this result, since in spite
of the similarity in chemical composition to the ciher glasses it
is claimed by Ewart to be weathered.
(£) Erart does not indicaie whether this is z mean value, but
irn that it is rot designated as "upper" or "lower" it may
presumably be taken to be a mean value.
In corder to determine the weter contents of glasses on the beasis
of refrective indices rather than by direct determireticns of water
fine the refractive index
frective

centent, some other param
of erhydrous glass. Only then can values of the change in re
index of hydration, and hence the water contents, can be determined
Sc_1C: Persmeters forrelative with Refractive Index of Anhydrous Glasses
Eyemination of the data on refractive index and density of tektites
frcz Chao (1963) end similer data for synthetic glasses (Xaye end leby,
1666} yields a relasticnship given by the equation:
n_ - 0.103‘6 +  1.25%
0 0
i1tes and synthetic glasses have very low water



contents, it is reascnzble to assume that the plot chiaine

d
refrective index versus dry density, symbolised as n, and P

respectively.

Now the density of a glass does vary slightly vwith hydraticn.
Tilley (1522) claims that the density of a glass was reduced for
increesing water content, but Ross and Smith (41955) in the study,
already referred to, suggested that the density was increased and their
data is represented by the equation:

e = Po + 0.0086 W
vhere @ is the water content. Kow for the formation of perlitic glass
from ctsidiaen the relationsnip between refrective index and water content
over the range AC can be expressed as:
n = n  + 0.00397 (from Ross and Smith (1955))

Corbining these three equations yields:

"

W 323n - 4Ok -~ 33-3(3

The difficulty with this approach is the large error introduced
beczuse of the range of density vealues. Typicelly the principal band
spans a censity range of 0.02 gm.cm-3 and this would introcduce an error
of some iO.&% in water contents. By comparison the mean residvel for
refractive index (about 0.000S) introduces en error of szbout O.%5.
Since on Fig. 907 a change of 0.6% in water content has an attendant
change in refractive index of some 0.0C2, and this is considerably in
excess of the differences in refractive indices of the varicus glasses,
density is not a good parameter to use as indicative of "anhydrous®

refractive index.

ve

Ko

Another approach is to use the reletionship between refract
jndex znd the preportion of & constituent oxide. Since the refractive
index is a bulk compositional parameter dependent on all oxide components

, but neverthe-

.

e (71 ~ 10¢€
such a procedure may be of doubtful vealve (Matthews, 1951

7 t3 o] sy r 2hle £
less since composition data can be obtain ed t acruracy comparable to
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#re cutweighed by its precticality. The obvious compesitional relatic
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The disadvan
tage of this cheice, as shown in plots by George (1924), Metthews {1551)
ard Cheo (1S63) is thet the relationsnip is not regular, By contrast
ive index to ferrous oxide contents is
essentially linear as is shown by the high correlation coefficient when
linear regression statistics are applied to the raw data for tektite
glasses, A similar relationship was assumed to hold for pumiceous
rhyolitic glasses from Ewart (1963), for which the linear regression
statistics are shown in Table 9-4., The correlation coefficient is
lower in this case because of the fewer data points and because of the

lower zccuracy in the refrective index determinetions.

TABLE 9-L: Lirneer Regression Statistics: Refractive Index (n) vs

Ferrous Content (Fe0/%).

Pareameter Tektites Dehydrated Volcanic Glass™®
Correletion Coefficient (r) 0.966 0.864

Intercept (b)* 1.4668 1.4757

Siope (m)* 0.C0773 0.0057

* refractive indices of dry glass eveluated by subtrecting from the

measured refraction index the increment in refractive index
determined from the water contents by Fig. S07.

+ Intercept and slope those for the equation n, = m (Feo) + b.

As indicated previously the ferrous oxide proportions can be

t

o

conveniently determined from the magnetic susceptibilities, and thus
is possibtle for water contents to be determined indirectly, on the basis

of physicchemical properties.



~d

SG-11:  Weter Ceontenis cof Glesses as e Furction of Site and Are:

T ze ced arli 3 i
It weaes deduced earlier that refrzetive index was effective ely

irdepencent cof site. To determine whether the water contents of volcanic

glass are alsc independent of site, water contents of glasses from
Oruanui Formeticn may be determined as in Sec. S~-i1, znd considered in
relaticn to present conditions prevailing at the sites. Date for this
is given in Tzble 9-5. If the water contents were temperature dependent
they would be expected to decrease with increasing elevation of the site.
In fact, if anything, the reverse trend is noted which suggests that the
hydration process is more dependent on infiltration (which generslly
increases with altitude). Such a conclusion is of course consistent

with the model of glass weathering previcusly mentioned (Ruxtcn, 1968),

J-to

ct

and elso concurs with the results of the experimental diffusion
studies carried out by Friedman, Smith and Long (1966) who considered
that the corcentration of water in the hydrated glass is independent of

the hydration temperature.

The low water content of sample 5C3 is surprising in that cther
evidence has suggested that the material at this site has been more
heavily weathered than expected on the basis of climate, and that
edditionzl water, perheps by laterzl flow, has aided the weesthering
regime. There is also the possibility that some of the hyGration shell
of the glass has been removed, as is described in a later ssction. It

-

is also of interest that glasses lower dcwn in the depositioral sequence
of a given terhra have a lower weter content tharn their counterparts

higher up the sequence. This is shown clearly in samples 604, 665 and

\0
AN
&

4o

905, 90 53 presumably attributed to the lower sample being protected

from the rigeurs of climate and scil formation virtually since depositicn,
Tt is of interest to compare this situaticn with that of Retoma Ash and
its baszl lapilli. In this case glass of the lapilli bed has a higher

. . 2 o - Mg - This TresStS
water content than the overlying Ash (see Teble 9 6). This suggests



TABLE 9-5:

Water Contents of Oruanui Glasses from Various Sites :

Comparison with Site Data,

——

Water Content Data

Site Data

. 4 ' (6) (7)
semple FeO-c;ntent( ) no(z) n(3) gAn An (&) Wii) Elevation Infiltretion Depth of
% ' n-n “% Burial
(Zo.0m%) 20.000%) (%0.0003) (2).0808) ( n-0.0008) (go.f%) (h/m) (I/cm) (d/cm)
307 0.70 1.4797 1,499, 0.0197 0.0149 415 150 66 121
106 0.53 1.4787 1.4980 0.0193 0.0145 4,03 138 69 121
503 0.90 1.4808 1,498 0.0176 0.0128 3.55 60 8l 61
604, 0.65 4479 1.4993 0.0199 0.0151 4220 ; ( 101
(8) 360 162 (
605 0.70 1.4797 14992 0.0195 0.0147 4.07 ) ( 104
905 0.63 1.4793 1.4997 0,020} 0.0156 .33 ) ( 101
B (8) ) 270 182 (
906 0.85 1.4806 1.,4.998 0.0192 0,014 4,00 ) ( 11

it
o
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Teble S-5: Notes:
(1) on basis of pegnetic susceptibility measurements, seec

>

(2) evaluated from relaticnship : n, = 0.0057 FeQ + 1.4757.
(

(&) allowing for the "obsidian water" in the perlite: en
increase of 0.0048 units of refractive index over the "dry"
value is attributed to the water content of the glass prior to
eruption.

t
(5) bveing An/0.00%6, the slope of the refractive index-perlite
water content relztionship on Fig. S07 being 0.0036 (% water}-1.
(6) effectively a temperature dependent parameter; de Lisle
indicates a decrease of some C.5K for each 100 m increzse in
elevation.
(7) veing the water surplus, eveluzted as before as the differerce
between estimated rainfall and estimated evapctranspiration.
(8) velues of samples of the same terhra lower in the strati-
graphic sequence. These would be expected to have lower water

contenis becavse they have been protected by cverburden since

deposition.

that there was a reasoneble time interval betwesn the deposition of
these layers - csufficient for hydration of the basal lapilli to occur
to a consideratle degree before the rate of hydration was slicwed down

by subsequent burial,

ct
&
)
[}
@
=

Earlier in this section, it was noted tha ;es some tendency

for hisher values of water content of a given glass to b

o

sceiated

(9]

a
with higher infiltration rates. This is, however, but a minor feature
onsidering the smell veriation of water contents for the large

veriaticn in infiltration, it is prcbably a reascnable approximaticn

that the weter content is site independent. If this is the case, then



TABLE 9-6:

Derived Weter Contents of Glasses frcm Tephras of Known Age.

~ !
Parent Ash  Sample FeO/%(1) no(c) n(3) An An (&) \/%(5) t/105yr
No, Ferrous .
Content (n-no) (=0.17%)
Rotomahana
Mud 1101 0.90 1.4.808 1.4970 0.0162 0.0114 3.16 0.1
Keharoa Ash 1103 1.45 1.4839 1.5020 O.O181A 0.,0133 3.57 1.75
Rotoma Ash 1110 0.65 1.4795 1.4.995 0.0200 0.,0152 423 7.33
Rotoma Ash 1115 05 1.4.783 1.4997 0.0214,  0,0156 4.60 7.33
(basal 1apilli)
Rotorua Ash 901 0.30 1.4802 1.4995 0.0193  0.0145 400 13.45
Oruanui Formation (sce Teble 9-5) 4O = 1,3 19.85%
Rotoehu Ash 307 0,53 1.4.793 1.4987 0.019%  0.0146 405 )
)
409 0.55 1.4788 1.4977 0,0189  0.0141 3.93 ) LA7
505 0.57 1.4795 1.4987 0.0192 0.014 4,00 ;

Notes:

{1) = (5) as for Table 9-5.

o~




the wate
®

T content of glass should be a function of age

Siciler considerations to that in Table 9-6 can be applied to
glass from the Rotoehu Lsh with analzgous results, Interestingly, the
vater contents of the glasses of the Rotcehu Ash and Oruesnui Formation
are sicilar despite their considerzble difference in age. At this
stage, it is appropriate to consider the variation of water centent with
age by reference to samples of glass of known age and data for this is

presented in Teble 9-6. This data, together with data on water contents

of chemically analysed glasses of known ages from the literature is

presented in Fig. 908.

From the diagrams it is clear that the function rises rapidly and
thern levels off. There appears to be a =light drop in water contents
vwith increasing age above about 15 thousand years, although this is

‘e ) + . : .
within the error of =0.1% imposed by the determinative method. Because

the functiicn is effectively constant egbove ages of about 10,000 years,

'.h

t is probably not particulariy useful as a dating technique., However,
that there is clearly a change in mechanism as hydration proceeds is cof

interest and it is to this that attention is now turned.

S8-12: Xinetic Aspecis of the Variation of Water Content with Ased

G

1t

SS5.

Data given for water contents of very cld glasses in the Urnited
States (Izett et al., 1970) show water contents comparablie to those
cbtained here, suggesting that if the function is exhibiting a maximum
it is at low values of age. Frost and Pearson (1966) describe series
rezctions wherein one component is the intermediate of a reacticn
sequence. For the hydraticn of glass, such a series of reacticns can

T II
glass (obsidian)— hydrated glass(perlite) — allcphane.

vhere reaction I is described by Ross and Smith (1955) end resction IT

is that process of weathering of glass proposed by Fieldes (15585).
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3

If the water content is representative of the amount of perlite, it m
bte inferred that perlite is an intermedizie in the process., The near
censtency cof the water content fuorther implies that the reaction sequence
mey bte ccnsidered to exhibit the kinetics of a cheain reaction with a
staticnary state, which has as its criteria (Frost and Pearson, 1566):

"e.o.. that the intermediate (perlitz, in this case) is very
reactive compared with the original reactant and also results in
the concentration of (perlite) being very low. The .....
condition (that t >> 1/k2, where k,_ is the rate constant for

2

process II) ensures that the induction period has been passed.
Usually where the stationary-state approximation is applied the
incduction period is immeasurably short so that the method can be

used with confidence.”

Thnis kinetic approach is similar to the mechanistic consideration

txj

riedran, Smith and Long (1966), who stated thet siuce perlites
typicelly contain some ,-4% water and have hydraticn shell thicknes:zes

of some 20 microns, perlites do not attain greater hydration thicknesses,
nor presumably water contents then this because:

" ... the stress would be so great that a crack would form at

the interface between the hydrated and unhydrated glass, and the

process of hydration would start again.”

This repested process may account for the observation of Ewart
and Fieides (1962) of there being no systematic variation in strain for
glasses of differing history. Such a hypothesis of the hydration

.

process giving rise to strain is at variance with an earlier idez by
Varsnall (4961) that the strain features in perlites resulied from
thermel strain during cooling, and that the high wetecr centents are the
result of abscrption of water intoe the fractures. The other possibtle
explenation, that of the glass becoming saturated so that no further

hydration is possible,is satisfactory in that it explains the constancy

of water contents in a1l but the youngest glasses, but it does not



- 1.3 -
reedily explein the occurrence of allcphane as a weathering product of

L9

volcanic zlase,

.
[¢]
g;
o
3

n, Smith and Long (1S66) described the hydration of
cbsidians to form perlites as conforming %o the equation:

x2 = kbt
where x is the depth of hydration, t is the age zna kD is a constant,
said to be related to the diffusion constant. &n earlier paper by
foulson and Roberts (41961) followed the hydration and dehydration of
silicate glasses by an infra-red method and showed that the optical
density at the water absorption (2.7 microns) was related linearly to

the sguare root of the time for which the glass was heateld, They

NQ

. . . .. 2 2,2
en expression for the diffusion coefficient as D = ({1 /Hét)(dﬁ/d

)
2 bl
where d2 is the optical density at 2.7 microns of a saturated thin
specimen of glass of thickness 1 and d1 is the optical density of a
thick, and presumably enhydrous, specimen. Now the ratio d1/&2 is a
linear function of surfece water ccritent and 1 is a function of the dept
of hydration. Accordingly, it would seem that the surficial water
content is a function of the depth of hydration. Thus:
2 ;

w = (D)t = ¢ (kb)t
where ¢{(D) is a constant, being a function of the diffusion coefficient.
New, such constants usually are related to the temrersture by expressions
of the form:

k, or D = A exp (- EART)

In this expression, the so-called Arrhenian dependence, A is a
pre-exponential factor, E is the activation energy for diffusion, and R
end T are the gas constant and the temperature respectively. Thus for
determinations of water contents at two differing temperatures:

/i [zR)Ca/my - 12 )]
D1/D2 = ]CD ;¥ exp /il i .‘.2 / 1
1 2
z) ) ]
ST b <+ -— e . 4 -
Conseguently, [ (5;/t1)/(ﬂz/°2) ] = €eXp. ( (‘/Tz 1/T1)

-1
. L4 - < ~ 5 T 3
Estimetes of the activation energy are around 20 kcel,mol ' so thzt ikis

il

e

relaticnship becomes:



2 /.. b fm o a2 L
1n(ﬁ?/i1} + 10 /31 = Ln(w1/%2) + 10-/32

The velues of temperature used in this equation are the effective

hydration temperature of which Friedman, Smith and Long (1966) wr
"The effective hydraticn temperature is not the sverage temperature
but rather an estimated temperature at which hydration proceeds at
vhe indicated reste if this temperaiure is raintained constantly.
esees In nature, the effective hydration temperature depends not
only on the maximum temperature, but also on the length of time
that the high temperatures are maintained. The hydration rate
rmeasured on objscts hydrated under natural conditions is an
integrated rate."

These authors do not however give the basis of how this 'integrated

rate' might be calculated.

Eendy and Wilson (1968) gave the variation of temperature with
time, on the tesis of oxygen-isctope measurements in stalactites.
heir curve is given in Fig. 909 where it will be seen that there is a
mexinum around 9,000 years. This meens that the effective hydration

temperzture for glasses older than this is probably a little less then

286K). For glasses younger than this, the effective hydration

-
w
o
o)
~

temperature is adequately represented by:

(%) = 0.223 t + 1

Since there is only a two-degree rise in temperature between the

present-day and the maximum this will have but little effect on the
effective hydration temperature.  Accordingly, 21l the glasses, &t
least 2s old as the Oruanui Formation, hzve hydrated under essentiall;
similer effective hydration temperatures. This enables the conclusion
to be reached thet the plateau in the weter-content age plot (Fig. S07)
represents the end of the range of applicebility of the relatiom:

x = kyt
and is not the effect on the kinetic expressions of significantly

differing temperaiures.
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S9-13: Ccnclusion:
The refractive index of a gless chard is an indicziion of its bulk
is certainly affected by hydration after weathering.
alter which

vy, but is
This effect is greatest over the first ten thousand years
the water content (as ermined by an indirect methed reguiring
and ferrous contents of the gla Yis

informaticn on refractive index
Accordingly, for glesses older than thi any

essentially constant.
significant differences noted between the refractive indices of two
L -

obably represents a different eruptive rather than post-

lazses T
,» provided that the post-eruptive envircnment is similar.

eruptive histor
he refractive index bezars but a minor relationship to differences in

ifferences in weathering regimes

3

[

eruptive history occasioned by
and depths of burial. Such possible relationships, consistent as they
are with the raising of the index with great hydration, are compliczted
index obtained representing, in some cases, mixtures of

by the mean
glasses.
of the Tirau Aish

the rhyolitic glasse

[¢/]

that

Qu

it is note

ces of glesses of the former sequence

Hairoa Ash sequence.
ery neariy to that of other predominantly riyol ¢ tepnra:

Rotorua Ash and Oruanui Formation, for example. That the

otona fLsh, R
+tive indices of the glasses of the Mairoa Ash are lower than thei

refrac
irau Lsn counterparts, in spite of their probable greater age on the
al

suggests that this difference is composition

T3
i

estimates of Chapter 6,
in origin. At the Mairoa Ash type section (&t Mairoa itself) the
racted rhyolitic glass was found to be of two distinct refractive
indices, a higher valued index of about the value thet associsted
with Tirau Ash and Oruanui Formation and one of a lower value. This
provides confimmatory evidence for the Mairoa Ash deposit being
in its upper portions. The nel decrease in
3 the

composite, at leas
refractive index as the stratigraphic coiumn 13 descended at



intermediate site {like Farawera) provably further testifies to this
cozposite chorzcter. If the lower refractive index is considered %o
be indicative of differing chemistry, the ashes identified as Rotoehu

£sh, below the Oruvanui Formation marker bed, appear to have refractive

indices atypically low for rhyolitic ashes.

In corder to be gble to achieve the accuracy needed in these
comparisons of refractive index, better determinations of refractive
index were needed than is usual to petrological investigations. The
technique used of determination by thermal variation is described and
is of central importance to a study of this kind wherein the differences
in refractive index are so very small, As a result, the pessimism
expressed, at least among New Zealand tephrastratigrephers, about the
worth of refraction index of glass shards as an identification technigue

may be dispelled.



CHAPTER 4Q: CHEMICAL ANAIYSTIS OF VOLCANIC

(2 AP \' .t‘..-S

SiC=1: Introducticn:

he chemical analysis of glass shards as a tool in the correletion
of terhra has been used successfully in the United States and recent
dicates that such znalytical methods are likely %o be useful in
Kew Zezlend tephrostratigraphy. The prineipal assumption in the method
is that the composition cof the glass is constant throughout the areal
extent of the tephra. TFor a peroxysmal eruption this is almost
certainly justified, but is rather less so where a sequence of eruptive
events contributes to the same tephra deposit. As is shown on Fig.
1001, it is possible that some of the tephra units may not reach the
distant sources: the telescoped column of tephra units at a distant
site mey or may not be representative of all the members erupted. This

mey have a profound effect on the correlative power of glass analyses,

Technigques of analysis fall into the broad categories of bulk and
single shard methods. 0f medern instrumentzl methods atomic absorgtion
and x-ray fluorescence are representative of the former with electron
probe techniques representative of the latter. The important difference
is thzt bull methods give an zppropriately weighted mean of the chemical
composition of the number of shards comprising the specimen wher=as the
other methods enable the comparison of single shards within gnd tetween
tephra units, Bulk methods, therefore, are zble to correlate analyses

istent sites to each other znd to correlzte

(o]
et
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[
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w
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4]
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o
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glzsses whose member status is known. They are usually inept et
resolving ccrrelations between shower be&ded tephra units close to source
with telescoped tephra from distent sites. For this latter problem
single shard methods are preferatle. Renkin (1973) in a study cf trace
ejements in New Zealend by spark source mass spectrometry noted that:

"the technique is best applied to the relatively homogeneous or

poorly-bedded eruptive tephra.”
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fn exarple of the comparison between bullk and single shard tech-~

nigues in correlaticn by chemical an 1alysis of gla

L

]

s is the distinction
between the Mazama fAsh and Glacier Peak Ash of the United Stales.

Powers and Wilcox (1964) presented data for chemical analyses of glasses
of known identification and 2lso for analyses of glasses they considered
correlative from sites further from the projected sources. This raw
data and some derived parameters are presented in Table 10-1. For
effective correlation the difference in proportion of a given element
between the Xnown glasses (which are compositionally distinct) should
exceed the difference in proportion between the two glasses claimed to

be correleative.

Reference to Table 10~1, the results for which were obtained by
Fowers ani Wilcox (19€4) by bulk methods, indicates that there appears
tc be considerable variation in the proportions of certain of the
elements, in particuler of iron and the alkali metals., In the correla-
ticne cited in Table 10-1, the difference in proportion of these elements
in glesses claimed to be the same exceeds that difflerence in proportion
in glasses known to be different. This is tentamount to saying that
there is a dependence of chemical composition on post-depositional
history. However, Smith and Westgate (1949) in anelysing gless of
the ¥ezema fcsh by electron probe techniques considered that:
post-depositicnal changes in elkali contents are apparently not

significant, and these elements are good for distinguishing ashes,"

£ this statement is taken to be true, then the discrepancies
described earlier can conly be related to the possibility of different
glasses being represented at the near-source and distent sites., However,
that there appears to be a dependence of the potassium content of a

cless with age (see Sec. 10-3) suggests that there may be z post-



informaticn obtained by chemical anzlysis in no way negates the need for
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ther techniques. The remainder of this chapter explores the
applicebility of chemical analysis of glass in New Zesland tephra
studies and examines the inter-relatiocnship of chemical deta with

physico-chemical paremeters.

TLBLE 10-1: Comparison of literature data for a single-eruption tevhra

}

yrobably episodel tephra - chemical anelysis (Ccmposition

-
ena a

s
data from Powers end Wilcox)

I II II-T 11T Iv I1I-1IV ITi-T
Oxice Proportion major oxide (%)
8102 72.33 72.292 ~0,40 73.01 Thl 67 -0.66 0.62
A1203 .78 1475 0] 15.08  14.5L4 0.5 C.22
Tioz O3 0.ir6 .03 0,30 0.23 C.07 ~0.13
Pe203 0.58 0.73 0,15 0.55 0.35 0.30 C.G7
Fed 1.27 1.32 0.05 1ok 0.65 0.49 -0.13
¥nO 0,06 0.05 -0.,01 0.05 G.03 0.02 -0,01
MgO 0.52 C.64 0.09 G.73 0.45 0.28 0.21
Cal 1.58 1.83 0.25 2.30 2.32 -0,02 0.72
Nazo 5.21 4.90 -0.31 3.72 5.68 0.0 -1.49
KZO 2.77 2.95 0,18 2.89 3.05 -0.16 0.12
P205 0.C9 0.C7 -0.02 0.13 C.C3 0.10 0.Ck4

Notes: T : near source; sample from Rogue River, Oregen, U,.S.,
pestulated source Crater Lake.
I1: sample far from source, Barr Creek, Montana, U,S,
II-T : reletively small differences apart from geochemically

mobile elements, ccnsistent with cne-event eruption.



Notes: centinued:

YTY - IR P 2
112 1 pumice cn flanks of Glacier Pezk volceano.
iy : s

3

empled in Montene, 2t considersble distence Trom source.
Note thet differencec in this column are typically
.larger then in the II-I column,
ITI-T « Tew aPOAdder ~rroga] ed 2 e {TTo™ = ( - N aboulad
IXI-3 ! For effective correleticn, (II-3) end (IIT-IV) =should

be less than (TII-I).

S10-2: Aralytical Technigues:

There is an extersive literzture dealing with analyticel technigues
for glesses, but for the present purpose, rapid instrumentzl methods were
sought thet yielded arelyses for a wide range of elements, introducing
the possibiiity of "fingerprinting" the varicus glasses. Jack, lajoie
end Carmichael (1969) and ANAC (1974) have Gescribed the use of x-rey

flucrescence in the "fingerprinting" of otsidiens, aud most of the

analyticel data referred tc in thls thesis was obteined using an ORTEC
energy dispersive x-regy fluorescence spectrometer. Tor these determina-
tiens the finely divided glass powders were placed in sample containers

witk a window of "Mylar"™ film in the base. This method of sample

preparstion precluded the determination of magrnesium end scodium in the

D]

glass. Standard glass samples were not aveilable, so concentraticns in
the glass were determined relative to a calibration curve defined by the

anzlysis of standard rock samples. These latter, being V-1 (a dichase )

end £GV-1 (en andesite) were chosen as being compositicneally similer to

rhyolitic glass, and were finely ground, mixed intimetely with powdered
cellulose in ratio one part rock to three of cellulose, and pressed in a
s
o/em®

die at 3.2 tons/em” pressure. To defire the zero on the calibretion

(’)

curve a disc of pure cellulose wes alsc pressed. The elemental propor-
tions detemmined in the glass would be expected to dif'fer frem those
obtained by other analytical means beczusce of the diluticn of the

stencards relative to the glass and because of possible matrix erffects.,

In Teble 10-2 are given the elemental concentrations for glass from
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Ta: Tiums - T ; Y - - - ,
Teupo Fumice efter Zwzrt (1963}, and the data ocvtained by x~ray
flecrescence frem glass from Taupe Pumice a2t a differcrnt locality. The

third cclumn in the Teble is the X.R.F. data scaled to comparzble

K

silicon ccntents, the fourth to constant a2luminium, The x-ray

fluorescence results scaled to constant silicon are in better agreement

e

TABLE 10-2: Comparison of analyses of glass from Taupo Pumice

Element Proportion (%) Proportion (%) P:‘»El P.g_l
after Ewart by X.R.F.

P [} ' ! 1
. “E $> Pye(Pgs/Poi) Prr(Pry/Phy)

Si 53.2% 61.43 33.29 36.40

A1 €.52 11.80C 6.40

N
.

\0
\0

Fe(II) 1.05 )

) 1.58 3.25 1.76 1.92
=e{II1) 0.53 )
g 0.18 -—

Cz 0.2 1.95 1.06 1.6
Na 3.52 349 1.90 2.C6
X 2.37 L.13 2.25 2.4,

¥n G.C77 0.19C 0.103 C.442

Instrument: ORTEC. molybdenun target, anode veoltege 3CkV, znode

carrent 20 microamps, count time 200 secs.

Anzlysis for sodium probebly at'fected by "Mylar" window.

fu
o+
Q
o]
(o]
s
[&]
t+
0]
3
bl

rith the previously published date than are the results scaled
aluminiunm. Lccordingly, an adjustment factor of O.54 may be applied to
+he concentratiion velues obteined by x-ray fluorescence analysis to

render thea compareble to those ¢ tained by other methods. On Fig., 0C2
the results of enalysis of ircn and mangerese in various samples by ¥x~ray
fluorescence and atomic ebsorption methods are compared, the forwer being
corrected as described sbove., Good correlation is achieved, svggesiing

.

. - - 3 3 4 15 g e red vt
that the znzlytical date cbtained in this thesis mey be compared with
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aralyses ofteined by other determinative methods. In that the adivst-
ment

presentec in the tzbles are not cerrected in this v

51G-3:  M¥ezjor Elements in Gless, and their Relationshirps with Physice-

Chemical Parameters.

In Tzble 10-3 the major element compositions of various identified
glasses are given. t will be noted that even for Oruanui Ash, consid-
ered essentially to be a one-event eruption, there are significant com-
positionel differences between glasses from different sites. & plot for
example of silicon versus aluminium contents for gll glasses gives a
ccatter diagram of low trend (Fig. 1003). However, when a specific
glass {of Orusnui Formation) is considered, the expected inverse
relztionship between these two elements becomes apparent. Of particular
note is that the line defining this relationship passes through or nes
the plotted points of the rhyolitic glascses assceciated with the Mairca
Ask sequence at the more westerly sites. As expected there is =

decrease in refrective index for rising silicon content; this is shown
for Crusnui glasses in Fig. 1004. Again this trend is probably indica-
tive of the contaminetion of the glass from the Oruanui Formation at the
more westerly site with rhyolitic glass associeted with the Mairce Ash
seguence. There is no significent correlation belween refractive
indices anc silicon contents for all glasses, since there appear to be
importent compositionzl differences in elements other than siliccu which
preciuce such correlation when the refrzective index is measured so
accurately. This represents an extreme example of the difficulties in

refractive index versus silica content plcts for glasses of different

volecaric suites described by Matthews (1951).

I=ly

£ tlot of ferrous content of the giass (as FeQ) as a functicn of

aluniniur content iz given in Fig. 1005. That the points cheracterising
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TABLE 10-3: Comparison of Major Element Compositions of Glasses by X-Ray TFluorescence.

Tephra Sample
Na.

Okareka Ash 101

Oruvanui Ash 105

307
605
406
Oruanui
Breccia 905
604

Rotoehu Ash §109
2114

(116

upper 308

Flement
Al Si X Ca Ti Mn Fe
Proporticn/? (XRF)*

10,809 72,928 4,769 1433 0.187 0.117 1.646
9.740 71.101 b4 79L. 1,458 0,19} 0.17%6 1,850
12,459 65.351 L4770 1.392 0,191 0.129 1,902
15.299 60,293 4.369 1,415 0.216 0.128 1.975
11.038 69.22) 4,383 1,63, 0.193 0.119 1,799
13.271 68.419 4,596 1.607 0.220 0.1 2.179
12,956 58,356 L, 211 1,360 0.189 0.111 1,902
1.377 73.149 4,788 1.238 0,210 0.153 1.387
12.215 70.280 Lb.6L7 1.317 0.200 0.143 1,374
11,104 65.951 4087 1,351 0.200 0.137 1,319
12,014 71.566 b..793 157, 0,203 0.156 1,407

-
\n
N



TABLE 10-%: continued

Flemant
Tephra Sanle Al Si K Ca Ti Mn
No.
Proportion/3 (XRF)*
lower 3G9 12,571 71.571 4525 1,741 0.203 0.162
lower 409 12,032 73.971 4379 2.030 0.196 0,148
Rotomahana
Mud 1101 10.986 70.673 4. 618 2,061 0.251 0.109
Rotema Ash 1110 12.793 67 . 6Ol L7222 1,124 0.192 0.163
Lapilli bed
of Rotoma Ash 1115 11,191 6.4 349 4.4y.22 1.219 0.217 0.137
Rotorua &sh 901 11,149 68,069 5.158 1.157 0.192 0.152
Keharoa Ash 4002 9.788 68.34.2 5.694 0.776 0. 141 0.135
Taupo Ash 1103 11,795 61.4.25 a3l 1.951 0.342 0.190
Mairoa Ash 603 11,586 66.7.8 ) 700 1.327 0.22 0.109

*

Percentages given are 1.8, times real value, Sec, 10-2.



cornstent during weathering, as was considered by Ruxton {1968) to be the

case, How there is a cliose relationship beiween aluminium contents and

.
By

refractive index in tektites {see Chao, 1963), thereby adding justifica-

the procedure of establishing dry refractive indices on the basic

of ferrous contents as was described in Chepter 9.

A major difficulty in the correlation of glasses by their chemical
composition is the geochemical mobility of certain elements. The
variation of silicon contents has already been mentioned, end this may
partly result from leaching under high-infiltraticn conditions. Even

more strilkkhing is the variaztion of potassium contents. From Fig. 1C06,

e
ct
He

s clear that the pctassium contents are higher in glasses at the top
of the stratigraphic sequence and decrease regularly down the seguence.
¥ason (1958) indicates that the melt is likely to become enriched in

petassium as differentiation proceeds, so that glass sampled from higher

’
o
3
[
o)
s
|
<4

ve seguence might be expected to be more potessic than glass
lower in the sequence. Such 2 trend is chown for members of the Rotoehu
seguence in the insert tc Fig. 1006. Potassium contents of the
rhyolitic glasses of the Tirau Ash and Meiroa Ash sequences are shown in
Fig. 1006, on which are also given the isochrons based on dating.by
gilass contents of soils. From this there would seem to be a correleticn
between potassium loss and the age of the tephra. On these grounds the
earlier-given statement by Smith and Westgate (1969) on the invariznce

of +he alkalis in glass would appear to be refuted.

It is of note that the titanium content appears remarkably consiant
for glasses of given parent tephra e2lthough therée is no greet varistion
in its concentraticn, The differences in manganese end ircn contenis is

quite striking as is indicated by the Mn/_i versus Pe/Ti plot of Fig.

1007. From this it mey be cbserved that the rhyclitic glass of the

3
e

rau Ash sequence has a higher manganese and lower iron content than

have the rhvolitic glasses of the lMairoa Ash sequence . It is of

.
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particular significance that these latter rhyclitic glasses plot in the

[F=)

the diegram as do those of Oruvenui Formetion: it may be

ct
oo g
™
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the rhyolitic glass accompanying the ¥Mairova Ash is

glass from the Oruanui Formation.

£ similar type of fi€ld diagram which shows greeter separation for
different terhras is given in Fig. 1008, where ¥n/Fe ratios are plotted
as a function of Ca/K ratios. Here it may be seen thait there is a
satisfeactory separaticn on the diagram of various "pure" glasses. The
plotted points of values for the stratigraphic sequences again concur
with the correlations previocusly established.  Again, however, the
plotted positions for the rhyolitic giasses of the Mairoca Ash and of

Oruanui Formation are similar.

™

Fron this discussion it mey be seen that the major element
compositiocn does not make significantly clearer the distinction between
the merhers of the Tirau Ash and Meirca Ash sequences than has zlready
been achieved, but tends to emphasise further the composite nature of
the bheds. In that the major elesments, being generally geochemicelly
active, zre likely to be affected by hydraticn agd leaching properties,
eny ccrreletion by such elements is likely to be severely hempered.
Pecause of the lower geochemical mobility of certain minor and trace
eiements, correlation and distinction of glesses may, perheps, be more
reedily determined with reference to such elements, and it is to this

that attention is now tumed.

S4C-i: ¥inor end Trece Elements in Glasses:

The characteriszticn of cbsidian artifacts by x-ray fluorescence
with respect to minor elements has recently been described (ANAC, 1574).
Tn the case cited, "fingerprints" were obtained, being intensity versus
; tl t d compared Minor elements found to vary in
wavelength plots, and compared. 43 T f t y

different obsidiens inciuded copper, zinc, arsenic, rubidium, strontium

and zirccnium, In Table 10-4 are given the concentrations cf copper,
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TABLE 10~4: Minor znd Trace Elemerts in Volcanic Glesses.™
Element
Parent  Sample Cu Rb Sr Zr Zn cu’
Teghra Ho.
Proportion % Intensity c.p.S.
Oruanui 105 0.020 0.025 0,018 0.029 0.1057 9.072
Lsh¥¥
307 0.022 0.032 0.020 0.036 0 11.8653
€05 0.002 0.018 0.023 0.043 0.350 7.2122
Cruznui
Breceia®® 905 (0,012  0.047 0.023 0.0%L 1.24.32 4.0753
CL 0,007 0.023 0.020 0.030 0 1.352!
Rotoehu ( 112  0.025 0.035 0.017 0.020 0 11.297
Ash (
( 114 0,001 0.034% 0.020 0.021 0.1361 o}
(
( 116  0.042  0.066  0.019  0.017 o} 15.122
308  0.244  0.027 0.018 0,021 o} 74.0%53
309 0.00h 0.030 0.025 0.030 0.3189 3.8012
409 0.071 0.028 0.028 0,037 0 6.3109
Rotozekena
Wud 4101 0.021  0.032 0,025 0.023 0 2.557%
Sotoma Lsh 4110 0.C09  0.067 0.017 0.026 0.8911 L.i€82
Basel ,_ o
Lepilli: 1415 0,004 0,043  0.021  0.031 0.5146 0.1224
Rotome 4&sh
Rotorua 01  0.001 0.032 0,015 0.030 0.1:229 o
Kzharca 1002 0.019  0.048  0.011  0.012 0 £,£.53
Lsh
Taupo 4103 C.003  0.0L7  0.027  0.047 3.0329 0.8600
Fumice
Kairoa Ash 603  0.09 0.040  C.02 0.023 0 19,2538

mirau Ash 202 0,090 0.051  0.022  0.033 0 32,5478




® 0y wavelength dispersive Z,R.F. anzlysis, concerntrations are 1.84
tizes real values (see Szc, 10-2)

+ included because negative concentration values sometimes found in
anezlysis for copper.

“nese two members make up the Oruenui Formation, see Chapter 12.

rupidium, strontium, and zirconium, in selected volcanic glasses,

together with the intensity of the zinc and copper peaks.

There eppears, however, to be a higher content of copper in

ziacses associated

4
-

7ith the Mairoa Ash than is typical for other ashes,
althouzh there is considerable variation in copper contents among glasses
believed to be correlative. The copper concentrations as the logarithms
of peek intensity are plotted con Fig. 1009, and indicates the trend of

higher copper for Mairoca glass.

Trrere are minor differences in rubidium and zirconium contents,
but nv significant veriation in strontium levels. A plot of Rb/Sr vs

Zr/Sr in glasses of different tephras show some distinction tetween such

teghra (Fig. 1010). Such a plot is less helpful in the case of glass

(")

S
Mairoa Ash sequences; for this a plot of Bb/Zr ratio
as a function of stratigraphic position is giver in Fig. 1011. In Fig.
41041 rubidium to zirconium retios are plotted as a function of strati-

graphic position. As a general rule glasses of the Mairoa Ash sequence

are associated with larger values of this retio than are their Tirsu &sh

counterparis, Szmple 202 of the type Tirau Lsh sequence has

B

ancmalously large ratio which is not readily explained.

ios to separate various ash showers
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besis of work on the rare earth component
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the elemental ccmposition, particularly of trensitvion metzls, in
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analysis being a bulk one of perheps vitric components of several eruptive
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t in place and time, and slso to posi-depositicnal

S10-5: The Variaticn of Chemical Composiiion within an Eruntive

Sequence.

Pankin (1973) has indicated that difficulties may arise in tephra
correlation between multi-bedded ashes near the source and singlyAbedded
ashes far from source. Reference to Figs. 1007, 1008 and 1010 indicate
that there is, for example, a considerable variation in tke ratio fer
the samples of Rotoehu Ash, which at the site from which samples were

teken {Leslie Road) showed a cocnsiderable thickness of shower-bedded
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tephra. Even morz noteworthy is the subst

-

cozmposition between these and the samples recognised as Rotovehu Ash on

the basis of their stratigraphy in the Vaikato district. It is
interesting to compare these results with those for Rb/X and Sr/Ca

ratios. These two ratio are expected to vary in the progression of an
eruptive sequence. Of rubidium, Mason (1258) writes:
"The only major element Rb can replace should be X, and this
found to be true. Rubidium forms no minerals of its own, being
. . . . + . .
lways incorporated in potassium mirerals. Since Rb is consid-
+ <8 . R . . -
erably larger than K, rubidium is admitted into potassium minerals,
and accordingly the Rb:X ratio increases with increasing differ-

entiatioNee.es ™

2y /% ratios for selected samples from the sequence of Rotochu Ash

ct) are given in Table 10-5,

o)

szmpled at Leslie Road {Hauraki distr

4.2 . T
the seguence, ir

wherein it may be seen that the ratio increases dovm
a gradient exists in the magma chanber such that Rb/K ratics are as

Heson

(1558) suggests higher at the top than lower down, then if this is

2 + e . - ~tod 4
ejected from the vent the first deposited material would be expected o
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Ehest ratic and subsequent deposits to be of lower rotil
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s the trend chserved. Comparison of the ratic with thoese

obtazined in the Wailizio district susge

¥ason (1958) notes that strontium tends to be admitied in place of
calcium, and that its ccncentration is expected to rise as crystallisa-
tion of the magma proceeds. There is also the possibility of strontium

being captured by potassium minerals and for th

=t

s reason the Sr/K ratiocs

so given in Table 10-5.

TABLE 10~5: Veariation of Elemental Concentraticn Ratics within the

Rotoehu Eruptive Sequence.

Semple No. Rb/K Sr/Ca Sr/X

(Leslie Road sequence) 109 0.0052 0.0132 0,007k,
112 0.0074 €.0138 0.0035
114 0.0074 0.0153 0.0C43
116 C.0147 0.0111 0.0042

(Taiketo district) 308 0.0056 0.0131 0.CC38
309 0.0066 0.0148 0.0058
L09 0.008k 0.0%37

The Sr/K ratios vary in similar manner to the Rb/K ratio, although

of strontium conients and ratios between far from s
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multi-bedded ashes is not as clear as was the case for rubidium contents
end ratios. However, the corrslation is undoubtedly assisted by the

R} 3 Py 4
age trend with potassium contents already noted.
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n might te expescted to give
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rather less variaticn in r tios, but the problem here is complicated by
there teing two members of this formation, whose glass may be iniermixed.
m .

L

his problem will be specifically described in Chapter 2.

rulti-ved deposits, is to some extent dependent on the element or ratios

consicdered. This seems less a problem in comparison between tephra

units,

S10-€: Conclusion:

%hile the vaiue of compesition data in the solution of protlems

Jte
Je
E

tephrostratigraphy should not be overloocked, neither should the chemical

w
’!-
{n
9]
4

anzly glass be seen as the solution to all correlation end identi-
ficeticn problexzs. As has been suggested previously correlation appears
to bte more readily attained between single heds far from source end
single beds near to source then of the former with midltiple ash beds near
to source. This is well-~evidenced in the case of Rotoehu Ash, whose
composition as a single bed in the Waikato bears a complex relationship
to the multi-bedded deposit sempled on the Mamaku Range {Hauraki district).

s with other techniques described, the Oruanui Formation marker bed is

l-

particularly azerable tc correlation, particularly once the two member

«

stetus of this bed is z2llowed for.

The chemistry of the glass does not in general offer a satisfac-

tory distinction between the Mziroa Ash end Tirau Ash seguences, the

greztest distinetion cceurring on & plot where the amocunts of iron and

mangenese relative to titanium are compared. Such a plet might sugeest
that the glasses from Tirau Ash contain more manganese and less irwn than

2o itheir Vairoa Ash counterparts. It is interesting that there is some
uggestion on the basis of chemical data, that the glass of the Nairca

Aeh is compositionall] similar to that of Oruvanui Formation; refractive
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index data has previously suggested contamination of this kind. For
ultimate resolution of this possibility recourse would nsed to be made to
electron microprobe analysis of individual shards. With regard to trace
elements there does seem to be a trend for the glasses from Mairoa Ash
tc have 2 higher content of copper and rubidium than their Tirau 4sh

counterparcs, which may be due to either a difference in eruption iype

(primarily andesitic rather then rhyolitic) or to a different stage in

magmatic differentiation having been reached at the time of eruption.

Finally, it is to be noted that the idea of the "frozen" nature of
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now of original composition, is probably not
Justified. There is good evidence for post-depositional less of
potassium by leaching from the glass, and this effect is probably not
confined to this element: the variaticn of silicon content under
differing weathering conditions end water contents with age may zlisc be
indicative of this. This, combined with the already mentioned
difficulties of correlating far from source to near source beds
necessitetes considerable care being teken in the correlation of tephras
by this method. Rather than being seen as a cure-all for all tephro-
stretigraphic problems, chemical analysis should be seen as ope further
tool in e series of possibly useful techniques te be epplied to a given

problem.
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CHAPTER 41: THE TTIRLL AND MATDQL ASHES

Throughout the second part of this thesis, the applicabilitiy of
the verious technicues described have been assessed with particular

reference to resolving the problem of whether the Tirau and Mairoca 4sh

beds zre of

e

ntrinsicelly different crigin, or whether they merely
represent differentiy weathered products of the same parent material,
In this chapter all the information derived about this problem as a
result of the investigations of the various technigues will be reviewed
in order that the solution to this problem of tephrostratigraphy may be

appreciated.

S41-2: Mineralogiczl Investigations:

The members of these two sequences are allophanic tephra-derived
soils at depths of some 30 to 120 cm below the present ground surface.
The sazzpies taken of these sequences from various localities were first
ultrasonically clezred to separate the cley minerals from the primary

mineral greins. The yield of mineral grains was higher for samples

believed +to be representative of the Mairoa Ash sequence than those of
Tirau Lcsh; this being surprising in view of the fact that the Mairca

Ash occurs typically in regions of higher rainfall (being at higher
altitude) than does Tirau Ash. Tl is observation, zlthough of itself
possibly speclicus, was, however, suggestive that the weathering of

aiflerent ach types might be involved.

The materizl recovered from the ultrascnic cleaning, effectively
s "sarnd frection," was examined, particular attention being paid to the
vitrecus components. This, together with considerveticn of the relative
proportions of g guartz and feldspar, suggested that the Mairce Ach
sequence might have an apprecieble andesitic compenent while the Tireu

Lsh secuence was primerily rhyeclitie. Cuantitative in

estariished both the presence and proporticn ©
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enabled the assigrment of "rhyolitic paremeter" having its basic in the
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raitio cf rhyclitic tc andesitic glass. The overzll effect (showr 3in

Psee. EAL apd AN . . .
igs. 5C6 arnd 110%1) was thet samples reccenised in the field as Yairoa

Lsh hed lcw values cof the rhyclitic parareter (0‘) wheresz
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f the initial amounts of glass
in ashes for various values of the rhyolitic parameter, and some indica-
tion as to the probable variation of weathering rete with time the
tephra residua may be dated. In so doing, the implicit assumption is

mecde thet the weathering retes of ancdesitic and rhyclitic glasses are

cemparsvle., On this basis, the depositicn of Tiresu Ash would appesr to
cover the pericé from about 10 - 15 thousand years ago, being underlain
by Mairca Ash which has Cruvanul Formaticn as its lower bound. At

b Y3 g -

¥airca itself the dates indicated for the Mairoa Ash, appeared older than
for ithis tephra dated at other sites. Thile this could be atiributed
te the erosicrn of the upper mermbers, the thiclmess of ash deposited at
sirca is actually greater then that which might be expected on the basi
cf the extrapoclation of iscpach data. Studies of the refrective index

of the rhyolitic glass indicate that a significant proportion is the same

m
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Oruenui gless. Corrections for this accretion reduces the ages
of the *op and base cf the Mairca Ash to 14 and 17 thcousand years

) k]
respectively.

By comparing these tentatively assigned detes of the segquences,
with tre Mnmown dates of tephras originating from the Zgmont and Okatzina
voleeric centres, the principal componernt of the Tirau Ash sequence

~ IR A 2T Ter T~ dppn e
woulé seem to be the Rotoruz and Re revhekaiitu Ash, and posoibly Toloma

(¢}

t & pertion ef the Egmont-derived

feh, end for the Mairoca Leh, a2t les Egm
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ci1i-%: Fesultis fron Phvsico-Chemicel Parsmeters and Lrelvedn:

Yention hes alrezdy been made of the difficuliies enccuntered by

deting technligues beczuse of the differing effects of weathering

h

semples at various sites. This has scme effect on the
therefcre, &lso affected the attendant properties of refractive index,
density, anc magnetic susceptibility. As far as the density of glass
was concerned, the natural variaticn in the glass (as evidenced by the
width of the bands in the density gradient columns) exceeded the
éifferences between samples. However the densities of glasses from
beth sequences were slightly higher than that of the glass from the

unéerlying Cruanui Formaticn, suggestive of a difference in composition,

For refractive index, the natural variation was less than the

gifference between the veriocus samples: the rhyolitic glasses associgted

with Mzirpa Lsh generally had lower refrezctive indices than did the
glass of Tireu 4sh. In that the water contents, evaiuated irdirectly

from the difference beiween the "wet" refractive index measured and a
"ary" value obtained from the ferrcus contents of the glass (itself

deternined from magnetic susceptibility measurements) are very similar,

p

this fPerence in refractive index presumably rerresents a difference
in chemical compositicon. The glasses of the Tirasu Ash seguence have
similar refractive indices to the glasses of Rotcma and Roterus Ashes
aré of Orusnui Formation, so that, although the refractive index
techniques are able to distinguish the Mairce Ash end Tirau Ash glasses,
thers are difficulties in relating thesc glasses to pocsible parent
materizls on this basis. One further point of irterest in refrzctive

index meesurements is the observetion of there helng tweo rhyolitic

C)

classez associated with the Mairoce Ash at Mairoa itselfl, one of low
refractive index, and the other of refractive index more typical of

s cleay evidence

-y

Orusnui Formation and oither rhyolitic tephras. This

Fal

of the contemporaneous inccrporat tion of ejectamenta frem at leest two
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he other, or altermatively of re-working of the

meteriel tc inelude previously deposited meteriel. Trends in elsmental

The inter-relaticnships on the basis of magnetic susceptibilities

/ .
\to give Terrous con;er*s) and ferrous tc ferric retiocs are difficult
to evaluate, In general terms, the ferrcus to ferric ratio is lower in

¥airoa Lsh's rhyolitic glass than in that of Tirau Ash, although the

i

totel iron content of Mairoa glesses is greater. The position is

complicated by the gecochemical mobility of iron. Geochemical mobility

[EN
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prcblem that Lesets the use of chemical analysis in tephrostrati-
graphy: the chemical composition data clearly shows that in tephre

-

exposzed to and inccrpcrated in the soil-forming process, the volcaric

“b

glass that remains mey be significantly different in composition frum

.. .
whet it was orig
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[

nally. For this reascn, chemical deta mey be ne mors

uceful ir terphrostretigrephic correlation than mineral assemblag
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physico-chemical parameters. In the case of the Tirau and Mairoa Ashes

such catz plays a confirmatory rather than an initiating role in their

dentificaticn and correlation.

e
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44~4: Distribution of the Tirau end Mairos Ashes:

v -

Having demonstrated clear differences between the two tephra
seguences and attributed them to different sources, it is of interest to
escertzin their distribution across the Weikato region. In Fig. 1101
is shewn a distribution plot based on the rhyolitic parameter. As has
been mentioned, low values of this parameter indicate andesitic
azceretion, high veluves indicate an ash of rhyolitic charscter. The
rlet clearly shows that the andesit]

hvolitic Tirau Ash at least as far east as

At these more eastern sites the merker
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nd Te Zere Ash, The trends in refractive index leald to similiar

St e dd .3 2 + s 1 K3 v - 2
Seratigrapnic acsignments as is shovn in Fig. 1102, Low refrective

indices ere considered indicetive of Mairoz Ach. Noi wnexpectedl

~iCa Y

) 2o

4.
L
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thet there is same mixing of the glass of the thinly bedded Mairea fLsh

with glass of the Pleistocens beds referred to above

This problem of the intemingling of glasses causes uncertainties
in correlation by chemical composition. However it is possible to gain
some information about the tephre distribution on the basis of element
concentraticn profiles. Glass extracted from the middle of the Mairca
Ash secuence seems to be rather lower in mangsnese than the upper and
lower members and this minimum in the profile can be traced throughout
the distribution of the terhra, as is shown in Fig. 1103. The
distritution of the two tephras can thus be traced by a number of
metheds, but it would seem that the mest consistent are those that rely
orn the verizstion of tephra type, as eviderced by the rhyolitic pazrameter
and the refractive index, rather than by the =mall variaticns in

chermicel composition.

Electreon micreprobe studies on individual glass shards, rather
than tulk srpalysis would enable an assessment of the amount of inter-
mixing of glasses derived froem the various tephra, and thus perhe
permit a more accurate distribution to be compiled. In addition, for
rezscns outlined earlier, such a method might eneble better correlaticn
of the glesszes with proposed parent materials. There is reason for
cptimise in this regara, in that refractive index stuvdies were capable

A ot

of resolving two glasses in a rixture in the Mairca Ash 2fter determining

the indices on a mere ten shards (see Sec. 9-7).

The problem of the identity of Tirau and Meiroca Ashes which has
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been debated by Wew Zealand ¢

ephrostratigsrephers fo
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evpear t¢ be resclved by the application of chemical and particularly

physico-chemical techniques. Laboratory studies indicate mineralogical

differences, and differences in the vitreous cempeonents that suggest

£sh is primerily rhyolitic. The rhyolitic glasses asscciated with the
depesits were examined, and there were found to be differences in
refractive index and chemical composition, although the usefulness of
these techniques was hampered by the possible influence on bulk
properties of there being mere than one glass present. These
differcnces were consistent with different glassec being primarily
responsible for the two sequences. Crude methods of dating by glass
contents suggested that the Mairoa Ash sequence wes clder than Tirau
Lsh. In that the fommer sequerce appears to be contaminested with
Oruvanui Formation, which underlies the sequences, the ages of the

i

Yaircn Lsh sequence, perticularly at Mairoa itself may bte over-estimated.
If this is not the case, then the uprer members of the Mairoz Ash are

not represented at Mairoe. This is unlikely if Egmont is considered to

'J'

be a significant source of this material, and this provides indirect

)

evicerce for the inclusion of glass within the ¥airoa deposit that was

not depcsited contemporanecusly.

The probable parent materials have been proposed on the basis of

these cerived dates. DBecause the Tirau and Mairoa Ashes appear to

P A

represent the margins of several shewe r~tedded tephras, accurate

0

’

cerrelztion with parent materials would need to be effected by the use

-

of electron microprche studies on individual chards.
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CHLPTET 12:  THZ DISTRIBUTICN OF GRUINUT TORLTTION:

N L

S12-1: Introduction:

Lov

m - 2 - . . - . 1 . .
The Cruanui Formation, s has been earlier menticned, is rhvolitic
tephra units, choracteristically 1ittle weathered, that 3s recognisable

cver & large porticn of the northern hzlf of the North Islend.

24 4
v v

'¥.
+

ibuted to a source near Taupo, the depcsit has been dated by radio-
carbon methods at twenty thousand years, and forms a convenient marker
bed beneath the Tirau and Mairoa Ashes in the Waikato-Haurzki regicn.
Two members are frequently recognised: a lapilli breccis (Oruanui
Breccia Member) and an underlying chalazoidite-bearing (Oruanui £sh)unit.
There sppears, on the basis of radiometric dates, to be 1ittle ti
interval tetween the cdeposition of these members and it would seem that

the depcsition of the formstion ceccurred in two principal events. Beds

of similar agppezrance to the lower of these units have been described in
the Mznawatu district, and as far south as North Canterbury. This
chapter exglores the possibility of these latter occurvences being
Cruanul Ash. he technigues described in this thesis have so far be

vused in ithe solution of a problem where the beds were at comsiderable
distarce freom source and the stratigrephic relatvionships were unceriain,
In the precent case, the tephrostratigraphy is clear, in that the bed to
be eramined is clearly different from surrsunding malerial, but the

Gistznce cover which correlation is to

o'

e attempted is considerably

-

spans widely differing climatic end weathering regimes.
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I+ has already been noted that the glass of the Oruarui Formaticn is

stinctive, but nev<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>